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As greenhouse gas emissions continue to increase, we have embarked
on an unprecedented experiment with an uncertain outcome for the
future of the planet. The Kyoto Protocol serves as an initial step
through 2012 to mitigate the threats posed by global climate change.
A second step is needed, and policymakers, scholars, business people,
and environmentalists have begun debating the structure of the suc-
cessor to the Kyoto agreement. Written by a team of leading scholars
in economics, law, and international relations, this book contributes to
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architectures for global climate policy. Architectures for Agreement
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Foreword
lawrence summers

this is an important book on an important subject. Joseph Aldy
and Robert Stavins are to be commended for bringing together,
under the auspices of the Harvard Environmental Economics
Program, such a distinguished group to think through critical
aspects of one of the most important policy problems the world
faces.

Many public policy problems are at their root political. In these
cases, it is reasonably clear what should be done; the challenge is to get
the parties to agree on a plan of action, given the complex political
constraints they face. Opinions will differ, but I would place the
Israeli–Palestinian conflict, US social security reform, and the comple-
tion of the Doha Trade Round in this category. Other problems, such
as the repair of the American health-care system or how to address
radical Islamic terrorism, are more profound in the sense of needing
conceptual work on what the right approach is before it is realistic to
aspire to political consensus. Global climate change falls within this
latter set of problems, so I think it is particularly appropriate that an
institution like Harvard devote its formidable intellectual resources to
creative thinking about possible solutions.

As an economist who has served in government, I am particularly
pleased to see this volume’s emphasis on what might be called policy
engineering – the development and implementation of new frame-
works to address pressing problems. As traditional engineering rests on
but must extend the work of the physical sciences, so also policy engi-
neering rests on but must extend the work of the social sciences. There
is a tendency in modern intellectual life to undervalue engineering rel-
ative to basic science, and this is no less true with respect to policy engi-
neering and social science. Therefore, volumes like this one make a
contribution that goes beyond their particular content. For a number
of reasons, I believe that global warming poses uniquely difficult chal-
lenges in policy engineering.
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First, the essential issues involve a longer time horizon than with
respect to any other major public policy problem. Probably the closest
alternative is issues associated with entitlements and aging societies
where the horizon is a quarter century or so and where success in
taking prompt action has not been conspicuous in any democracy.
While some costs are already being felt, the greatest costs associated
with global warming are unlikely to be felt for half a century or more.

To start, this raises important analytical questions. Traditional
approaches to policy analysis rely on what economists refer to as
intertemporal discounting. Benefits and costs of a given policy that take
place in the future are given less weight to reflect some combination of
the human tendency to value benefits today more than tomorrow, the
ethical observation that people in the future are likely to be richer than
people today, and the observation that through investments it is pos-
sible for society to obtain one dollar’s worth of goods in the future by
spending less than one dollar today.

The Federal government as matter of practice in making investment
decisions or doing benefit-cost analyses typically uses a 7 percent dis-
count rate to reflect these considerations.1 At this rate a $1,000 benefit
or cost avoided (after correcting for inflation) fifty years out is worth
less than $35 today. If one looks one hundred years out, $1,000 of
benefit is worth about a dollar. Even at a 3 percent rate, a $1,000
benefit one hundred years out is worth only about $50 today.
Essentially it is on this basis that the Copenhagen consensus group of
economists placed global warming at the bottom of a list of develop-
ment priorities (Lomborg 2004).

While this approach has weight – and ethical force in light of the
likelihood that our descendants will be far wealthier than we are – it
fails to give adequate weight to the moral intuition that most of us have
of our obligation to posterity. The greatest acts of statesmanship –
starting with the American Revolution and establishment of our
Constitution have been motivated by a concern for posterity not by
benefit–cost analyses. How best to recognize this obligation in carrying
out policy analysis, while at the same time maintaining some rigor
in recognizing that resources are scarce and become increasingly so
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OMB Circular A-4 on Regulatory Analysis recommends the use of 3 percent and
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over time, is a question that deserves much more analysis than it has
received to date.

Equally as important as the analytical questions involved with the
long horizons associated with global warming are the issues of struc-
turing decision-making processes. How can democracies of finite-lived
citizens electing leaders every several years find their way to taking
steps with real costs whose primary benefits will be enjoyed only by
subsequent generations? The question is not just one of assuring that
commitments are made but also, as the experience in a number of
countries with the Kyoto treaty illustrates, that they are honored.

The second respect in which global warming stands out as a public
policy problem is our inability to predict with confidence its impacts
or even to enumerate with conviction all the possible impacts. We are
in the realm of unknown unknowns. My layperson’s reading of scien-
tific evidence suggests that there is now little room for debate about the
reality of large-scale, anthropogenic climate change. Those who ques-
tion the reality of human impact on climate look increasingly like those
who are still arguing about whether tobacco has harmful health effects.
But to say that a human signature on global climate change has been
conclusively established is not to say just how large this signature is or
what its impact will be. There is a possibility that climate change will
prove relatively gradual in its effects and that some impacts will be
benign, such as agricultural improvements due to increased carbon
dioxide concentrations. On the other hand, there are clearly malign
effects such as coastal flooding due to rising sea levels, and a whole
range of negative possibilities from increasing storm activity to large-
scale melting of polar ice sheets. There are also likely to be important
micro-climatic effects that bear on particular regions.

Of particular concern is the possibility of nonlinear effects involving
positive feedback effects. If initial climate impacts are self-magnifying,
as, for example, the melting of polar ice raises global temperatures,
then relatively small impacts can have rapid and profound conse-
quences. But it is very difficult to judge the likelihood or quantify the
consequences of such scenarios. It cannot be responsible public policy
to ignore risks until it is conclusively established that they will play out.
On the other hand, I think economists are right to have great difficulty
with the so-called “precautionary principle” favored by many envi-
ronmentalists, which essentially calls for always assuming the worst.
What is needed is an approach that recognizes our inherent ignorance
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and seeks to preserve as much flexibility for future generations – by
neither allowing greenhouse gases past a point of unreasonable risk
nor preventing the energy use that is essential if standards of living
globally are going to rise. In this regard, it would be useful to imagine
how some of the approaches described in this volume could evolve
with different possible scenarios for the impact of global climate
change so as to evaluate their robustness.

The third respect in which global warming stands out as a public
policy problem is that for any successful solution it requires inter-
national cooperation at a scale to which we are not accustomed.
Although developed countries still account for the majority of
carbon emissions, the balance will soon tilt towards developing
countries. Today, most of the growth in emissions of greenhouse
gases is coming from developing countries, and within a decade, if
current projections prove accurate, developing countries will account
for more emissions than all OECD member countries combined (US
Energy Information Administration 2006). Moreover, the areas of
the world that are likely to experience the greatest impacts from
climate change, such as Bangladesh, are not especially important
sources. Conversely some important source countries such as Russia
are likely to be much less burdened and may even benefit from global
climate change.

There is not much precedent for international cooperation involving
the combination of the breadth of countries and the magnitude of the
policy commitments that will be necessary to address global warming.
Tom Schelling in his chapter in this volume rightly holds out NATO as
perhaps the most significant historical example of countries making
major commitments to one another. I cannot help but wonder whether
NATO would have been formed in the late 1940s if the Soviet threat
was fifty years off. Nor, I suspect, could it have been formed without
the singular role of the United States whose security commitment to
Europe made participation an easy choice for European countries. In
a world where there is no dominant actor in global climate change,
reaching agreement will be more difficult.

An alternative and perhaps more encouraging example of inter-
national cooperation is the European Union in which countries have
made very significant economic commitments to one another, sacrificed
substantial sovereignty, and indeed engaged in significant resource
transfers. Yet the Common Market and now the European Union arose
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out of particular historical circumstances that seem difficult to repli-
cate quickly on a global scale.

The difficulty of reaching and enforcing international agreements
with the necessary scope is reinforced by particular aspects of the
global climate challenge. The countries where the opportunities to
reduce the emission of greenhouse gases most efficiently and with the
greatest leverage, such as India and China, currently have very low
emissions per capita and have contributed less cumulative emissions to
the atmosphere than some developed countries, and so assert a strong
moral claim to being left alone to catch up with the industrial world.
Moreover, unlike with CFCs or lead in gasoline, there is no qualitative
principle like zero emissions that can serve as a focal point for agree-
ment. Any targets or commitments that result from negotiation will
inevitably appear somewhat arbitrary.

New approaches to international cooperation will be required if
strong steps are to be taken with respect to global climate change. It
has been said that in democracies fear does the work of reason. Perhaps
as concern increases about the consequences of global warming, the
willingness of nations to enter into truly binding agreements will
increase. But I suspect considerable imagination will be required as to
how agreements can be made attractive to the major developing coun-
tries or made to be effective without their participation.

Policy observations

During the 1990s, I was an active participant in the Clinton–Gore
administration’s policy process leading up to Kyoto. It gave me a clear
sense of the difficulties involved and broadened my perspective beyond
the economists’ narrower view I had previously taken. While I continue
to believe that careful, rigorous, and thorough economic analyses of
alternative proposals is a sine qua non for effective policymaking in
this area, in the remainder of this foreword, I want to focus on some
of the noneconomic considerations and perspectives I believe, based on
my experience in government and at Harvard, need careful attention
in any informed debate on global climate change policy.

First, there is the constraint imposed by politics that governments are
unlikely to write substantial checks to each other pursuant to inter-
national treaties in the not too distant future. It is revealing in this
regard that the Maastricht Treaty, which called for relatively limited
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financial penalties within the European Union for the violation of fiscal
rules to which everyone was deeply committed, has not succeeded in
constraining behavior or led to the successful imposition of fines.

Estimates differ as to the size of the potential transfers connected
with global climate change, but it seems likely that achieving full inter-
national efficiency could require transfers in the range of tens of bil-
lions of dollars. As one who has sought, with mixed success, to induce
the US Congress to support transfers in low hundreds of millions of
dollars to international financial organizations at a time when the US
economy was imperiled by international financial instability, I am
skeptical that US policy would ever contemplate transfers in the bil-
lions of dollars. I fear this kind of political constraint may be every
bit as real as the various natural constraints imposed by the laws of
chemistry and physics.

This is not a counsel of despair. It is rather a call for incorporating
these constraints into the design of optimal frameworks. One poten-
tially fruitful approach involves assigning emission rights not to
nations but to corporate entities, and allowing these rights to be traded
even across international borders. Clearly we need some national
allowances. We could construct national aggregates from total trans-
fers, just as there is a focus on current account balances today. Other
important questions raised by this approach concern the treatment of
new enterprises and whether they are differentially handled in devel-
oped and developing countries. These issues are taken up in chapters
2 and 3, where approaches characterized by “targets and timetables”
are examined.

The second approach – the focus of chapters 4 through 7 – involves
seeking to coordinate domestic policies alternatively categorized as
“harmonized domestic policies” and “coordinated and unilateral poli-
cies.” The idea here parallels what is done in international trade agree-
ments where nations accept commitments made by other nations. While
subject to the difficulties noted above, this approach has, I believe, con-
siderable potential. It is reinforced by international emulation effects of
a kind not factored into standard “realist” analyses in political
economy. Because of emulation effects, the scope for coordination may
actually be greater than it seems. I am struck by the example of the
Basel Banking Accords, where countries have adjusted their domestic
banking systems even when they are not of great systemic importance,
simply because they want to be part of the international club. It would
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be a serious mistake for the United States not to recognize the consid-
erable moral impact on the international community of any meaning-
ful actions it takes to reduce greenhouse gas emissions.

A second broad observation goes to the need to be catholic in pur-
suing multiple areas of policy research. I do not think it is jaundiced to
recognize that there is a possibility that climate change will prove to
have been much more seriously consequential than today’s scientific
consensus suggests and at the same time that we will have done too
little to prevent the problem. I very much hope on both counts that
such a situation never materializes. It does, however, raise the question
of geoengineering, a topic which is an anathema to environmentalists.
Geoengineering involves the kind of intrusion into a highly complex
ecosystem that we should all fear most. The prospect of trying to
balance one man-made global effect with another is certainly discon-
certing, and it may well turn out that there are no viable geoengineer-
ing solutions. Nonetheless, there is a prospect and a possibility that
viable solutions could be identified. Such solutions could be crucial in
a time of what otherwise could be moments of environmental cata-
strophe. They could also contribute to reducing the adverse effects of
climate change at a fraction of the cost of more direct approaches.

Without necessarily being as enthusiastic as Tom Schelling is in
Chapter 8 or Scott Barrett in Chapter 6, I think it would be a shame if
this was not a more active area of research in the future than in the past.
Much as it is prudent to invest in carbon dioxide emissions abatement
because of the potential for enormous unforeseen costs, it is also prudent
to invest in geoengineering research for the prospect of its enormous and
as-of-yet unforeseen benefits. If successful strategies were to be identified,
carefully tested and implemented, and the difference between benefits
and costs proved to be sufficiently large, then even a relatively small prob-
ability of success would justify carrying on an active research program.

In the same way that many who were rightly concerned about
nuclear war abhorred any consideration of a post-nuclear environment
for fear that it would lower the nuclear threshold, many environmen-
talists fear that legitimating discussions of geoengineering will under-
mine efforts at more direct approaches to the climate change policy
challenge. I sympathize with this concern, and this is why I have treated
the geoengineering issue gingerly in these observations. I suspect,
however, that there is at least a small chance we would live to regret
treating the whole subject as taboo.
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The third broad observation concerns a policy aspect that is prob-
ably very important in practice, but which is very uncomfortable for
economists. It is the area that environmentalists refer to as “win-win”
situations. These are situations where reducing energy use or carbon
dioxide emissions makes a company more profitable or lets a nonprofit
organization free up valuable resources. Economists tend to be skepti-
cal of such opportunities, because it is an article of faith for them that
profit-maximizing firms do not systematically leave hundred dollar
bills on the table. Others seem to see such opportunities as pervasive.
It is not uncommon to hear claims that increasing energy efficiency
would yield double-dividends. On the one hand, it would decrease
emission of greenhouse gases; on the other hand, such improvements
would pay for themselves.

My experiences as a kind of CEO at Harvard have frankly made me
more sympathetic to these claims than my previous experience as an
academic economist. I have come to see that what economists would
call agency problems often lead to inefficiency. At Harvard, for
example, building architects were judged on what their designs cost per
square foot to build with no attention paid to subsequent operating
costs. Similarly, those with construction responsibility were judged on
whether they brought a building in under or over projected cost, not
on what happened to energy outcomes. It is little wonder campus
buildings are often less energy-efficient than optimal, and that oppor-
tunities to make marginal investments in energy efficiency with an
internal rate of return far greater than any sensible hurdle rate – of 15
or even 20 or 30 percent – are forgone. Establishing the so-called
“green campus fund” during my tenure had the effect of changing bud-
geting procedures to recognize some of these impacts. The gains were
substantial.

I doubt that Harvard is unique in not providing all the right internal
incentives for energy efficiency. The appropriate policy to address this
reality is less clear. I worry about trying to overcome these internal
problems of corporations with regulation that by its nature is likely to
be imperfectly targeted. Universal government standards cannot be the
answer. Voluntary efforts associated with ideas like the “triple bottom
line” seem more fruitful to me, but it is hard for them to be the basis
for binding national commitments. We now have a rich theory of why
and how firms exhibit what Harvey Leibenstein called “x-inefficiency,”
based on the problems of harmonizing internal incentives (Leibenstein
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1966). These kinds of problems are probably even more important in
the case of public enterprises and firms in complex environments where
maximizing profits may not be the most important objective. Applying
some of these ideas to the environmental area would seem to be very
fruitful.

There is an additional aspect related to efforts to force technological
improvements. A great deal of experience with public policies ranging
from new weapon systems to infrastructure projects such as Boston’s
“Big Dig,” to programs such as Medicare prescription drugs suggests
that the costs of new public initiatives that represent a step into the
unknown typically exceed initial estimates by a wide margin. On the
other hand, in the environmental area, the tendency has been the oppo-
site, most conspicuously in the case of sulfur dioxide control programs
introduced to control acid rain. Once commitments were made, the
costs were much less than initially predicted.

One plausible hypothesis as to why the experience is so different in
the environmental area comes from considering the sources of fore-
casts. Weapon systems, infrastructure projects, and entitlement pro-
grams all have cost estimates produced by or at least relying on
information from those who strongly support them. The major source
of information on the costs of environmental policies is likely to be
businesses who would rather avoid new regulation and who may
underestimate the new technologies that will be created if sufficient
incentive is provided. It may be right to extrapolate somewhat from
previous environmental initiatives and conclude that the cost of policy
commitments may actually prove over time to be less than now
appears.

Conclusion

In the physical and life sciences, it is taken for granted that basic
research pays off remarkably over time. No one doubts that research
on the inner working of cells unconnected to any particular disease will
pay off over the long run, or fails to recognize that fundamental
research on quantum theory ultimately pays off in new materials or
even that sophisticated research in pure mathematics pays dividends in
the encryption algorithms that protect our privacy. It often seems less
intuitive that basic research pays off in the social scientific realm. Yet
over time the impacts can be very large. I remember back in the 1970s,
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when the idea of market-based solutions to environmental problems
was first put forward and was being dismissed as “licensing pollution.”
Auction theory was seen as a mathematical economist’s plaything for
many years but has come to shape public policy in areas as disparate
as the leasing of government lands, the realizing of spectrum rights,
and indeed the creation of markets for sulfur dioxide. Congestion tolls
were seen as an unworkable and impracticable economic idea when
first put forward and yet have come to be highly successful in manag-
ing traffic and pollution in central London. There are many more such
examples.

If the world is to grapple successfully with a challenge like global
climate change, basic social scientific research in economics, inter-
national relations, organizational theory, and many other branches of
the social sciences can make an important contribution. I commend the
editors and the authors who have contributed to this volume, and I look
forward to the widespread discussion it will undoubtedly generate.
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1 Introduction: International
policy architecture for global
climate change
joseph e. aldy and robert
n. stavins

Exceptionally diverse aspects of human activity result in
greenhouse gas emissions that are the source of anthropogenically
induced global climate change. Such emissions occur in every part

of the world – a coal-fired power plant in the United States, a diesel bus
in Europe, a rice paddy in Asia, and the burning of tropical forest in
South America. Today’s emissions will affect the global climate beyond
our lifetimes – most greenhouse gases reside in the atmosphere for
decades to centuries. The impacts of global climate change pose
serious, long-term risks. Global climate change is the ultimate global-
commons problem, with the relevant greenhouse gases mixing uni-
formly in the upper atmosphere, so that damages are independent of
the location of emissions. Because of this, a multinational response is
required. To combat the risks posed by climate change, efforts that
draw in most if not all countries over the long term will need to be
undertaken. The challenge lies in designing an international policy
architecture that can guide such efforts.

This focus on climate policy architecture reflects the need to establish
a foundation of policy principles and institutional infrastructure to
inform and frame multilateral and national actions. Richard
Schmalensee highlighted the need for a long-term policy architecture in
his 1998 review of the Intergovernmental Panel on Climate Change’s
assessment of policy instruments. He called for the “establishment of
effective institutions for policymaking, as well as a policy architecture
that permits efficient transitions between particular policies. When time
is measured in centuries, the creation of durable institutions and frame-
works 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” (Schmalensee 1998: 141).

The current climate policy architecture has evolved since 1992
under the United Nations Framework Convention on Climate Change
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(UNFCCC) and the Kyoto Protocol. These agreements have provided
several near-term emission goals and commitments for some countries
but have failed to set long-term quantitative goals for the entire inter-
national community. The Kyoto Protocol is merely a first step, stipu-
lating emission targets for industrialized countries through 2012.
Significant interest has focused on designing post-Kyoto policies, either
building on the Kyoto framework or transitioning to a different policy
approach.

This book addresses this need to design a post-2012 international
climate change policy architecture. Building on a May 2006 workshop
at Harvard University that brought together the world’s leading schol-
ars on climate policy architecture, this volume presents six proposals
for successors to the Kyoto Protocol. Some of these proposals clearly
build on the foundation established by the Kyoto agreement, while
others focus on the need for developing an entirely new policy infra-
structure. A dozen commentaries provide critical reviews of the policy
designs and political questions raised by the proposals. The book closes
with an epilogue by Thomas Schelling plus our synthesis chapter that
provide insights both for the international policy community regarding
the design of climate policy architecture and for the academic commu-
nity as it considers how to address unresolved research questions.

The next section briefly surveys the state of climate science to estab-
lish the need for policies to mitigate climate change risks. We then
describe the evolution of global climate policy architecture from the
UNFCCC through the Kyoto Protocol. After describing the current
policy architecture, we elaborate on the strengths and weaknesses of
the UNFCCC/Kyoto Protocol and look beyond the Kyoto Protocol,
with a discussion of post-2012 policy processes. The final part of the
chapter provides an overview of the six proposals and their associated
commentaries for post-2012 climate policy architectures that serve as
the core of this book.

Human activities and the global climate

Over the past several decades, progress in global climate change
research has found with increasing levels of confidence that human
activities are affecting and will continue to affect the global climate.
Over the last century, global anthropogenic emissions of carbon
dioxide (CO2) from fossil fuel combustion increased from 0.5 billion
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metric tons of carbon to 6.7 billion metric tons annually. Over this
same time, the atmospheric concentration of carbon dioxide increased
from 295 parts per million (ppm) to 369 ppm. From 1900 to 2000,
global average temperatures increased by 0.6°C (1°F), with the 1990s
the warmest decade on the instrumental record (dating to 1861), and
likely the warmest decade in 1,000 years in the Northern Hemisphere.
During the twentieth century, sea levels rose on average 10 to 20 cen-
timeters (Marland, Boden, and Andres 2006; Neftel et al. 1994;
Keeling and Whorf 2005; IPCC 2001).

The state of knowledge has improved with respect to detection and
attribution of the human impact on climate as summarized period-
ically by the Intergovernmental Panel on Climate Change (IPCC).
Established by the World Meteorological Organization and the United
Nations Environment Programme in 1988, the IPCC convenes thou-
sands of natural and social scientists periodically to review and syn-
thesize the state of scholarly research on global climate change for the
policy community. The IPCC has published four major assessments of
the climate change literature, and with each review the IPCC has found
stronger evidence of human impacts on the global climate.

In its first assessment, the IPCC (1990) reported that greenhouse gas
emissions from human activities were increasing atmospheric concen-
trations of these gases. Reflecting on the quickly expanding academic
literature on climate science, the IPCC concluded in its second assess-
ment report that “the balance of evidence suggests a discernible human
influence on global climate” (IPCC 1996: 4). In its third assessment
report, the IPCC stated “[M]ost of the observed warming over the last
50 years is likely to have been due to the increase in greenhouse gas
concentrations. Furthermore, it is very likely that the twentieth-century
warming has contributed significantly to the observed sea level rise,
through thermal expansion of seawater and widespread loss of land
ice” (IPCC 2001: 10).

In response to a request in the United States by the George W. Bush
Administration to review the IPCC’s conclusions on climate science, a
committee of the National Academy of Sciences agreed with the IPCC’s
general findings. The National Academy committee opened its 2001
report by stating: “Greenhouse gases are accumulating in the Earth’s
atmosphere as a result of human activities, causing surface air temper-
atures and subsurface ocean temperatures to rise. Temperatures are, in
fact, rising” (National Research Council 2001: 1).
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The IPCC stated in its fourth assessment report that “warming of the
climate system is unequivocal, as is now evident from observations of
global average air and ocean temperatures, widespread melting of
snow and ice, and rising global mean sea level” (IPCC 2007: 4). Having
established that the global climate is warming, the IPCC concluded
that “understanding of anthropogenic warming and cooling influences
on climate has improved since the Third Assessment Report, leading to
very high confidence that the globally averaged net effect of human
activities since 1750 has been one of warming” (IPCC 2007: 3; empha-
sis in original). With 90 percent confidence, the IPCC attributed most
of the warming over the past half-century to the increase in anthro-
pogenic greenhouse gas concentrations.

The IPCC (2007) forecasts accelerated warming under a variety of
scenarios. Even if atmospheric concentrations of greenhouse gases
could be held constant at the year 2000 levels through the twenty-first
century, the global climate would still warm 0.6ºC (�/� 0.3ºC). Under
a variety of long-term emission scenarios, temperature increases could
range from 1.1 to 6.4ºC by 2100.

The changing climate will result in a myriad of impacts. The sea level
will rise, on average globally, about 20 to 60 centimeters through 2100.
The severity and frequency of hurricanes, floods, droughts, and other
extreme weather events may increase. Heat waves will become more
common. Agricultural, fishery, and forest productivity will change,
with adverse impacts more likely with higher levels of warming. The
ranges of vector-borne diseases such as malaria will expand. Some
species of plants and animals, especially those inhabiting unique
ecosystems, may be at risk as the climate changes, especially since the
rate of change may exceed their capacity to migrate and adapt. The
capacity to adapt to such impacts, as evident by endowments of human
capital and technology as well as effective government institutions,
varies substantially around the world, and such heterogeneity in cap-
acity may persist for some time.

The potential risks from increasing atmospheric greenhouse gas con-
centrations include potential catastrophic events. A warmer world may
weaken the Atlantic Ocean’s thermohaline circulation – the Gulf
Stream that currently carries warm water from the Caribbean north
and east to Europe – resulting in colder temperatures and different pre-
cipitation patterns for Europe as the rest of the world warms. A chang-
ing climate could also result in relatively rapid and large increases in
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sea level – on the order of ten or more meters – if Greenland or the West
Antarctic ice sheet effectively melts. A warmer climate may induce
strong, positive feedbacks, such as through the release of large amounts
of methane from thawing of permafrost.

The global, long-term impacts of increasing emissions of greenhouse
gases provide some insights about how to design policies to address
climate change. A ton of carbon dioxide has the same effect on
the global climate regardless of whether it is emitted in Shanghai,
Stockholm, or San Francisco. This ton of carbon dioxide could remain
in the atmosphere for more than a hundred years. Moreover, most other
greenhouse gases are both more potent than and longer lasting in the
atmosphere than carbon dioxide. Uncertainty about the effect of a ton
of carbon dioxide on the climate and the small probability of major
events does not suggest inaction. Rather, such uncertainty commends
policy action as a hedging strategy or insurance policy as more infor-
mation about climate science is developed (Manne and Richels 1992).

These characteristics of the climate change problem, as noted by
Lawrence Summers of Harvard University in his Foreword to this
book, also provide formidable challenges for effective policy responses.
The long-term effects of climate change raise questions about how we
weight the welfare of today’s generation versus the welfare of future
generations in making decisions. The decade- to century-long time
frame of climate change does not square well with the shorter political
time horizon that most elected officials operate under. The uncertainty
about the impacts of climate change requires the pursuit of flexible
policy approaches that are robust under a variety of possible climate
change scenarios. The global nature of the problem calls for interna-
tional cooperation, and, as Summers suggests, considerable imagin-
ation will be required to design climate policy architectures that can
effectively address these challenges.

The evolution of climate change policy architecture

The United Nations Framework Convention on Climate
Change (UNFCCC)

The global-commons nature of the climate change problem motivated
several international conferences in the 1980s to consider coordinated
goals and policies. In 1990, the United Nations General Assembly,
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based in part on the IPCC’s first assessment report, initiated negoti-
ations for a multilateral framework to address the risks posed by global
climate change. This negotiation process resulted in the United Nations
Framework Convention on Climate Change, signed at the United
Nations Conference on Environment and Development in Rio de
Janeiro, Brazil in 1992. The US Senate voted unanimously to ratify the
agreement later that year, and the treaty entered into force in 1994.
With 190 countries as parties to the UNFCCC, this treaty enjoys
broader participation than nearly any other multilateral agreement.

The UNFCCC created a global policy architecture with four key ele-
ments: a general long-term environmental goal; a near-term environ-
mental goal with specific quantitative targets; concerns about equity;
and preference for cost-effective implementation.1 These elements are
important because they have largely defined international policy archi-
tecture to address climate change since 1992.

The UNFCCC recognized the very long-term impacts of greenhouse
gas emissions by setting a long-term environmental goal. The UNFCCC
established as the primary objective of climate change policy the
“stabilization of greenhouse gas concentrations in the atmosphere at
a level that would prevent dangerous anthropogenic interference
with the climate system” (Article 2). Although the world community
agreed that climate change policy should strive to maintain atmos-
pheric greenhouse gas concentrations at a “safe level,” they did not
articulate what this meant. Some suggested quantifying this objective
with a long-term greenhouse gas concentration stabilization goal (e.g.,
550 parts per million – about double preindustrial carbon dioxide con-
centrations) or a temperature increase stabilization goal (e.g., 2ºC
above current levels). However, in the absence of consensus within the
scientific, economic, and political communities, negotiators at subse-
quent Conferences of the Parties (COPs) to the UNFCCC did not agree
to specific quantitative expressions of the ultimate objective.

The UNFCCC set a near-term goal for industrialized countries, con-
sisting of most members of the Organisation of Economic Co-operation
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and Development (OECD) and most countries with economies in tran-
sition (together, forming the so-called Annex I countries in the treaty).
These countries agreed to a nonbinding aim to stabilize their green-
house gas emissions at 1990 levels starting in 2000. This focus on a
country’s “output” instead of its actions or “inputs” created the prece-
dent that policy commitments would take the form of quantitative
emission targets. This approach also created the precedent for country-
level discretion about how to implement policies to meet those targets.
Compliance with these voluntary goals was not impressive – most coun-
tries with year 2000 emissions below their 1990 levels met their goal
through substantial economic decline and transformation (e.g., Russia
and Germany, the latter because of reunification) or non-climate-related
energy sector reforms (e.g., the United Kingdom).

Reflecting concerns about equitable burden sharing, the UNFCCC
declared that the principle of “common but differentiated responsibil-
ities” (Articles 3 and 4) should guide climate change policy. This trans-
lated into a very clear policy dichotomy between the industrialized
countries and the developing countries. Industrialized countries took
on emission targets, but developing countries had no quantitative emis-
sion goals or any other policy obligations. OECD member countries
also had financial and technology transfer obligations to developing
countries. The “obligations” of developing countries include occa-
sional reporting on their climate vulnerabilities and climate change
policies, monitoring and reporting of greenhouse gas emissions, and
accepting financial and technology transfers from OECD countries.

To provide some experience with cost-effective implementation poli-
cies, the UNFCCC established a pilot program for so-called “Joint
Implementation” (JI). This would allow an industrialized country to
invest in an emission-reducing project in a developing country and use
the emission reductions toward its 2000 emission goal. It was thought
that allowing industrialized and developing countries to implement
such projects jointly would exhibit some of the potential for emission
trading to lower costs of achieving emission goals. This project-based
emission trading draws on the fundamental characteristics of green-
house gases – they mix globally and reside in the atmosphere for very
long periods of time – so the climatic impact of an emission reduction
does not vary with location. A broad and efficient emission trading
program would have the potential to reduce emissions at lowest possi-
ble cost, by providing market-based incentives for emission sources to
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seek out the least-cost emission abatement opportunities. But the pilot
program resulted only in a modest number of jointly implemented
emission reduction projects.

The Kyoto Protocol

At the UNFCCC’s first Conference of the Parties in Berlin, Germany,
in 1995, the international community decided to begin a new round of
negotiations for a second set of commitments by industrialized coun-
tries. The “Berlin Mandate” called for commitments by industrialized
countries after 2000 and reiterated the UNFCCC’s “common but dif-
ferentiated responsibilities” language in effectively exempting devel-
oping countries from emission commitments. The following year at the
second COP in Geneva, Switzerland, the United States advocated in
favor of binding quantitative emission commitments. These two years
of negotiations set the stage for the third COP in Kyoto, Japan, in
December, 1997.

On the eleventh day of the ten-day Kyoto conference, the parties to
the UNFCCC agreed on the terms of what came to be known as the
Kyoto Protocol. This agreement built on the foundation laid by the
Framework Convention on Climate Change, by serving as the first step
toward the UNFCCC’s ultimate objective through ambitious, near-
term quantitative targets for industrialized countries with policy mech-
anisms for cost-effective implementation.

The Kyoto Protocol established emission commitments for industri-
alized countries for the 2008–2012 time frame, the so-called first com-
mitment period. As such, it was intended to be a first step toward a
long-term, but still unspecified objective. Several European countries
initially advocated much longer-term emissions, concentrations, and
temperature goals, but these received limited attention at the Kyoto
conference. Instead, industrialized countries agreed to ambitious,
binding quantitative emissions targets for the 2008–2012 commitment
period. At the time, the agreement was expected to result in industri-
alized countries’ emissions declining in aggregate by 5.2 percent below
1990 levels.

A grand bargain to secure acceptance by countries with concerns
about the economic burden of these targets included an array of market-
based mechanisms to promote cost-effective implementation. The
Kyoto Protocol created tradable emission allowances for industrialized
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countries with quantitative targets that would serve as the basis for an
international emissions market. This same set of countries could also
engage in JI projects among each other. The agreement also established
the Clean Development Mechanism (CDM), a framework for JI pro-
jects to generate emission reductions in developing countries that would
be financed and used as credits by industrialized countries to satisfy
(partially offset) their targets.

The agreement included other elements of flexibility to promote cost-
effectiveness. The five-year commitment period allowed for implicit
trading over time – short-term banking and borrowing. A country’s
annual emissions could fluctuate between 2008 and 2012, for example,
because of business-cycle effects or weather variations, as long as that
country’s aggregate, five-year quantitative emissions did not exceed its
five-year emissions budget under the agreement. In addition, creating
commitments based on a basket of all six types of greenhouse gases
would allow for implicit inter-gas trading. For example, if a country
with a 1990 target could abate methane at lower cost than carbon
dioxide, then it would have the flexibility to lower its total cost of com-
pliance by reducing methane more than carbon dioxide so long as the
carbon equivalent for all greenhouse gases equaled the 1990 level.

The Kyoto Protocol stipulates that industrialized countries’ quanti-
tative emission commitments are legally binding. If a country’s emis-
sions exceed its target for the 2008–2012 period, then it is obligated to
“repay” those tons in the second commitment period plus a 30 percent
penalty. For example, if a country had 10 million tons of carbon equi-
valent in excess of its target over 2008–2012, then it would have to
reduce its emissions 13 million tons below its second commitment
target. The Protocol, as in most international treaties, also includes a
provision for a country to withdraw from the agreement simply by
stating its intent to do so and waiting one year after notification of
withdrawal.

As in the UNFCCC, the Kyoto Protocol calls only on industrialized
countries to limit their emissions, requiring no emission restrictions or
other greenhouse gas policies of any kind for developing countries.
Developing countries can participate in the global effort to address
climate change by cooperating in CDM projects, submitting reports to
the United Nations, and benefiting from technology transfer.

The Kyoto Protocol did not settle all climate policy issues; negoti-
ations at the next four COPs addressed a variety of implementation
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details in the Kyoto agreement. After the 2001 COP in Marrakech,
Morocco, industrialized countries began to ratify the Kyoto Protocol.
By that time, however, the George W. Bush Administration in the
United States had declared that the United States would not ratify the
Kyoto Protocol. The Government of Australia soon thereafter echoed
its lack of support. Despite the withdrawal of these two countries, the
Kyoto Protocol entered into force in 2005, having met the dual require-
ments that 55 countries had ratified the agreement and jointly
accounted for 55 percent of 1990 Annex I emissions.

Strengths and weaknesses of the existing international
policy architecture

The international climate policy architecture embodied in the Kyoto
Protocol, building on the foundation provided by the UNFCCC, has
been both lauded and criticized. To provide context for the most fre-
quently identified strengths and weaknesses of the Kyoto Protocol, we
identified six important criteria for evaluating climate policy architec-
tures in previous work with our co-author (and contributor to this
volume) Scott Barrett. We employed the following six criteria to frame
our assessments of the Kyoto Protocol and alternative climate policy
architectures: (1) environmental outcome; (2) dynamic efficiency;
(3) dynamic cost-effectiveness; (4) distributional equity; (5) flexibility in
the presence of new information; and (6) participation and compliance.

Environmental outcome refers to a policy’s time path of emissions or
concentrations of greenhouse gases, or the impacts of climate change. A
dynamically efficient policy maximizes the aggregate present value of net
benefits of taking actions to mitigate climate change impacts. The crite-
rion of dynamic cost-effectiveness refers to the identification of the least
costly way to achieve a given environmental outcome. Distributional
equity refers to the distribution of both benefits and costs across popu-
lations within a generation and across generations, and can account for
responsibility for climate change, ability to pay to reduce climate change
risks, and other notions of equity. Given the significant uncertainties that
characterize climate science, economics, and technology, and the poten-
tial for learning in the future, a flexible policy infrastructure built on a
sequential decision-making approach that incorporates new informa-
tion may be preferred to more rigid policy designs. Finally, incentives
for participation and compliance are important, since a climate policy
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architecture that cannot promote participation and compliance will not
satisfactorily address the climate change problem (refer to Aldy, Barrett,
and Stavins 2003 for more details on these criteria).

Strengths of the Kyoto Protocol

To some degree, the Kyoto Protocol fares well on the cost-effectiveness
criterion in terms of creating market-oriented institutions and rules,
including international emission trading, broad coverage of emission
sources and sinks, and some temporal flexibility in complying with
emission commitments. These market-based approaches, by lowering
marginal and total costs of a climate change policy, can deliver envir-
onmental benefits at lower cost than without such provisions. The
European Union, formerly a critic of emission trading, launched the
world’s largest emission trading market in 2005. The lessons learned
by countries participating in the Kyoto Protocol will benefit future pol-
icymakers as they endeavor to revise and improve the climate change
policy architecture. On the other hand, the cost-effectiveness of the
agreement is severely limited by its virtual exclusion of developing
countries and its abrupt, short-term targets.

This same focus on industrialized countries, however, comports well
with several notions of distributional equity. First, the Kyoto Protocol
calls on those countries responsible for most of the anthropogenic
greenhouse gases in the atmosphere to adopt the first binding emission
commitments. Second, these countries have a much greater ability to
pay for emission mitigation than the poorer, developing countries
without commitments.

Weaknesses of the Kyoto Protocol

The most glaring weakness in the Kyoto Protocol is obvious: three of
the five largest greenhouse gas emitters in the world do not face con-
straints on their emissions. China and India do not have quantitative
emission targets, and Russia’s Kyoto Protocol commitment is so gen-
erous that it is unlikely to bind before 2012. In addition, the largest
greenhouse gas contributor, the United States, has not ratified the
agreement. These omissions raise questions about the environmental
outcome, dynamic efficiency, cost-effectiveness, and the incentives for
participation in the Kyoto agreement.
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The environmental benefits from the Kyoto Protocol are likely to be
quite modest, particularly without US participation. Moreover, the
agreement does not stipulate medium- or long-term emission goals. The
absence of a long-term goal, although at an apparent detriment in terms
of the environmental outcome, may be helpful in light of the policy
flexibility criterion. Setting quantitative commitments only through
2012 allows for the international policy community to respond to
future information and adapt policy tools and goals accordingly. The
Kyoto approach of simply focusing on the near-term may be inferior,
however, to one that sets long-term goals and allows for policy flexibil-
ity in deciding on short-term goals and means of implementation.

The Kyoto Protocol imposes costs on some sources, primarily those
in countries with emission commitments, but no costs on sources
outside these industrialized nations. This discrepancy in costs lowers
the cost-effectiveness of the policy. The difference in costs across coun-
tries can also cause emission leakage – carbon-intensive firms in coun-
tries with emission commitments and high costs may relocate some
operations to countries without commitments, where costs are there-
fore less. This can further reduce the efficiency and the environmental
benefits of the agreement.

In theory, establishing market-based institutions could promote sub-
stantial cost-savings, but the failure to include the United States, China,
and India eliminates much of the potential gains from trade. This illus-
trates the trade-off between approaches that promote efficiency and
cost-effectiveness and concerns about equity embodied by the notion
of “common but differentiated responsibilities.” As an emission
reduction credit program operating outside the Kyoto Protocol’s cap-
and-trade system, the Clean Development Mechanism (CDM) suffers
from the problem of unobservable, hypothetical baselines for all
credits. In addition, the cumbersome bureaucracy associated with
project review under the CDM may serve as an example of how not to
design an emission trading program.

The Kyoto Protocol clearly does not provide sufficient incentives for
participation (take, for example, the United States’ withdrawal, and
the lack of developing country commitments) and may provide inade-
quate incentives for compliance. Even worse, the agreement effectively
prohibits developing countries from voluntarily joining the set of
industrialized countries with emission commitments. Argentina chal-
lenged this idea with a proposal for an emission commitment in 1999,
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but it received little support for modifying the Kyoto Protocol to allow
for voluntary accession. Finally, the provision in the Kyoto Protocol for
withdrawal from the agreement suggests that “legally binding com-
mitments” may not be so binding, thereby weakening incentives for
compliance.

Despite the various shortcomings of the Kyoto Protocol and its rejec-
tion by the United States and Australia, the Protocol entered into force
in February of 2005. Leading up to the Kyoto Protocol’s first commit-
ment period (2008–2012), some industrialized countries have begun to
consider or implement policies to abate their greenhouse gas emissions.
The European Union (EU) launched its Emission Trading Scheme in
2005 to cover approximately half of the carbon dioxide emissions of
EU member countries, primarily from power plants and large indus-
trial boiler facilities. Since 1997, Japan has promoted emission abate-
ment through implementation of the Keidanren Voluntary Action
Plans on the Environment, which aim to limit carbon dioxide emissions
in thirty-four industries to their 1990 levels by 2010 (Government of
Japan 2006). As of the end of 2006, industrialized countries had
financed nearly 500 approved and registered CDM projects in devel-
oping countries. The Kyoto Protocol and the UNFCCC will serve as
the starting point, either as a foundation or a point of departure for
future climate change policy architectures.

Looking beyond Kyoto

As the industrialized countries prepared for the Kyoto Protocol’s first
commitment period (2008–2012), the international policy community
began to consider policies beyond Kyoto at the 2005 COP in Montreal,
Canada. One process, based on a provision under the Kyoto Protocol,
initiated negotiations on emission commitments for the industrialized
countries in the post-2012 period. This process would not provide an
opportunity to incorporate countries currently without emission com-
mitments under the Protocol – including the United States, China, and
India. A second process established a “dialogue” among all countries
under the UNFCCC to discuss various “approaches for long-term
cooperative action to address climate change” (Decision CP.11, 2005
Montreal COP to the UNFCCC). This second process was designed to
be much more open-ended, and neither limited the consideration of
any policy options nor mandated a new negotiating process.
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In addition to these ongoing UN-sponsored negotiations and con-
ferences on climate change policy, world leaders have also pursued
several alternative venues for considering policy responses to the
climate change problem. In 2004, Paul Martin, then Prime Minister
of Canada, proposed an L20 group of leading nations to address an
array of transnational issues, including global climate change. This
group, composed of the leaders of twenty major developed and devel-
oping countries, would have included all of the largest emitters of
greenhouse gases and representatives from every region of the world.
By focusing on a much smaller number of countries in discussing
climate change policy, Prime Minister Martin envisioned a more effi-
cient process for developing new ideas and policies. In 2006 and early
2007, a series of preparatory meetings were held to discuss and
advance the establishment of a leader’s forum on climate change and
energy security issues.

In a similar vein, the United Kingdom, as host of the 2005 G8
Summit in Gleneagles, Scotland, launched a G8�5 Climate Change
Dialogue. This dialogue included the Group of Eight member countries
(Canada, France, Germany, Italy, Japan, Russia, the United Kingdom,
and the United States) plus five key developing countries (Brazil, China,
India, Mexico, and South Africa). At the Gleneagles Summit, four
policy-oriented working groups were launched on adaptation, energy
efficiency, market-based mechanisms, and technology transfer. The
Dialogue established a series of meetings for representatives of the thir-
teen countries in the four working groups through at least the 2008 G8
Summit in Japan. The Dialogue did not, however, reach agreement on
any major policy architecture proposals at the Gleneagles Summit.

In 2005, the United States engaged five developed and developing
countries to initiate climate-related technology cooperation through
the Asia-Pacific Partnership on Clean Development and Climate.
Australia, China, India, Japan, South Korea, and the United States
established a series of task forces comprising representatives of their
public and private sectors to address climate change and energy issues
in several energy-intensive and energy-producing industries. The part-
nership charges these task forces with the goal of accelerating the
development and deployment of clean energy technologies. This effort
does not, however, provide a broader framework to guide climate
policy and the founding agreement explicitly notes that this partner-
ship serves as a complement to the Kyoto Protocol.
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In civil society, other efforts have been undertaken to provide venues
for the discussion of post-Kyoto climate change policy architectures.
For example, the Pew Center on Global Climate Change, based in
the United States, convened a “Climate Dialogue” at the Pocantico
conference center in Tarrytown, New York, in 2004 and 2005. This
Dialogue promoted informal discussion of various climate policy ideas
by policymakers and stakeholders from fifteen developed and devel-
oping countries. In November of 2005, the participants agreed to a set
of policy elements that they believed could strengthen the multilateral
approach to climate change and merit consideration by the interna-
tional policy community (Climate Dialogue at Pocantico 2005).

Proposals for the Post-Kyoto world

Some policymakers and scholars have been critical of the Kyoto
Protocol, noting that because of specific deficiencies it will be ineffec-
tive for the problem, and relatively costly for the little it accomplishes.
Others have been more supportive of the Protocol, noting that it is
essentially the “only game in town.” Both sides agree, however, that
whether this first step is good or bad, a second step will be required.
Given the global-commons nature of the climate change problem, a
central element of the second step will most likely be an international
agreement. The basic shape and structure of that international agree-
ment – its architecture – is the focus of this book.

In May 2006, the Harvard Environmental Economics Program, with
the support of the Harvard University Center for the Environment and
the Belfer Center for Science and International Affairs, hosted a two-
day workshop at the John F. Kennedy School of Government in
Cambridge, Massachusetts. The workshop brought together twenty-
seven leading thinkers from around the world who approach the
climate policy architecture question from a variety of perspectives,
including economics, law, political science, business, international rela-
tions, and the natural sciences (refer to Table 1.1 for a list of the work-
shop participants and their affiliations).

For the workshop and this book, the Harvard Environmental
Economics Program commissioned six papers that propose specific
international policy architectures to succeed the Kyoto Protocol.
Accompanying each paper are two commentaries, some of which
provide their own visions for future policy architectures. Both the
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proposals and the commentaries were presented at the two-day work-
shop and received substantial discussion and comments. The authors
incorporated these comments in revising and refining their contribu-
tions for this volume.

We categorize these six proposals and their associated commentaries
into three principal types of architectures: (1) targets and timetables;
(2) harmonized domestic actions; and (3) coordinated and unilateral
policies. In the remainder of this introductory chapter, we provide an
overview of the chapters that follow, including two final chapters that
synthesize the key insights from the proposals.
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Table 1.1 Participants at May 2006 workshop on architectures for
agreement: addressing global climate change in the post-Kyoto world

Joseph Aldy Resources for the Future
Scott Barrett Johns Hopkins University
Daniel Bodansky University of Georgia
Carlo Carraro Università Ca’Foscari Venezia
Richard Cooper Harvard University
Daniel Esty Yale University
Brian Flannery Exxon-Mobil
Jeffrey Frankel Harvard University
Joyeeta Gupta Vrije Universiteit Amsterdam
James Hammitt Harvard University
Chris Harrison Cambridge University Press
Thomas Heller Stanford University
Henry Jacoby Massachusetts Institute of Technology
Axel Michaelowa Hamburg Institute
Juan-Pablo Montero Pontificia Universidad Católica de Chile
Richard Morgenstern Resources for the Future
Christopher Mottershead BP
Sheila Olmstead Yale University
Jonathan Pershing World Resources Institute
William Pizer Resources for the Future
Thomas Schelling University of Maryland
Daniel Schrag Harvard University
Robert Stavins Harvard University
Lawrence Summers Harvard University
David Victor Stanford University
Jonathan Wiener Duke University
Peter Wilcoxen Syracuse University



Targets and timetables

The UNFCCC through its voluntary aims and the Kyoto Protocol
through its emission commitments provide illustrations of the targets-
and-timetables approach – quantitative goals over a specified time-
frame. Proposals for targets and timetables for the post-2012 world
expand and modify the current policy architecture. Proposals by
Jeffrey Frankel of Harvard University and Axel Michaelowa of the
Hamburg Institute focus on expanding participation to include devel-
oping countries and the United States, while maintaining the interna-
tional emission trading institutions that can address cost concerns and
serve as a means for eliciting participation by reluctant countries.

Frankel presents his ideas for a climate policy architecture along
these lines in chapter 2, “Formulas for Quantitative Emission Targets.”
Frankel proposes the use of a sequence of formulas that combine his-
toric greenhouse gas emissions, population, income, and other vari-
ables to set country-level decade-by-decade quantitative targets. These
formulas would be specific to different classes of countries, primarily
based on income, and evolve over time as more countries adopt emis-
sion commitments. In the long term, all countries would have equal per
capita emission targets. Formulas for near-term emission targets
should be progressive, in Frankel’s view, resulting in more-stringent
targets for countries with higher per capita income. To promote devel-
oping country participation, Frankel endorses international emission
trading and formulas that produce generous near-term targets for
developing countries such that they would benefit from gains from
trade in emission permits. To respond to concerns about uncertainty in
target stringency, Frankel also recommends indexing emission targets
to economic growth.

Daniel Bodansky of the University of Georgia and Jonathan Wiener
of Duke University comment on Frankel’s proposal. Bodansky, in his
commentary “Targets and Timetables: Good Policy but Bad Politics?”,
recognizes the virtues of a cap-and-trade approach but raises questions
about the political viability of a formula-based system of setting targets.
In the near term, Bodansky argues that developing countries have
rejected and would continue to reject proposals like Frankel’s, and
questions whether the United States would embrace a Kyoto-like frame-
work after withdrawing from the Kyoto Protocol. Bodansky then con-
siders whether setting a long-term concentration target (e.g., 450 ppm)
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could enhance salience and public interest in addressing climate change
and thereby catalyze action. He concludes with questions about the
need for a top-down architecture versus an evaluation of what can be
achieved through a decentralized, bottom-up approach – an issue
addressed in several chapters and commentaries in this volume.

Wiener, in his commentary “Incentives and Meta-Architecture,” dis-
cusses Frankel’s ideas within the context of climate policy architecture
and the larger suite of multilateral institutions and structure of inter-
national relations. He challenges the idea that countries would allow
for a quantitative formula to substitute for negotiated allocation of
targets. Instead, he suggests that the sequence of formulas Frankel rec-
ommends could serve as a “conversation-starter” to frame future nego-
tiations. Wiener is not persuaded that setting near-term aggregate
emission goals more stringently than benefit-cost analysis indicates is
efficient would promote long-term credibility, and advocates a long-
term emission pathway based on benefit-cost analysis. His focus on
meta-architecture results from the need to elicit national consent for
multilateral policies given the absence of a supranational institution
that can coerce action. Wiener suggests that a successful and robust
climate policy architecture will need side payments or an explicit
consideration of development objectives to secure developing country
participation.

Michaelowa also builds on the Kyoto Protocol framework with his
proposal in chapter 3, “Graduation and Deepening.” He rejects
benefit-cost analysis in setting long-term goals and instead embraces
an indicative greenhouse gas atmospheric concentration target of 550
ppm. This long-term goal motivates his proposal for emission com-
mitments more stringent over 2013–2017 than during the Kyoto com-
mitment period – on average, 23 percent below 1990 levels during this
second period. To expand the set of countries with commitments,
Michaelowa advocates a graduation index, based on a country’s per
capita income and per capita emissions, which would determine when
a developing country would “graduate” to emission targets. The strin-
gency of targets would vary across countries, in part a function of their
graduation index. This proposal includes near-term commitments for
the United States and Australia, and a number of developing countries,
including Mexico and Brazil, but not China and India. Michaelowa
also supports international emission trading and a more flexible Clean
Development Mechanism.
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Richard Cooper of Harvard University and Joyeeta Gupta of Vrije
Universiteit Amsterdam comment on Michaelowa’s proposal. Cooper
criticizes the Kyoto-style targets and timetables in “Graduation and
Deepening,” and advances the idea of a harmonized carbon tax in his
commentary “Alternatives to Kyoto: The Case for a Carbon Tax.”
Cooper disagrees with Michaelowa’s decision to reject benefit-cost
analysis and argues that the high costs of a stringent long-term atmos-
pheric stabilization goal would be unacceptable to the general public. He
also expresses concerns that allocating emission permits and allowing
for international emission trading may suffer from favoritism and cor-
ruption in many countries. Instead, Cooper recommends a carbon tax
levied domestically by individual national governments and harmonized
across all countries. He argues that such a tax could result in the same
cost-effective mitigation of emissions as an efficient trading program,
but without the large income transfers that could support corruption in
some developing and transition countries. Cooper suggests setting the
tax initially at $50 per ton of carbon and updating it regularly to account
for improved knowledge over time about abatement costs and tech-
nologies and the climatic impact of greenhouse gas emissions.

Gupta provides a more supportive assessment in her commen-
tary “Beyond Graduation and Deepening: Toward Cosmopolitan
Scholarship.” She embraces Michaelowa’s long-term atmospheric
concentration goal and recommends the precautionary principle as a
tool for guiding policy. The more stringent near-term targets and the
differentiation among countries – based on the polluter pays (emissions
per capita) and ability to pay (income per capita) principles – are also
in line with Gupta’s own proposal for a climate policy architecture.
Like Michaelowa, Gupta’s approach places countries in various cate-
gories of commitments based on their incomes and emissions but also
focuses on “mainstreaming” or linking climate policy to other inter-
national policy issues, including trade, investment, and development.
Gupta describes the potential for litigation and local and state actions
to advance efforts to address climate change, and calls for ways to
promote good governance and rule of law at the international level.

Harmonized domestic actions

Instead of the UNFCCC/Kyoto approach that attempts to create a
new international institutional infrastructure, some have advocated
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international policy architectures that would essentially accept and
adapt to the limits of international institutions. National governments
do not cede their sovereignty when they establish global institutions,
and some have argued that because of this the design of policy archi-
tectures should focus on national and, in some cases, regional institu-
tions. David Victor of Stanford in chapter 4 and Warwick McKibbin
of Australian National University and Peter Wilcoxen of Syracuse
University in chapter 5 propose policy architectures that attempt to cir-
cumvent the disadvantages of global institutions by harmonizing
actions across national and regional institutions.

Victor elaborates on the weaknesses of the Kyoto-style architecture
and advocates a decentralized approach in “Fragmented Carbon
Markets and Reluctant Nations: Implications for the Design of Effective
Architectures.” His critique of the status quo approach begins with the
fundamental difficulty of securing participation in an international
agreement that must be perceived by all countries as in their individual
interest for them to join. Victor then challenges the conventional wisdom
about the key elements in the Kyoto Protocol, including binding targets,
international emission trading, and compensation for developing
country participation through the Clean Development Mechanism.
These criticisms motivate his alternative approach to climate change
policy that allows for variable geometry of participation. On process,
Victor suggests that a small group of the most important countries in
terms of climate change should engage in negotiations on these variable
forms of participation. This would involve some country-level pledges
of action and could also follow, in part, from fragmented carbon markets,
such as the EU Emission Trading Scheme, in order to harmonize the price
of carbon across participating countries. Victor’s proposal concludes on
the topic of developing country participation with the goal of refocusing
climate change actions in terms of issues of interest to these countries,
such as energy development, local air pollution, and other issues.

Carlo Carraro of the Università Ca’Foscari Venezia and Sheila
Olmstead of Yale University comment on Victor’s proposal. Carraro’s
commentary “Incentives and Institutions: A Bottom-Up Approach
to Climate Policy” applauds Victor’s emphasis on participation incen-
tives as the starting point for designing a climate policy architecture.
Carraro compares Victor’s political science-oriented assessment of exist-
ing policy institutions and carbon markets with the game-theoretic lit-
erature in economics that arrives at the same conclusion: the incentives
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to free ride are strong without a coercive supranational institution. This
economic analysis also supports the idea of an evolution of “climate
blocs” of countries through a bottom-up process, in a similar fashion as
regional trade pacts evolve and complement global trade agreements.
Carraro raises several outstanding questions about Victor’s proposal,
including whether this approach can generate sufficient effort to address
climate change, whether it can do so in a measurably equitable manner,
and how the focus on mitigation should interact with necessary adapt-
ation investments and actions.

Olmstead endorses some of Victor’s critique of the status quo but
takes exception with some elements of his proposal in her commentary
“The Whole and the Sum of Its Parts.” She notes that a climate policy
architecture must address “who,” “how,” and “when.” On the “who”
question, Olmstead agrees that participation does not need to be
universal and likes the focus on a small group of important countries.
She disagrees, however, about “how” and questions the dynamics of
Victor’s proposal. Olmstead supports the use of international emission
trading because it provides incentives for developing country partici-
pation (through generous emission allocations) and incentives for
industrialized countries to invest in developing countries, in contrast
with Victor’s proposal. She concludes that Victor is silent on “when”
and suggests the need for further consideration of the long-term evo-
lution of bottom-up approaches.

McKibbin and Wilcoxen propose an alternative architecture relying
on the strength of domestic institutions in “A Credible Foundation for
Long-Term International Cooperation on Climate Change.” Their pro-
posal relies on an internationally coordinated set of national emission
trading regimes. In a participating country, the government allocates
to the private sector a set of long-term permits that grant the owner the
right to emit a specified amount of carbon equivalent every year for the
life of the permit. In addition, each government offers to sell an unre-
stricted number of annual permits at a predetermined price. Firms
could buy and sell permits within the country, but there would be no
international emission trading. The policy architecture would require
harmonization and coordination of the price of annual permits and
guidance on setting the number of long-term permits. The free alloca-
tion of long-term permits to the private sector, effectively a large wealth
transfer, provides the incentive for these firms to lobby to maintain the
emission trading program over the long term.
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Richard Morgenstern of Resources for the Future and Jonathan
Pershing of the World Resources Institute comment on McKibbin and
Wilcoxen’s proposal. Morgenstern questions the political economy of
their idea and compares it with his work on a safety valve in “The
Case for Greater Flexibility in an International Climate Change
Agreement.” Although he appreciates the elegance of McKibbin and
Wilcoxen’s proposal, Morgenstern expects difficulty in securing broad
international support for a one-size-fits-all domestic architecture. The
current variation in domestic emission mitigation policies among
industrialized countries with Kyoto commitments does not provide
much evidence that a homogenous policy implementation would be
well received. Among other concerns, he also wonders how such an
approach could promote developing country participation without
potential gains from trade through international emission trading.
Morgenstern describes how the McKibbin and Wilcoxen proposal
differs from his own proposal on a domestic trading program with a
safety valve that would auction permits and allow for firms to buy
additional permits from the government at the pre-set (safety-valve)
price.

Pershing raises questions on the political viability of the McKibbin
and Wilcoxen proposal, and offers ideas about using sustainable devel-
opment policies to build support in developing countries for climate
change policy efforts in his commentary, “Using the Development
Agenda to Build Climate Mitigation Support.” He is concerned about
the potential need for the government to buy back the freely allocated
long-term permits if climate science deems that necessary. The credi-
bility of long-term permits could be undermined by future govern-
ments who decide to renege on previous commitments and take back
the permits. Pershing expresses concerns about the use of a price ceiling
via the annual permit sales and forgoing potential cost-savings through
international emission trading. He recommends incorporating climate
change mitigation actions into development priorities that could
promote political buy-in among developing countries.

Coordinated and unilateral policies

Very different from the top-down architecture of the UNFCCC/Kyoto
Protocol are the third set of proposals, which feature bottom-up
climate change policies. Such approaches allow for countries and
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regions to experiment and learn about the efficacy and effectiveness of
various forms and stringencies of alternative policies. As opposed to an
international agreement dictating the goals and/or policies countries
should pursue, these approaches rely on countries to coordinate or
implement unilateral policies. Proponents of bottom-up architectures
believe that this can eventually evolve into a more cohesive interna-
tional architecture, given appropriate experience. Scott Barrett of
Johns Hopkins University and William Pizer of Resources for the
Future propose climate policy architectures that include a mix of coor-
dinated and unilateral country-level policies.

Barrett identifies the need to take action in four primary areas in
chapter 6, “A Multitrack Climate Treaty System.” First, he states that
countries should take “appropriate measures” to address climate
change risks, refocusing attention on actions instead of outcomes.
Second, Barrett recommends coordination on a multilateral research
and development (R & D) program. To increase diffusion of new
climate-friendly technologies, he calls for setting international tech-
nology standards and argues that as enough countries adopt these stan-
dards, the technologies will become the de facto global standard.
Third, Barrett advocates adaptation assistance, with the focus on pro-
moting development in low-income countries with the least capacity
and resilience to climate change impacts. Finally, he suggests that the
international community should invest in R & D for possible geoengi-
neering responses to climate change. Barrett believes that this suite of
unilateral and coordinated policy responses could effectively address
the multifaceted characteristics of global climate change.

Daniel Esty of Yale University and Henry Jacoby of the
Massachusetts Institute of Technology comment on Barrett’s proposal.
Esty compliments Barrett’s assessment of the current challenges in
designing a climate policy architecture but suggests that previous mul-
tilateral efforts to address stratospheric ozone depletion provide a
better model for moving forward in his commentary “Beyond Kyoto:
Learning from the Montreal Protocol.” Esty identifies several elements
of the Montreal Protocol that resulted in its success and should be
incorporated in a global climate policy architecture. He notes that the
agreement required that all countries phase out ozone-depleting sub-
stances, in contrast with the Kyoto approach of focusing only on indus-
trialized countries. Second, the Montreal Protocol included carrots and
sticks to promote compliance, in the forms of subsidies to developing
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countries to transition to ozone-friendly products, and trade sanctions
for both nonparticipation and noncompliance. Third, greenhouse gas
emission targets, like the CFC phase-out, should occur over decades,
not years, and be achievable at reasonable cost.

Jacoby argues that the international climate change policy regime is
moving away from the dream of an elegant, comprehensive top-down
architecture, akin to a gothic cathedral, and towards a bottom-up,
decentralized architecture that he compares to the ramshackle neigh-
borhoods of Rio de Janeiro in his commentary “Climate Favela.”
He notes that the UNFCCC, even if it cannot support a universal,
comprehensive architecture, does provide a number of useful activi-
ties that will support any future climate policy architecture, including
information collection and capacity building. Jacoby expresses con-
cerns about the lack of attention given to the institutional context in
Barrett’s four-pronged policy approach. He raises several questions
about the feasibility of implementing agreements on technology stan-
dards and adaptation. Jacoby also calls for more analysis of the issue
of geoengineering, especially with respect to the issue of coordinating
decisions about “engineering” remedies for global climate change.

Pizer addresses what a global climate policy architecture proposal
can be, not what it should be, in chapter 7, “Practical Global Climate
Policy.” His evaluation of the current behavior by countries within the
UNFCCC/Kyoto framework motivates his conclusion that national
action, not international coordination, should be the centerpiece of the
international climate policy effort. Pizer calls on country-level actions
that reflect their domestic interests and influences through a nonbind-
ing pledge and review process. An agreement to coordinate these uni-
lateral actions would provide a venue both for countries to lobby other
countries about their commitments and for periodic review. Countries
could agree to link their domestic actions, including the integration of
emission trading programs and credit-based approaches, such as a
streamlined Clean Development Mechanism. The periodic reviews
would focus on three types of actions: emission mitigation, climate-
friendly technology innovation and deployment, and engaging devel-
oping countries, especially through actions that address climate and
other development goals.

James Hammitt of Harvard University and Juan-Pablo Montero
of the Pontificia Universidad Catolica de Chile comment on Pizer’s
proposal. Hammitt agrees that Pizer’s policy and measures framework
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may enjoy more support than Kyoto-style targets but raises questions
about whether this approach can satisfactorily mitigate climate change
in his commentary “Is ‘Practical Global Climate Policy’ Sufficient?” In
response to Pizer’s observation that environmental advocates prefer a
“safe-level” approach to setting goals as reflected by the ultimate
objective of the UNFCCC, Hammitt explains that pursuing policies
based on a marginal-damage approach (i.e., setting policy goals based
on benefit-cost analysis) may be more protective of the climate. He also
notes that a safe-level goal may suffer from more credibility problems
than a goal motivated by marginal analysis. Hammitt questions Pizer’s
conclusion that unilateral policies and measures would not be much
less efficient than a functioning international emission trading system
because of implicit and explicit harmonization of the marginal costs of
abatement.

Juan-Pablo Montero identifies several reservations he has with
Pizer’s proposal and suggests an alternative approach in his commen-
tary “An Auction Mechanism in a Climate Policy Architecture.”
Montero believes that Pizer has reached his conclusions about the inef-
fectiveness of the current policy architecture in haste, and that more
time is necessary to evaluate climate policies. He also has concerns
about unilateral approaches in terms of their effect on climate change
and challenges the notion that coordinated multilateral policies cannot
work. Montero advocates a global auction of emission permits by
countries, where the auction quantity reflects the demands set by the
participating countries. In addition, a portion of the auction revenues
would be returned to bidders in a manner that provides the incentive
for countries to bid truthfully in the auction. Developing countries
could be incorporated into the auction as sellers of emission permits,
much in line with David Bradford’s 2002 climate policy architecture
proposal.

Synthesis and conclusions

This volume closes with two chapters that draw out the key conclu-
sions from the proposals and commentaries and provides guidance
for the international policy community. In the Epilogue, Thomas
Schelling, the 2005 Nobel Laureate in economics and professor at the
University of Maryland, reflects on the range of architectures from the
top-down to the bottom-up frameworks. He provides an assessment of
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the viability of these various approaches. Schelling notes, based on his
experiences, the prospect for a pledge and review system to mobilize
action, such as with the Marshall Plan and the founding of the North
Atlantic Treaty Organization. He raises questions about the incentives
for participation and compliance in some of the more-holistic, top-
down architectures. Schelling also discusses the potential interaction
between the structured international institutions envisioned in some
proposals and domestic policy regimes. He asks whether a climate
policy architecture is possible or necessary in order to make progress.

We close the book with our chapter: “Architectures for an
International Global Climate Change Agreement: Lessons for the
Policy Community.” We review and synthesize the six proposals and
their associated commentaries. We draw conclusions about some issues
that reflect a general consensus and highlight others for which these
contributors, and the broader academic community, have yet to come
to agreement. The lessons provided in this chapter can serve to inform
the international policy community, from decision-makers and diplo-
mats to those in the private sector and civil society who actively are
engaged in the design of climate change policies.
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part i

Targets and timetables





2 Formulas for quantitative
emission targets
jeffrey frankel

We are sorely in need of ideas as to how to proceed to address
the emission of greenhouse gases (GHGs):

(1) Global climate change (GCC) is a huge and genuine problem, as is
now more widely recognized than even a few years ago.

(2) The Kyoto Protocol, and the United Nations Framework
Convention on Climate Change (UNFCCC) within which it sits,
constitute the only multilateral framework we have to address the
problem.

(3) The Protocol, as actually negotiated in 1997 or as it went into force
in 2005, is inadequate in three important ways: its goals could be
costly to achieve if interpreted literally, neither the largest nor the
fastest-growing emitters have signed up, and it would have made
only the tiniest dent in global GHG concentrations even if it had
entered into force with good prospects for compliance and even if
all countries had participated.

Few American economists support the Kyoto Protocol.1 I have spoken
and written in support, at least, of the Clinton–Gore version of it,
perhaps because I was (one of many) involved in its design during
1996–1999. My claim is that – given the combination of political, eco-
nomic, and scientific realities as they are – Kyoto is a good foundation,
a good first stepping stone on the most practical path if we are to address
the global warming problem more seriously, as we should. Nobody
would say that the text negotiated in Kyoto is ideal. But, as I phrased it
in the title of a recent article, “You’re Getting Warmer: The Most Feasible
Path for Addressing Global Climate Change Does Run through Kyoto.”2
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In this chapter I will try to take a constructive approach, by asking
what are the desiderata, the requirements, for a second step in the
process, a successor to the Kyoto regime of 2008–2012, one that would
build on what is good about it and fix what is most lacking.3

What are necessary requirements for the next
multilateral treaty?

I see a list of requirements that any new agreement must meet. They
are: More comprehensive participation, Efficiency, Dynamic consis-
tency, Robustness under uncertainty, Equity, and Compliance.4

The first big desideratum: More comprehensive participation,
specifically getting the United States, China, and as many other devel-
oping countries as possible to join the list of those submitting to
binding quantitative commitments.5 The absence of the developing
countries is probably the most serious and most intractable shortcom-
ing of the Kyoto Protocol, except perhaps for the absence of the United
States – which is to some extent a function of the competitiveness fears
generated by the absence of the developing countries. We need to get
developing countries into the system for three reasons:

(1) The developing countries will be the source of the big increases
in emissions in coming years according to the business-as-usual path
(BAU), that is, the path along which technical experts forecast that
countries’ emissions would increase in the absence of a climate change
agreement. China, India, and other developing countries will represent
up to two-thirds of global carbon dioxide emissions over the course of
this century, vastly exceeding the expected contribution of the
Organisation of Economic Co-operation and Development (OECD) of
roughly one-quarter of global emissions. Without the participation of
major developing countries, emissions abatement by industrialized
countries will not do much to mitigate global climate change.

(2) If a quantitative international regime is implemented without the
developing countries, their emissions are likely to rise even faster than
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13 This extends the ideas in Aldy and Frankel (2004) and Frankel (1999, 2005).
14 Stewart and Weiner (2003) have a similar list.
15 As pointed out by Barrett (2006), Nordhaus (2006), Olmstead and Stavins (2006),

Victor (2004), and just about all other Americans who have written on the subject.
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Senate ratification without meaningful participation by developing countries.



the BAU path, due to the problem of leakage. Leakage of emissions
could come about by relocation of carbon-intensive industries from
countries with emissions commitments under the Kyoto Protocol to
nonparticipating countries, or by increased consumption of fossil fuels
by nonparticipating countries in response to declines in world oil and
coal prices. Estimates vary regarding the damage in tons of increased
emissions from developing countries for every ton abated in an indus-
trialized country. But an authoritative survey concludes “Leakage rates
in the range 5 to 20 percent are common” (IPCC 2001: 536–544).

And (3) the opportunity for the United States and other industrial-
ized countries to buy relatively low-cost emissions abatement from
developing countries is crucial to keep the economic cost low. This
would increase the probability that industrialized countries comply
with the system of international emissions commitments.

The second big category of concern is Efficiency, which I would
argue in this particular context must come down to cost-effectiveness:
an attempt to minimize the economic costs of achieving an environ-
mental goal. The critics of Kyoto sometimes fail to give it credit for
the market mechanisms and flexibility that were built into the treaty.
They are the primary reason why I think it a positive first step
on which to build. Yet they could just as easily not have been in
the treaty. Most obviously, there is the international trading of emis-
sions permits (“where flexibility”), which is critical. The Clinton
Administration Council of Economic Advisers (CEA) reported to
Congress in its 1998 Administration Economic Analysis6 estimates of
sharp cost reductions from trading (80 percent, if key developing coun-
tries are in the system). These estimates were similar to the indepen-
dent estimates of Edmonds et al.7 But there is also some scope for
smoothing over time (“when flexibility”) in the form of averaging over
a five-year period, and the possibility of banking credits. And insuffi-
ciently appreciated is “what flexibility” – scope for substituting across
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16 The Kyoto Protocol and the President’s Policies to Address Climate Change:
Administration Economic Analysis. Summaries included Yellen (1998) and
Frankel (1998).

17 Edmonds, Pitcher, Barns, Baron, and Wise (1992) and Edmonds, Kim,
McCracken, Sands, and Wise (1997). We at the CEA made adjustments for the
effect of the six-gas objective, as the existing economic models focused on carbon
dioxide alone. Joe Aldy was the CEA staff economist who implemented the
model.



the six GHGs, not just carbon dioxide, or between the GHGs and
sequestration through forestation (“sinks”). These kinds of flexibility
not only reduce the expected value of the economic cost but also ease
response to fluctuations in the price of carbon.

My definition of efficiency was cost-minimization for a given envir-
onmental goal. But that is not the same as the full benefit–cost
optimization that is favored by economists. The cost-minimization
approach takes the quantitative goal as given, rather than determining
the optimal plan by weighing up environmental benefits of more or less
stringent paths against the economic costs. Economists argue that the
optimal path involves shallower cuts in the earlier years and deeper
cuts late in the century. This is the result that usually emerges from the
integrated assessment models that Nordhaus (1994) inaugurated and
others have emulated and extended.8 For example, it is the strategy
suggested by the Manne and Richels (1997) research.9

The Kyoto Protocol itself failed to address future periods. Because
the problem is the stock of cumulative concentrations of GHGs in the
atmosphere, not the flow as in most other kinds of pollution, an agree-
ment that does not specify long-term measures seems to accomplish
little. Most of those participating in the Kyoto negotiations (though
not all) understood that the cuts under discussion would make only
minute contributions to reducing greenhouse gas concentrations, tem-
peratures, and sea-level rises later in the century. We estimated that if
participation were limited to the countries undertaking commitments
at Kyoto, then the effect of the agreement would be to reduce the tem-
perature in 2050 by only roughly one-tenth of one degree Celsius (rela-
tive to a baseline increase of 1.15 degrees). Even so, the longest journey
begins with a single step.

It is true that it would be optimal to save the deep cuts for later in
the century, within the terms of those models. Scrapping coal-fired
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18 For example, Nordhaus (2006) wants the numbers to be derived from “ultimate
economic [and] environmental policy objectives.” Olmstead and Stavins (2006)
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term.”

19 CEA found the Manne–Richels model to be the most useful of all that existed as
of early 1997, for the specific purposes of planning for Kyoto. Subsequently,
Hammitt (1999) estimated that the least-cost emissions path for stabilizing at
550 (parts per million) lies below the fully optimizing path of benefit–cost analy-
sis, until 2024, and then crosses above it.



power plants today is costly, while credibly announcing that the goals
will be stringent fifty years from now would not be as costly, because
it would give businessmen and consumers, and scientists and engineers
time to plan. But I believe that benefit–cost maximization, though obvi-
ously right in theory, is in this case the wrong logic in practice for two
reasons. First, the uncertainties are so great – not only regarding
unknown future technologies, but even more so regarding the prob-
abilities and nature of tremendous global catastrophes and what is the
appropriate discount rate for events centuries into the future – as to
make benefit–cost estimates worthless. It is impossible to put proba-
bilities on the catastrophe scenarios (an end to the Atlantic circulation
pattern, melting of the Antarctic ice shelf, an unstable feedback loop
through release of methane from thawing permafrost, and so on). Just
the range of uncertainty about the appropriate discount rate can give
every answer, from large immediate cuts to a path that begins with no
cuts.10

Of course economic costs have substantial uncertainties too, but
nothing to compare with the uncertainties on the side of the benefit of
mitigation. Surely, you will say, the existence of uncertainty does not
change the logic that we should “take our best shot” at estimates of
the optimal path of emission reductions. Here comes the second
reason why I believe the benefit–cost approach is not practical in this
context.

Dynamic consistency. Governments cannot bind their successors. Call
it institutional or political myopia, if you will. But nobody knows what
the objective scientific, technical, economic, and political realities will
look like in the future. Thus it is rational and sensible that the system
is unable to commit to specific targets for the rest of the century. If the
designers of a treaty specify a path for steep future reductions, their suc-
cessor governments will not likely be willing to pay the high economic
costs necessary to follow through when the time comes. Those making
investment decisions today – from power plant construction, to
housing, to technological research – know that tomorrow’s policies will
not be consistent with today’s promises and will act accordingly. This
is the definition of dynamic inconsistency, a term I am borrowing from
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issues, see Aldy, Orszag, and Stiglitz (2001).



monetary economics where it refers to the problem of noncredible anti-
inflation announcements by central banks.11

In considering the desiderata for a successor to Kyoto, another
aspect of dynamic consistency belongs on the list: the importance of
standing by precedents so as to avoid the incentive for countries to stay
out of an agreement as long as possible or to ramp up emissions in the
meantime, so as to be able to negotiate from a higher base. This is the
principle well recognized in legislating tax-law changes, even in so dys-
functional an institution as the US Congress, that the date on which
(e.g.) investment tax credits take effect is (retroactively) the date that
the legislation is first proposed, not the date it passes. This principle
was recognized in the 1997 treaty when 1990 emission levels were
chosen as the overall baseline, even while concessions were made to
subsequent facts of life (e.g., allowing the US target to cut less deeply
below the baseline than the European target, because US emissions
even by then had been growing more rapidly). I think whatever frame-
work is established now to negotiate targets for 2013–2017 and
beyond, there should not be 100 percent forgiveness of the rapid
increases that countries like the United States and China have incurred
in the meantime, i.e., the Europeans should get some credit for the cuts
they have made. Otherwise, whatever countries are the last holdouts
at any particular stage have even less incentive to join.

Others, to be sure, have come to recognize the importance of
dynamic consistency. The answer, from Olmstead and Stavins (2006),
is that “once national governments have ratified the agreement, imple-
menting legislation within respective nations would translate the
agreed long-term targets into domestic policy commitments . . . This
represents a logical and ultimately feasible chain of credible commit-
ment.” I am afraid I just do not agree that this is politically feasible.
Bringing up politics is problematic, because every analyst can simply
pronounce the proposals of others politically infeasible, and there is no
way of verifying which of them are in fact more or less infeasible than
others. But none of the country delegations at Kyoto proposed specific
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11 I want to be clear that it still makes sense for academic models often to work in
terms of long-term paths. But it is also important to realize that no given poli-
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the size of one link in the chain. The economic adviser who insists on talking
about 100-year paths is making the common mistake of refusing to answer the
question that the policymaker has hired him to answer.



policy measures that went beyond 2012, and it was not because many
of us were not acutely aware of the unpleasant reality that the cuts for
the first budget period were but a drop in the bucket in terms of effect
on climate. Perhaps there is a reason for this empirical fact, a reason
that governments cannot in this context bind their successors, that is
not readily apparent to academics.12

Let me try a new analogy: the regular fiscal budget process. My guess
is that almost all policymakers in the United States or Europe or other
countries would agree that the budget ought to be roughly balanced
over the business cycle, or in countries where debt is too high that it
ought to run surplus on average to undo steadily over time the excess
accumulation of debt in the past. And yet budgets are almost always
passed by politicians at a one-year horizon. Occasionally a country sets
a “medium-term fiscal path” of budget consolidation over ten years,
or a “social security fix,” or adopts an institutional constraint like
Europe’s Stability and Growth Pact or the Gramm–Rudman legislation
of the 1980s. Usually these are failures. Even where they succeed, the
regime at the very most lasts a decade. Has anyone proposed to legis-
late a 75-year path of budget deficits or surpluses to achieve long-run
fiscal sustainability? The idea is not practical. There is too much
genuine uncertainty and too many imperfections in the political
process to make such a thing feasible.

President Clinton would have been laughed out of town if he had
announced in 1997 that his administration’s climate change proposal
was to do almost nothing until 2050 and then institute tough emission
cuts in the second half of the twenty-first century. Certainly there
would have been no rush by the engineers to develop new technologies
to be ready for the big day in 2050 when the price of carbon would
abruptly rise, because nobody would have believed it.

In climate policy, as in fiscal policy or monetary policy, an announce-
ment of future plans is not in itself credible. Nor can lock-in institu-
tions take us as far as our models sometimes make it sound. Problems
of genuine unpredictability and political legitimacy (under democra-
cies, elected legislative bodies have to decide how money is spent), even
leaving aside the possibility of myopia or excessively high discount
rates, mean that the quantitative stringency of targets will have to be
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set one political term at a time. The bottom line is that there is a good
reason for policymakers to try to begin with a “down payment,” a
more aggressive first step than would be implied by an “optimally” cal-
culated path as might be found in a standard forward-looking inte-
grated assessment model. To pursue the analogy of monetary policy,
one way central bankers can address the problem of dynamic incon-
sistency and attain credibility is by establishing reputations for mon-
etary discipline. Both Paul Volcker and Alan Greenspan did this by
raising interest rates at the beginning of their terms as Chairman of the
Board of Governors of the Federal Reserve System.

If Americans were collectively to decide, hypothetically in 2008, that
they wanted to get serious about addressing global climate change, it
would be far too late to sign on to the quantitative targets agreed to at
Kyoto, which pertain to the budget period 2008–2012. These targets
are no longer attainable. Thus it is a matter of setting emission targets
for the subsequent budget period, which begins in 2013. Given that
most of the rest of the world has gone ahead without us, we might have
to begin by establishing some credibility, by taking some dramatic
short-term action – if not agreeing to substantive short-term cuts, then
passing a big national gas tax or carbon tax.13

The conventional wisdom has always been that big energy taxes are
as politically unacceptable to the American public as Kyoto itself.14

After the fiasco of the proposed BTU (British Thermal Unit) tax and gas
tax in the first year of the Clinton Administration, one could not even
mention the word “tax” out loud in a discussion of GCC options in the
late 1990s. But that should not stop us academic economists from
talking about it. Political realities change. If we had had true leadership
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13 The spirit is the same as Pizer’s (2006, p. 9) “Recognizing the evolutionary
nature of a global climate policy. . . useful near-term steps should be the prior-
ity and should be viewed in the context of ongoing negotiations to refine the
international framework.”

14 Some take encouragement from results such as a New York Times / CBS News
Poll conducted February 22–26, 2006, with 1,018 respondents. Whereas
85 percent oppose an increased federal gas tax when the question is posed
unconditionally and only 12 percent favor it, the number in favor rises to 55
percent (with 37 percent opposed) if the question is preceded by “What if the
increased tax on gasoline would reduce the United States’ dependence on foreign
oil. . .” and to 59 percent (with 34 percent opposed) if preceded by “What if
the increased tax on gasoline would cut down on energy consumption and
reduce global warming. . .” But it is not clear that the latter formulations are
necessarily the more politically relevant.



in the White House on September 11, 2001, we could have had such
taxes adopted, in a bid to reduce dependence on oil from the Middle
East, with the proceeds going either to cut other taxes or to fight a war
on terrorism or both. I suggest we should be ready with such a plan on
the shelf for the next shock (whether it is a 9/11 with unconventional
weapons, a loss of oil from the Gulf, or the replacement of governments
in Pakistan or Saudi Arabia by radical anti-Western regimes, etc.).

Robustness under uncertainty. Two defining aspects of Kyoto merit
particular support. The first is the desirable market mechanisms.15

Second is the adoption of quantitative targets for countries.
Cooper (1998), Nordhaus (2006), and other economists prefer price

targets to quantity targets. More specifically they prefer a global
carbon tax. Their arguments are as valid as they are familiar. One of
the most important is robustness under uncertainty. But let me pick one
major problem with the beloved global harmonized carbon tax (e.g.,
Nordhaus, 2006): what is to determine the baseline? Lots of countries
already have lots of government policy measures governing energy and
the environment. Europe has long had very high taxes on petroleum
products. Britain phased out coal in the 1980s. Others have phased out
subsidies. Many signatories are currently undertaking major further
steps. It is neither “fair” nor intertemporally consistent to say that they
must add a new carbon tax at an internationally unified rate. What if
their existing array of policies already comes very close to a carbon
tax? Are they then exempt? It’s not that these problems are totally
insoluble; the point, rather, is that they are on the same order of mag-
nitude as the practical problems with agreeing quantitative targets that
the critics like to point out. With one difference: the signatories at
Kyoto have already demonstrated (surprisingly) that they can in fact
agree on differentiated national quantitative targets.

The main point is that harmonizing taxes internationally seems to
me infeasible while agreeing quotas internationally is feasible, however
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baselines – where there is at least a hope of compliance because there is at least
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property rights).



countries choose to implement their commitments domestically. A
carbon tax would still be my first choice for US domestic implementa-
tion, if it were politically acceptable.

I agree with many others that a good way to increase robustness with
respect to uncertainty is a hybrid system such as an escape clause, also
called a safety valve. This would be a tradable emissions permit scheme
plus a promise to sell additional permits at a pre-specified price thresh-
old, thus easing the quantitative limit, if the price of an emissions
permit threatens to rise above that cap. In effect it would be a sort of
insurance policy against unexpectedly high costs in a tradable permit
policy.16

Equity. The developing countries point out that it was the industrial-
ized countries, not they, who created the problem of global climate
change, and they should not be asked to limit their economic devel-
opment to pay for it. The developing countries are said to have
contributed only about 20 percent of the carbon dioxide that has accu-
mulated in the atmosphere from industrial activity over the past 150
years.17 Moreover, in contrast to richer countries, they do not have the
ability to pay for emissions abatement. Developing country govern-
ments consider the raising of their people’s economic standard of living
the number one priority. Achieving this objective requires raising
market-measured income as well as improving the local environment,
particularly reducing air and water pollution.

In their more unrealistic moments, spokesmen for developing coun-
tries argue that equity requires setting quantitative targets at equal
amounts per capita. (This has long been India’s position.) It is true that
equity in itself suggests moving in this direction. In fact this proposal
would not even take into account that the industrialized countries have
done most of the emitting to date while the environmental damage falls
disproportionately on the already-hot, largely agrarian, poor coun-
tries. But the rich countries would never accept the huge effective trans-
fer of wealth from them to the poor that is implicit in the per capita
formulation. The status quo of high emissions from rich countries
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16 E.g., Pizer (1997) or Kopp, Morgenstern, Pizer, and Toman (1999).
17 It has been estimated that if one accounts for the contribution of land use change

and deforestation to the atmospheric build-up of CO2, developing countries are
in fact responsible for about 43 percent of all CO2 in the atmosphere now.
Austin, Goldemberg, and Parker (1998).



cannot be ignored, because the status quo is the fall-back position
when international negotiations fail (the “threat point” in the language
of game theory).

Compliance. No country will agree to a treaty that can be expected to
impose disproportionate economic costs on it. If a country somehow
agrees to a plan that turns out to have this consequence ex post, it
will subsequently back out. Whatever other carrots or sticks can be
dreamed up – trade sanctions, moral suasion, or penalties in the form
of steeper cuts in the future (this last being almost comically impracti-
cal, in my view) – minimizing the chances of substantial economic loss
is the sine qua non of assuring compliance.

Ensuring countries are not hurt ex post by having signed up is harder
than ensuring that they are not hurt ex ante. It brings us back to the
question of robustness under uncertainty. Even before we get to an
escape clause, we can tinker with the Kyoto framework in future
rounds to make it more robust with respect to unknown future devel-
opments in the desired degree of stringency, arising from growth sur-
prises, technology surprises (e.g., will fuel cells work?), climate
surprises (whether their importance lies in the changing state of scien-
tific knowledge, popular priority on the question or both), and so
forth. We now turn to specific proposals for the architecture, which
include provisions to maximize the probability that no country pays a
disproportionately high cost, either ex ante or ex post.

Proposed architecture for quantitative emissions targets

So what is the answer? What could be the next step after Kyoto, an
architecture that balances the needs for comprehensive participation,
efficiency, dynamic consistency, robustness under uncertainty, equity,
and enforceability?18 I offer my own proposed architecture. It would
be built upon the principles of quantitative emission limits and inter-
national trading, the foundations laid at Kyoto. Unlike Kyoto, it seeks
realistically to bring in all countries and to look far into the future. But
to look into the future does not mean to pretend that we can see with
as fine a degree of resolution at the century-long horizon as at the five-
year horizon. We consider different horizons in turn.
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The century-long horizon: building confidence within a long-
range framework

The entire path of emission targets for the twenty-first century cannot
be chosen at once, because of the problems of uncertainty and dynamic
inconsistency discussed above. It would be too constraining to write
down a complete set of numerical targets for each country from now
to 2100, and expect them to hold.

Rather we need a sequence of negotiations, all of which fit within a
common framework. The framework, like the US Constitution, would
ideally be flexible enough to last a century or more. An example of such
a framework in another policy area is the postwar General Agreement
on Tariffs and Trade, which gave us fifty years of successful rounds
negotiating trade liberalization, culminating in the foundation of
the World Trade Organization, whose rules are more binding. Nobody
at the beginning could have predicted the precise magnitude or
sequence of the cuts in various trade barriers. But the early stages
of negotiation worked, and so confidence in the process built, more
and more countries joined the club, and progressively more ambitious
rounds of liberalization were achieved.

Another analogy would be with the process of European economic
integration, culminating in the European Economic and Monetary
Union.19 Despite ambitions for more comprehensive integration,
nobody at the time of the founding of the European Coal and Steel
Community, or the subsequent European Economic Community, could
have forecast the speed, scope, magnitude, or country membership that
this path would eventually take. The aim should be to do the same with
the UNFCCC.

When the United States (and Australia) are politically ready to join,
it will also be time to set a standard for participation of developing
countries. The threshold for expected participation in any multilateral
agreement could be something like two tons of CO2 emissions per
person from fossil fuel use.20 (Not an income threshold. Why penalize
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20 This threshold would include Brazil and China, but not yet, for example, India,
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2005: Figure 4.1, p. 22). I have deliberately chosen the metric of carbon dioxide



economic growth, if it is clean?) But declaring a threshold will not be
sufficient to persuade countries to join if its economic incentives are
strongly against accepting the targets demanded.

How should the sequence of quantitative targets be set? Since fixing
targets a century ahead is impractical, I would propose doing it a
decade at a time. I have little to say about how to set the decade targets
for the global or aggregate level of emissions. For the reasons I have
said, I don’t think an optimal trade-off of the economic costs and the
environmental benefits is practical. How ambitious national leaders
turn out to be will be determined by the extent of popular support,
which will in turn be influenced by such unpredictable vicissitudes as
weather disasters (which may or may not be scientifically attributable
to global climate change) and any new 9/11 tragedies or instability in
the Persian Gulf (which alone would generate the political will in the
United States to reduce oil consumption). The key attempted contri-
bution of this chapter is, rather, to propose how the framework would
allocate the relative targets across countries. Table 2.1 attempts to
adumbrate how the sequence of formulas would produce decade-by-
decade allocations across countries of emission reductions.

The decade horizon: formulas for setting targets

The proposal is to allocate quotas across countries in any given budget
period according to a nested sequence of formulas for emissions. The
formula would be very general for the distant future, and become
increasingly specific as the budget period in question draws close.
Viewed at the horizon of one decade, the formula for emission limits
would be phrased as cuts from the expected business-as-usual path
(BAU). The BAU baseline entails, for example, rapid increases in emis-
sions for such countries as China and India. Thus, even with cuts rel-
ative to the baseline, we are talking about “growth targets” for such
countries, not cuts in the absolute levels of emissions as were agreed by
the industrialized countries at Kyoto. The formula for targeted reduc-
tions would include among its determinants the following variables:
• 1990 emissions
• emissions in the year of the negotiation
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Table 2.1 Proposed framework for emission targets and timetables

A sequence of formulas setting country targets as functions of income,
population, and lagged emissions.

China and other
Proposed developing 
time table Europe and Japan US and Australia countries

2008– Cuts below 1990  BAU, as estimated No targets
2012 levels, agreed at at the date of 

Kyoto (as illustrated joining
in Fig. 2.1 relative 
to BAU)

2013– Further cuts Targets put less Targets�BAU as 
2020 (relative to BAU weight on 2008 estimated at the 

estimated in the  levels and more on date of joining, say
year of negotiation, 1990 levels, to move 2008
say 2008). Bigger in direction of
cuts for richer Europeans
countries,
analogously to 
pattern in 
Fig. 2.1

Targets partially indexed to income Partially indexed to
within the decade (though perhaps income (though 
numbers to be fixed in 2015, to facilitate perhaps intensities
trading as part of settling up during are fixed in 2015)
2016–2020)

2021– Weights on 1990 emissions vs. 2008 First cuts, relative
2030 emissions begin to converge (so that to BAU, steeper 

USA is not unduly rewarded for staying for those having
out). Bigger cuts for richer countries, attained higher 
analogously to pattern in Fig. 2.1 income, 

analogously
to pattern in 
Fig. 2.1

Targets are again partially indexed to income within the decade

2031– Weight on population starts to increase,
2040 relative to weights on lagged emissions and income

Partial indexation within the decade



• population
• income, and
• perhaps a few other special variables like whether the country in

question has resources like coal or hydroelectric power.
A uniform formula would in a sense apply to all countries. But the

straitjacket must not be too rigid if it is to be applied uniformly to all.
The presence of lagged emissions on the list recognizes the reality that
no country, neither the United States nor developing countries, will
agree to a costly sharp reduction relative to the status quo. Other
special circumstances would also be recognized. For example, at Kyoto
the eastern European transition economies were in effect given an extra
adjustment, the target for Iceland recognized its abundant hydroelec-
tric and geothermal resources and related plans for aluminum smelt-
ing, and the target for Australia (would have) recognized its abundant
coal deposits.

One property of the proposed sequence of formulas would be that
a country joining the commitment regime for the first time would
agree to a target for the subsequent budget window given by its esti-
mated BAU path. In the first year of membership, that level is very
close to what the country had been emitting in the previous year. (In
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A sequence of formulas setting country targets as functions of income,
population, and lagged emissions.

China and other
Proposed developing 
time table Europe and Japan US and Australia countries

2041– Weight on population continues to increase,
2050 weights on lagged emissions and income continue to diminish,

with weight on 1990 emissions vanishing altogether
Partial indexation within the decade

. . .

2091– No weight on lagged emissions. Countries with higher income 
2100 still get higher targets, but much less so than early in the century

Infinitely Equal per capita emission targets
long run



“year zero,” the year of negotiation, the weights on “emissions in the
year of negotiation” is 1.0 and the weights on the other factors enu-
merated above are zero.) This assures that the country is not being
asked to take on a large economic cost the moment it joins, in which
case it will not agree. Rather, the joiner can only gain in the short run,
by the right to sell permits in the first budget period, thereby giving it
an economic incentive to join. Existing members gain economically
from the right to buy cheap reductions from the joining developing
countries. The world environment benefits as well, by pre-empting
leakage even within the first budget period, aside from the benefit of
having the country in the system for the longer term. For the United
States, 2008–2012 would (retroactively) be considered the first
budget period, i.e., the period in which the United States is asked for
no more than to limit its emissions to the BAU path. This recognizes
the reality that large cuts relative to what in 1997 appeared to be the
US BAU path – as are implicit in the Kyoto numbers for 2008–2012
that the United States has since rejected – would by now be far too
costly to make. In this sense, the United States would in the near term
be treated more as a developing country than on a par with Europe
and Japan.

In the second budget period of participation, countries are asked
to make more serious cuts: their target cuts relative to BAU assign
less weight to emissions in the year of negotiation, and more to 1990
levels. The reason for giving at least some weight to 1990 levels in the
medium term is to assure the Europeans that the United States is not
being unduly rewarded for having dropped out of Kyoto and “ramping
up” its emissions over the period 1990–2008 to a much higher level
from which to negotiate any future reductions. The weight on 1990 in
the medium-term targets could be relatively larger or smaller, depend-
ing on the relative bargaining position of the United States versus
Europe.

Persuading developing countries to join a system of
quantitative targets

To entice developing countries, who fear being made to ask larger cuts
in the long run, the framework of a nested sequence of formulas could
include the possibility, at least at a rhetorical level, that the target
for emissions in the limit as the year under consideration approaches
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infinity puts zero weight on income or past levels of emissions, and
complete weight on population. In plainer English, in the very long
run, the developing countries would notionally achieve their equity-
based demand for equal levels of emissions per capita. Lest this sound
outlandish, it is worth considering that by the twenty-second century,
China could well have caught up with Western countries in income per
capita (other Asian countries like Singapore have already done so), in
which case the proposal that the emission targets should put all weight
on population gives an answer similar to putting all weight on any
combination of population or income.

Rhetorical promises regarding the twenty-second century will not go
far to convince poor countries today. But even in the shorter term, if
quantitative emission commitments are set for developing countries in
a very careful way, they can address their concerns, at the same time as
addressing the concerns of the rich countries. Three important princi-
ples should guide the formulation of such targets:
• gains from trade
• progressivity, and
• protection against inadvertent stringency.

The remainder of this chapter elaborates on how an agreement on
targets under such principles can bring economic and environmental
benefits for developing countries as well as for rich countries. Thus
everyone should be able to agree that these targets represent an
improvement, relative to the alternative of not having developing
countries in the system. This is true regardless of how much weight one
wants to put on the economic interests of poor countries versus rich,
and regardless of how much weight one wants to put on environmen-
tal goals versus economic goals.

The gains from trade

If developing countries were to join a Kyoto-like system of targets-
with-trading, it would not only have environmental and economic
advantages for the rest of the world; it would also have important
environmental and economic advantages for the developing countries
themselves. For the sake of concreteness, consider a plan under which
developing countries do no more in their first budget period of partic-
ipation than commit to their BAU emission paths and then join the
trading system.
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A climate regime with a BAU emission target would not hurt devel-
oping countries. These countries would have the right to emit whatever
amount they would have emitted anyway in the absence of an interna-
tional climate change policy. They need not undertake emission abate-
ment unless a foreign government or foreign corporation offers to
pay them enough to persuade them voluntarily to do so. Importantly,
however, by constraining their emissions to business as usual, these
commitments would forestall emissions leakage and improve the envi-
ronmental effectiveness of emissions abatement efforts in industrial-
ized countries.

Developed countries’ governments and private firms would likely
offer to pay developing countries enough to persuade them voluntarily
to reduce emissions below their BAU paths. How do we know this? It
would be expensive for the United States, Europe, and Japan to reduce
emissions below 1990 levels if the reductions are made only at home.
The cost of emission abatement would be far lower in many develop-
ing countries, and so rich countries could offer terms that make emis-
sion reductions economically attractive to them. The economic theory
behind the gains from trading emission rights is analogous to the eco-
nomic theory behind the gains from trading commodities. By doing
what they do most efficiently, both sides win. Table 2.2 illustrates.

Why is it so much cheaper to make reductions in China or India than
in the United States? One major reason is that, in industrialized coun-
tries, one would have to prematurely scrap coal-fired power plants
in order to replace them with natural gas facilities or other cleaner
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Table 2.2 If developing countries accept targets and trade,
everyone wins

Gains if poor countries
join and trade Economic gains Environmental gains

Gains for developing Price received for Auxiliary benefits: 
countries emission cuts�cost less air pollution

to poor country

Gains for industrialized Price paid for emission Precludes leakage of
countries permits�cost to cut emissions to non-

only at home members



technologies. This would be expensive to do, because it would mean
wasting a lot of existing capital stock. In rapidly growing countries,
by contrast, it is more a matter of choosing to build cleaner or more-
efficient power-generating plants to begin with. When contemplating
large increases in future demand for energy, it is good to be able to
plan ahead. The benefits include learning from the mistakes of others that
have gone before, and taking advantage of their technological advances.

An extreme example of how measures to reduce carbon emissions
can have low costs in developing countries is the case of subsidies to
fossil fuels. Energy subsidies run as high as 58 percent for Venezuela
and 80 percent for Iran. Even oil importers subsidize energy: 11
percent for China and 14 percent for India.21 Eliminating such subsi-
dies would create substantial immediate benefits – fiscal, economic,
and environmental – even before counting any benefits under a Kyoto
agreement. Subsidy cuts within a target-and-trade system would pay
developing countries twice over – once in the form of the money that
is saved by eliminating wasteful expenditure, and then again in the
form of the money that is paid by a developed country for the claim to
the resulting emission abatement.

Progressive emissions commitments

Developing countries fear that they will be asked to accept emission
targets that are more stringent than BAU, and perhaps lower than
current or past emissions (such as what the industrialized countries
accepted in the Kyoto negotiations). It would not be reasonable for the
rich countries, however, to insist that the poor accept targets that fail
to allow for their future economic growth. It is useful to begin by
expressing all possible emission targets as relative to BAU, as already
suggested. Any proposed emission abatement is relative to BAU, not
relative to the past.

A reasonable lower bound for developing country emission targets
would be the “break-even” level. This is the level that leaves them
neither better off nor worse off economically than if there had been no
treaty at all. In other words, it is a level where they have to make some
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low-cost reductions from the start, but where sales of emission permits
at an intermediate price are sufficient to compensate them for their
marginal reduction. The aim should be to fall somewhere in the range
that is bounded above by BAU and bounded below by the break-even
level. As long as the target is above the break-even lower bound, the
developing countries benefit economically from the arrangement.
Developed countries still enjoy the opportunity to invest in low-cost
emissions abatement in developing countries and the lower global
emissions of such an arrangement. Everybody gains from having taken
the first step to fight global climate change.

There is probably a moderately large range between business as
usual and the break-even point. What would constitute a “fair” emis-
sion commitment within this range? To give some reasonable degree of
progressivity, targets for emission per capita would also assign some
weight to income per capita. A fair target for developing countries
might be one that fits the pattern that in retrospect holds among the
existing targets agreed at Kyoto, which are illustrated in Figure 2.1.
Even though the emission targets agreed at Kyoto reflected the
outcome of political negotiations, rather than economists’ calculations
of some definition of optimality, retroactively it is possible statistically
to discern systematic patterns in the targets. This approach turns out
to allow some progressivity, with richer countries committing to larger
emissions abatement efforts than poor ones. Yet it does not go nearly
so far as the massive redistribution of wealth that some poor-country
representatives unrealistically ask for, based on a tabula rasa notion of
equity.

Out of thirty industrialized countries’ targets agreed at Kyoto (those
with adequate data, including some that have not subsequently ratified
the agreement), the average reduction from BAU was 16 percent. For
the less-rich half of the countries, the average reduction was 5 percent
below BAU, which shows the progressivity in a very simple way. The
progressivity of the Kyoto system was also revealed within the EU’s
“bubble” allocation: wealthier countries such as Germany and the
United Kingdom accepted emission targets much more stringent than
the EU-wide commitment (1990 minus 8 percent), to allow less
wealthy countries such as Portugal and (at the time) Ireland to have
less stringent targets.

Further statistical analysis can help illustrate the progressivity of the
targets. Controlling for countries’ projected BAU emission growth,
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their coal intensities, and whether they are beginning the transition
from central planning, we estimated that a 1 percent increase in per
capita income implied a target of 0.11 to 0.17 percent greater emis-
sions abatement from BAU.22

As an illustrative example, when this pattern was extrapolated to
China, looking forward from 1998, the projected target was about 5
percent below BAU. This emissions level happened to lie inside the
desirable range: below BAU but above the break-even point (based on
a number of global energy-economic models). In other words, if China
accepted such a target, economic benefits would accrue both to it and
to the rich countries that would pay China to reduce emissions further.
As a rough guideline, 5 percent is not an unreasonable benchmark for
other developing countries as well. To repeat, it still allows for growth.
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end of 1997, when the Conference of Parties met at Kyoto. The regression line fits
almost as well, but not quite, when subsequently revised data are used – Frankel
(1999). But it is more appropriate to use the original data if the attempt is to discern
the degree of progressivity that the negotiators implicitly decided was “fair.”

Figure 2.1. Emission reduction vs. GDP per capita

Sources: The World Bank, US Energy Information Administration, national
communications to the UNFCCC
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Resolving concerns about unintended target stringency

One important objection concerns uncertainty regarding how stringent
given numerical targets would turn out to be during the course of a
given decade. Calculations regarding the BAU path or the cost of devi-
ations from it are subject to great imprecision and unpredictability.
Poor countries worry that uncertainty surrounding their forecasted
economic performance is so great that they cannot now risk adopting
an emission target that would be binding five or ten years in the future.
Even if a particular numerical target appears beneficial ex ante, it might
turn out to be something different ex post. If the country turns out
to achieve unexpectedly rapid growth, the last thing it wants is to have
to put a stop to it because the accompanying emissions threaten to
overrun its target. A response to this concern would be to structure
international agreements regarding these countries’ targets so as to
reduce the risk of being inadvertently stringent.

Symmetrically, environmentalists have also expressed a concern on
the other side that a target may turn out ex post to be too lax. They
fear that such a target might fail to result in environmental benefits in
terms of actual emission reductions relative to what would have hap-
pened in the absence of a treaty. If, for example, Korea or Thailand had
accepted targets at Kyoto in 1997, the sharp slowdowns that began in
East Asia in the same year would have turned out to imply that they
might have been paid for emission abatement (relative to ex ante BAU)
that would have happened anyway. This is the so-called “hot air”
problem. Thus it is desirable to mitigate the risk of inadvertent laxity
while also mitigating the risk of inadvertent stringency – to narrow the
variability of the effective stringency of the target without relaxing or
tightening the intended target itself.23

One solution is indexation of the emissions target. The general
notion is to agree today on a contract under which the numerical target
depends in a specified way on future variables whose values are as yet
undetermined.24 Future economic growth rates are probably the
biggest source of uncertainty, especially in developing countries. A
simple approach would index a country’s aggregate emissions to future
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a given increase in the wage for every dollar increase in the Consumer Price
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income alone. Other possible proposals could allow the targets to vary
with other variables such as population or temperature.

More specifically, for every percentage point in GDP growth that is
higher or lower than forecast, the emission target is raised or lowered
by a corresponding amount.

A special case of indexation is “intensity targets,” which the Bush
Administration has talked about. An intensity target is a target for the
ratio of energy use or emissions to GDP. Not only are emissions
indexed to GDP, but the indexation is full, i.e., the relationship is fully
proportionate. This has the advantage of simplicity over my formu-
las.25 I would still argue that from the year when a country negotiates
entry into the system until the year before the budget window starts
(whether it is a five-year or ten-year budget window), the emission
target should be indexed to GDP in a less-than-proportionate way. For
example, every 1 percent of extra growth might call for an automatic
0.7 percent increase in the target. Or the coefficient could be 0.5, which
would make the formula into a simpler “square root” rule.26 The pro-
posal would require countries that are doing a bit better to contribute
more than those that are not, maintaining principles of progressivity
and insurance, without penalizing them unduly for their success.

A China that turns out to grow at 10 percent a year for six years has
raised its standard of living 77 percent. It should not be unduly penal-
ized for its growth by failing to allow an increase in the numerical
target (i.e., there should be some indexation). But neither should it be
allowed a fully proportionate increase over this six-year period.
Rather, it is capable of making a larger reduction relative to GDP than
had been anticipated six years earlier, and it should do so (i.e., the
indexation should be less than proportionate).

Indeed a shortcoming of the proposal to set intensity targets, i.e., to
have fully proportionate index, is that it actually asks less sacrifice of
countries that have experienced the good fortune of an unexpected
economic boom, and more sacrifice for those that have suffered an
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26 The Argentine government proposed an emission target indexed to the square
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Germany.



unexpected slowdown. The reason is that even in the absence of policy
measures, energy use and emissions tend to rise less rapidly than GDP.27

There is a separate question as to whether the target levels should be
finally fixed numerically at the beginning of the budget period, or
whether there should also be indexation within the budget period. An
argument for continuing to index is that it would make it more feas-
ible for a government to hit its emission targets in the face of economic
fluctuations. An argument for setting the numerical targets at the
beginning of the budget period is that it would facilitate international
trading of emission permits because each country would know exactly
what its targets were. The important point is that approaches that
explicitly account for at least some of the uncertainty that character-
izes emission abatement would make it more likely that the target will
turn out to fall within the range intended, where it brings benefits –
economic as well as environmental – to developing countries and
industrialized countries alike.
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Commentaries on Frankel

2.1 Targets and timetables: good policy
but bad politics?

daniel bodansky

From a policy perspective, cap-and-trade systems have many virtues.
They give countries flexibility to determine how to reduce emissions –
whether through domestic trading schemes, taxes, subsidies, efficiency
standards, voluntary agreements with industry, or some other policy
instrument. They harness the marketplace to encourage climate miti-
gation efforts by whoever can reduce emissions at the lowest cost. They
can easily be scaled up or down, in response to new information about
the risks of climate change. They can be differentiated among coun-
tries, to address equity concerns. And they can be set a level that, while
requiring a country to do better environmentally than business-as
usual, still allows it to profit by trading, thereby serving as a type of
side payment to encourage participation by otherwise reluctant coun-
tries such as China and India – a virtue that, as Jonathan Wiener (1999)
emphasizes, is particularly important in an international system that
relies on voluntary assent rather than coercion.

In his chapter, “Formulas for Quantitative Emission Targets,”
Jeffrey Frankel presents a particularly appealing version of the targets-
and-timetables approach, with a formula for setting targets intended
to address the equity concerns of developing countries, as well as
design features such as indexation and a safety valve that respond to
one of the principal criticisms of Kyoto-style emission targets, namely
that they represent an economic straitjacket and could impose
unacceptably high costs on countries. Of course, even Frankel’s archi-
tecture fails to solve the compliance issue, which some see as the
Achilles’ heel of the targets-and-timetables approach (Barrett 2003).
His only discussion of compliance focuses on one potential source of
noncompliance, namely high costs, without addressing the more
general problem of free riding that characterizes collective action prob-
lems such as climate change. Nevertheless, while Frankel’s proposal is
vulnerable to criticism on this score, I think that there are plausible
stories of how a state might comply, even in the absence of coercion
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(see Chayes and Chayes 1995; Koh 1997), so Frankel’s failure to solve
the compliance problem is not, to my mind, a fatal flaw.

But even if we are willing to concede that targets and timetables rep-
resent good climate policy, I think it is far more questionable whether
they represent good climate politics. Frankel does not specifically say
which perspective he is adopting. At the beginning of his article, he sets
forth a list of the requirements that, in his view, “any new agreement
must meet” (Frankel, this volume, p. 32, emphasis added). But the
sense in which he uses the term “must” is not altogether clear. Does he
mean the requirements that any agreement must meet in order to be
good climate policy, or to be politically realistic? Quite conveniently,
he appears to think that there is a significant overlap between the two
and that the architecture he proposes not only satisfies his policy
desiderata, but is also politically realistic, even in the near term, as the
“next step after Kyoto” (Frankel, this volume, p. 41).

The distinction between policy and politics is, of course, fuzzy. Even
pure policy design is not a strictly formal exercise; it must take into
account how people and governments behave. For example, in argu-
ing that benefit-cost maximization is “right in theory” but “wrong in
practice,” because governments cannot effectively bind their succes-
sors, Frankel is making what usually we would consider a policy argu-
ment, but one based on political considerations. Politics and policy fall
along a continuum. At one end of the spectrum, we can take present
political realities as a given; at the other, we can regard them as con-
tingent and transitory. But even at the ideal-policy end of the spectrum,
where current political realities do not represent a constraint, analysis
must be consistent with immutable, intrinsic features of the political
system – it cannot assume, for example, that states will cease being
motivated by self-interest. Otherwise it will become purely utopian.

Where along this spectrum does Frankel’s climate architecture fall?
Critics of the targets-and-timetables approach, such as David Victor
(2001) and Scott Barrett (2003), see it as essentially utopian – Victor
because states will simply not be able to negotiate a series of progres-
sively stricter emission targets, Barrett because, in the absence of an
effective sanctioning mechanism, states will be unlikely to participate
and comply. For the reasons mentioned earlier, I am willing to concede
that targets and timetables may represent good policy, at least for the
longer term – one could envision a world in which successfully stricter
targets and timetables were adopted and achieved the policy desiderata

58 Daniel Bodansky



that Frankel articulates. But, for reasons that I will explain in a
moment, I am skeptical about the political viability of this approach in
the nearer term. Frankel, in contrast, clearly thinks that his proposed
climate architecture represents both good policy and good politics – it
represents a sensible political strategy for the post-2012 period, when
Kyoto’s first commitment period expires, as well as for the longer term.

As an academic economist with significant government experience,
it is perhaps unsurprising that Frankel manifests an ambivalent atti-
tude toward the world of politics. On the one hand, he appears to
regard statements about politics as unscientific, because they are infi-
nitely malleable. As he observes, “bringing up politics is problematic,
because every analyst can simply pronounce the proposals of others
politically infeasible, and there is no way of verifying which of them
are in fact more or less infeasible than others” (this volume, p. 36). And
he does not always feel fully constrained by judgments of political via-
bility, since “political realities change” (p. 38). On the other hand, he
is not above making such judgments himself. For example, he rejects a
carbon tax as “infeasible,” even though it would be his first choice if
it were politically acceptable. Similarly, he rejects proposals to allocate
emission targets to achieve equal per capita emissions on the political
grounds that “rich countries would never accept the huge transfer of
wealth from them to the poor that is implicit in the per capita formu-
lation” (p. 40). Since Frankel himself raises the test of political feasi-
bility,1 I think it is fair to assess his architecture not simply in terms of
whether it represents good policy, but also in terms of whether it rep-
resents good politics. It is to that question that I now turn.

Politics is, of course, the art of the possible. And, in thinking about
what is politically possible, we need to begin by acknowledging the
modest results achieved in recent negotiating sessions. At the Eleventh
Conference of the Parties to the United Nations Framework Convention
on Climate Change (UNFCCC), held in Montreal in December 2005,
countries agreed to begin two processes – one a dialogue under the
UNFCCC on long-term cooperative action to address climate change,
the other under the Kyoto Protocol to consider further commitments for
developed country (“Annex I”) parties for the post-2012 period.
Neither process appears likely to produce significant results, however.
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In recent years, the international climate negotiations have been  bogged
down, which makes it critical to ask: What have been obstacles to
progress? And what can we do to overcome these obstacles?

Jeffrey Frankel’s paper does not specifically ask these questions, but
the policy he prescribes makes some implicit assumptions about the
nature of the recent political impasse. Interestingly, his paper focuses
much more on developing countries than on the United States. Indeed,
the absence of developing countries is, in his view, “the most serious
and intractable shortcoming of the Kyoto Protocol.” Although he adds
the caveat, “except perhaps for the absence of the United States,” he
sees the US absence largely as a function of the absence of developing
countries. In his view, the United States is reluctant to join Kyoto
because it does not include developing country targets. If we can solve
the developing country issue, then the issue of US nonparticipation will
take care of itself.

Frankel’s proposed solution is to give developing countries indexed
growth targets, which will alleviate their concern that greenhouse gas
emission targets could adversely impact their economic growth. If devel-
oping countries are given targets that, while below business-as-usual, are
achievable at a lower cost than the international carbon price, then the
potential gains from emissions trading should provide developing coun-
tries with an upside incentive to participate. The trick is to set develop-
ing country targets at a level that will allow them to make more from
the sale of surplus emission allowances than it costs to produce those
surplus allowances by reducing emissions. Moreover, if emission targets
are not fixed but are tied to a country’s GDP, then this will protect devel-
oping countries against the downside risk that rapid economic growth
will make it costly for them to achieve their targets, since as their
economies grow, their permitted emissions will rise as well.2 Frankel
believes that by setting indexed emission targets at an appropriate level,
developing countries can be enticed to participate. And so long as devel-
oping countries participate, and the US target is set at a relatively mod-
erate level initially, the United States will be willing to join as well.

Now, this analysis may prove correct, but the history of the climate
negotiations counsels us to be cautious. The unfortunate reality is that
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developing countries have been turning down proposals along essen-
tially similar lines as Frankel’s for the last seven years, first, in the late
1990s when they were being pushed by the United States during
the Clinton Administration; then, after the Bush Administration
rejected the Kyoto Protocol in 2001, when the European Union tried
a similar approach at the Conference of the Parties (COP-8) in Delhi.

Earlier I noted that Frankel tries to take into account issues of poli-
tical feasibility. But he is far more sensitive to feasibility vis-à-vis devel-
oped countries, and in particular the United States, than developing
countries. He assumes that an international carbon tax is off the table,
despite its policy advantages, because it would be unacceptable to the
United States. And he assumes that target allocations based on equal per
capita emissions are a non-starter, because they would be unacceptable
to developed countries. But he fails to take seriously developing country
opposition to emission targets. He seems to assume that their opposition
is transitory and changeable. Perhaps it is just a negotiating posture. Or
perhaps it simply results from ignorance, which could be overcome
through a better sales job regarding the benefits of targets. Whatever the
explanation, Frankel seems to think that it is just a matter of time until
developing countries come to their senses and realize that indexed
growth targets are in their interest – just as, after Kyoto, the European
Union eventually gave up its benighted opposition to emissions trading
and accepted trading as a desirable policy instrument.

Perhaps . . . but I have my doubts. I think we need to at least con-
sider the possibility that developing countries such as China and India
mean what they say, namely that economy-wide, binding emission
targets are unacceptable because they would unduly restrict their
national sovereignty. True, emission targets give countries flexibility as
to the choice of national implementing measures. States can implement
their targets through a domestic trading scheme, taxes, efficiency stan-
dards, and so forth. But because virtually every aspect of a country’s
economy contributes to climate change – not only energy production,
but also transportation, manufacturing, and even agriculture – an
economy-wide target represents, both symbolically and in practice, a
constraint on a country’s economy as a whole.

Although Frankel is more attuned to US political considerations
than to those of developing countries, his assessment of the US politi-
cal situation seems somewhat tone deaf as well. It is true, of course,
that concern about developing country participation in a targets-based
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approach has been a theme of US political debate for many years, high-
lighted by the Senate’s adoption of the Byrd–Hagel Resolution in the
run-up to Kyoto.3 But US opposition to a Kyoto-like solution now runs
much deeper. In part, it stems from the Bush Administration’s ideolog-
ical opposition to any mandatory regulation of carbon emissions. But,
in part, it reflects a deeper opposition to international constraints on
US sovereignty, which has made it difficult for the United States to join
multilateral treaties generally, even when they otherwise enjoy very
widespread support (as is the case, for example, with the 1982 UN
Convention on the Law of the Sea, which is currently tied up in the
Senate, despite support from the Bush Administration, the US military,
and the business community). It is conceivable that US opposition to
mandatory carbon regulation could change as a result of the 2008 elec-
tions; but the difficulty of joining multilateral treaties such as Kyoto is
a structural problem, which is unlikely to change anytime soon. Thus,
even if developing countries were to change their stripes, it is by no
means certain that this would induce the United States to reverse
course and accept binding targets and timetables. Indeed, the current
US position points exactly the opposite way. Rather than seeking devel-
oping country acceptance of emission targets, the Bush Administration
has sided with developing countries in opposing a targets-based
approach, both for itself and others.

In essence, Frankel’s paper starts from the assumption that, from a
political standpoint, there is nothing fundamentally wrong with targets
and timetables – they were negotiated in Kyoto, and they could be
negotiated again. It is just a matter of fine-tuning the formula for allo-
cating targets in order to win over reluctant countries. But, I think,
the trajectory of the climate negotiations over the past decade raises
questions about whether this diagnosis of the situation is correct.
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Like most policy analyses of the climate change issue, Frankel
implicitly sees it as a collective action problem. According to this view,
individual actors will be unwilling to take action, unless they can be
assured that their actions will be reciprocated by others; otherwise,
they will simply incur costs without getting any real environmental
benefit. The task of the international climate change regime, on this
view, is to ensure some reciprocity of effort, by defining appropriate
commitments for each party and providing some assurance of com-
pliance. That is what Frankel’s proposed target formula is intended
to do.

But, although the collective action analysis of climate change miti-
gation seems correct in theory, it has not done very well in practice in
accounting for the behavior of key actors. On the one hand, some
actors are pushing forward to address climate change, even though
their efforts are not being reciprocated by others. In the United States,
for example, states and cities are developing their own climate policies,
rather than waiting for action by the Bush Administration.4 On the
other hand, the Bush Administration has opposed binding emission
targets not just for itself, but for others as well. It is not trying to
free ride, as game theory would predict – it is trying to stop the bus
altogether.

Let me suggest an alternative way of conceptualizing the climate
change problem, which starts not by defining the policy desiderata for
a collective response to climate change, but from the efforts that are
already emerging from the bottom up, and asks, how might we make
some incremental progress? If we start from this end of the telescope,
so to speak, there are two questions to consider. First, are we doing all
that we can to exploit the level of political will that currently exists?
Are we getting the most bang for our buck? Second, what can we do
to increase the level of political will, in order to build on the efforts that
are already under way?

Starting with the second issue first, how might we increase the level
of political will? Now I recognize that the whole idea of political will
is fuzzy. What do we mean by it? How do we measure it? These ques-
tions do not have easy answers. And I think that Jeffrey Frankel is
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correct that many of the factors that might increase the political
salience of climate change, such as extreme weather events, are exoge-
nous to the climate change regime and, as such, we have little control
over them (except perhaps in the conspiratorial world of Michael
Crichton).

Nevertheless, to some extent, we may be able to influence the level
of political will by the way we design the climate regime; in that sense,
political salience may be partly endogenous to the system. This is one
of the rationales behind the framework convention/protocol approach,
namely, that a framework convention helps generate political will by
focusing public attention on a problem, thereby building concern
(Haas, Keohane, and Levy 1994; Bodansky 1999). It is also one of the
rationales for periodic scientific assessments, and for establishing a
long-term target for greenhouse gas concentrations or temperature
increase, toward which the international climate change effort should
aim. On this view, setting a long-term concentration target of, say,
450 ppm, could help serve as a catalyst for greater political action, the
way that John F. Kennedy’s pledge to go to the moon in the 1960s
helped galvanize public opinion.

Of course, thus far the UNFCCC has not been terribly successful
in building public concern. The IPCC, by contrast, has had a much
greater impact, particularly its fourth assessment report issued in 2007.
What more might the international negotiating process do to build
political will to address climate change? One option would be to link
the climate change agenda more closely with the development agenda,
in order to piggyback climate change on other issues that developing
countries care about (see Pershing, this volume). Similarly, in Western
countries, many suggest linking climate change with issues of greater
public concern, such as energy security.

Turning to the first issue, are we wringing out as much progress as
possible from what little political will currently exists? In my view, the
answer is no. The existing international climate change regime unnec-
essarily limits what can be accomplished internationally. First, it
includes virtually every country in the world, a factor that makes the
negotiations unnecessarily complex and difficult. Although it is
often said that climate change is a global problem requiring a global
solution, in fact just twenty-five countries account for more than 80
percent of global greenhouse gas emissions. If the climate change
negotiations were limited to a smaller group of countries – the so-called
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“big emitters,” for example, or the big economies, or like-minded
states, or perhaps regional groups – this would simplify the negotia-
tions considerably (Victor, this volume).

Second, although the Kyoto Protocol sets individualized targets
for each Annex B country, it contains only one form of commitment:
absolute targets and timetables, tied to historical emissions. Given the
wide range of differences in national perspectives and preferences
regarding climate change, the climate change regime needs a more flex-
ible approach, which allows different countries to assume different
types of international commitments – not only absolute targets, but
also indexed targets, taxes, efficiency standards, and so forth. This is
one of the important conclusions of the Pew Climate Dialogue at
Pocantico, in which senior policymakers, business leaders, and NGO
representatives participated.5 A more flexible, bottom-up approach
would attempt to build on what countries (and their subdivisions and
businesses) are already doing, rather than imposing a solution from the
top down (Pizer, this volume).

Would a more flexible, bottom-up approach provide a long-term
solution to the climate change problem? Probably not, at least if
climate change mitigation proves expensive. The more costly climate
change mitigation is, the more states will want to ensure that their
efforts are being reciprocated by other states, as the collective model
action predicts – and the more policy architectures like Frankel’s will
become crucial. But a bottom-up approach might, at least, help break
the current impasse and get the ball rolling. It reflects, not ideal policy,
but rather less than ideal politics.
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2.2 Incentives and meta-architecture

jonathan b. wiener

Jeffrey Frankel’s paper in this volume helps advance thinking about
two architectures: the architecture of a climate treaty regime, and the
larger surrounding structure or “meta-architecture” of the institutions
and decision framework within which the climate regime must be con-
structed. The former usage of “architecture” denotes the design of a
climate policy regime (see Schmalensee 1998). The latter usage is much
broader, embracing the structure of international relations and the evo-
lution of institutions over time (following Keohane 1982 and North
1990) – the foundation on which the climate policy architecture is built
or the constitutional framework within which climate regulation is
adopted (see Wiener 1999a). Here I offer comments on each of these
two architectures.

Climate policy architecture

Comprehensive, cap-and-trade

Frankel advocates the climate policy architecture in the Kyoto
Protocol, with improvements. It is important to recognize that the
basic climate policy architecture in both the 1992 United Nations
Framework Convention on Climate Change (UNFCCC) and the 1997
Kyoto Protocol arose from several years of expert analysis yielding a
bipartisan insistence on these elements by US negotiators. This climate
policy design was developed in both the Bush (father) and Clinton
administrations over the decade from 1989 to 1999: a “cap-and-trade”
regime that is “comprehensive,” covering multiple gases, sources and
sinks (see Stewart and Wiener 1990, 1992, 2003; Wiener 2001, 2002).
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As Frankel states, the “where” and “what” flexibility in this compre-
hensive cap-and-trade architecture would reduce the costs of global
greenhouse gas emissions limitations by roughly 70–90 percent, com-
pared to a CO2-only regime with no sinks and no trading. In addition,
there are environmental advantages which Frankel does not mention:
the comprehensive approach would prevent the perverse cross-gas
shifts (e.g., from CO2 to methane) that would occur under a narrow
CO2-only regime, and it would foster conservation of biodiversity in
forest sinks (Wiener 1995, 2002; Stewart and Wiener 1990, 1992,
2003).

Some critics assert that such a regime is unworkable because the task
of allocating allowances is too difficult for it to get off the ground. This
criticism is misplaced. First, all international climate regimes confront
problems of burden-sharing negotiations and compliance assurance. A
cap-and-trade regime arguably eases rather than worsens these prob-
lems – by sharply reducing costs, and by fostering post-allocation
transferability (which, as Coase (1960) showed, makes the initial allo-
cation less binding and hence easier to negotiate). Second, empirically
such systems do work: this approach is essentially the same policy
architecture that was used successfully to phase out ozone-depleting
substances such as CFCs (though with less trading), to reduce lead (Pb)
and SO2 in the United States (though not internationally and not multi-
gas), and to manage fisheries in New Zealand. It is also the same archi-
tecture currently being employed in the European Union’s Emission
Trading Scheme (ETS) (though not yet multi-gas) – a remarkable irony,
because the EU had earlier opposed the comprehensive cap-and-trade
policy design that the United States insisted be included in the 1992
UNFCCC and the 1997 Kyoto Protocol.

Fixing the flaws in Kyoto: participation and long-run
credibility

At the same time, however, two key problems remained inadequately
addressed by this policy architecture: engaging participation by major
developing countries, and setting targets over the long run.1 Frankel
tackles both. In his advocacy of the comprehensive cap-and-trade
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regime, and his strategies for addressing these two remaining prob-
lems, Frankel is in close agreement with Olmstead and Stavins (2006)
and Stewart and Wiener (2003), all of whom advocate the use of favor-
able allowance allocations (“headroom” or “growth targets”) to
deliver the side payments needed to engage the participation of devel-
oping countries, and the use of long-run emissions pathways derived
from benefit-cost analysis. Frankel also adds some new proposals.

Participation
Although the 1992 UNFCCC called for action by all parties, the 1995
Berlin Mandate decided that quantitative emission targets would apply
first only to wealthy countries, with no initial obligations for develop-
ing countries. The result was that the Kyoto Protocol targets covered
only the industrialized countries listed in its Annex B. But without cov-
ering the rapidly growing emissions of countries like China, India, and
Brazil, the regime cannot be environmentally effective. Developing
country GHG emissions are forecast to surpass industrialized country
emissions around 2020; China is set to surpass the United States by
2009. Even with US ratification, the Kyoto Protocol would only
achieve a small reduction in global emissions. Worse, this omission
could accelerate the emission growth in developing countries via
“leakage” of emissions-intensive activities from regulated Annex B to
unregulated Non-Annex B countries. Such leakage undermines the effi-
cacy of the treaty even further and also makes developing country
economies more carbon-intensive and hence less eager to join the treaty
regime in the future (Schmalensee 1998). The omission of major devel-
oping countries also cost Kyoto the participation of the United States
and Australia. The Clinton Administration signed the Kyoto Protocol
but declined to submit it to the US Senate for ratification until “mean-
ingful participation” by major developing countries was attained; and
the Bush (son) Administration withdrew the United States from Kyoto
for essentially the same reason. Engaging participation by major devel-
oping countries would accomplish four major advantages: addressing
their rapidly growing emissions, preventing leakage from Annex B to
Non-Annex B countries, reducing the cost of abatement via low-cost
opportunities in developing countries, and attracting the United States
and Australia to participate as well.

To engage full participation, Frankel proposes a formula for
allowance allocations that seeks to satisfy efficiency and equity criteria
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by incorporating income, population, and recent emissions (see his
Table 2.1). My reading is that Frankel intends this formula as a
conversation-starter, to get countries talking about phasing in more
fully global participation. But it is not a substitute for negotiated allo-
cations. Countries are unlikely to agree to a set of variables in princi-
ple and then wait to see whether their allocations turn out well or not;
they will bargain directly over the allocations. Formulas for targets
seem to perform at best an anchoring role in guiding negotiations.
Country governments will decide what allocations to accept based on
their perceived net benefits (Wiener 1999a), as mediated through the
complex mix of their foreign policy interests, domestic institutions and
interest groups (Wiener 1999b). Indeed, three of Frankel’s factors seem
aimed at ensuring national net benefits. Progressivity of allocation
burdens is important if the willingness to pay for climate protection
rises with wealth. Indexation of targets (e.g., to economic output)
offers insurance against escalating abatement costs when the economy
turns out to grow faster than expected but also yields tighter targets
when the economy turns out to grow more slowly (SueWing, Ellerman,
and Song 2006). And a safety valve (price cap on allowances) is a way
to avoid cost escalation from uncertainty about eventual true costs.
(Frankel does not say at what price the safety valve should be set.)

Frankel’s formula seeks convergence – at least in the very long term –
to “equal per capita emissions” worldwide. But this seems unnecessary
to attract participation (which, as just noted, depends on net benefits
and should be addressed directly). Fairness does not seem to require
equal emissions per capita, just as fairness does not require equal land
area per capita or equal water use per capita. It is not clear why, say,
Rawlsian justice or even Marxian “to each according to his needs”
would require rights to strictly equal amounts of physical resources.
If countries or individuals producing more-useful goods and services
have an argument for being able to use more physical resources,
then a better long-run goal might be equal emissions per unit of eco-
nomic output. (Frankel suggests that over the long term, if per capita
incomes converge, per capita emissions will also converge, but empir-
ical research suggests that this need not be so [Aldy forthcoming].)

Long-term targets and credibility
The Kyoto Protocol targets cover only a “first commitment period”
from 2008 to 2012, with subsequent targets left to future talks. For
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many of the Annex B countries, especially for the United States, these
Kyoto targets posed costly cuts from business-as-usual (BAU) emis-
sions forecasts (though Russia received extra allowances above its BAU
forecasts for 2010).

Academic studies at the time suggested that a least-cost path to stabi-
lizing atmospheric concentrations (e.g., at 550 ppm of CO2-equivalent)
would involve almost no abatement below BAU in the near term (i.e.,
much less stringent than Kyoto), and then very sharp reductions later
(say, after 2040), when new energy technologies would presumably
become available (Wigley, Richels, and Edmonds 1996). But this
approach neglects the interim benefits of reducing climate change
damages from emissions along the way. A full benefit–cost optimizing
approach, incorporating even a low estimate of gradual interim climate
damages (with no account taken of potential abrupt damages), sug-
gested that the optimal abatement path would begin to reduce emissions
below BAU somewhat earlier, around 2010, that is, more aggressively
than the least-cost path to stabilizing concentrations although still less
sharply than Kyoto (Hammitt 1999).

Frankel would set long-run targets based on benefit-cost analysis, as
would Stewart and Wiener (2003). But in defense of the more strin-
gent, near-term Kyoto targets, he contends that governments could not
credibly announce targets that would take effect only forty years after
they left office, because political officials can only act one political term
at a time and are unable to bind future governments. To be credible,
he argues, a policy requires some extra near-term bite even if it is more
aggressive than an optimal long-run path.

There are problems with this argument. First, it is not clear why a
credible long-term target demands more stringent as opposed to less
stringent initial targets than the optimal path. A government could seek
credibility for limiting emissions, or credibility for limiting abatement
costs. The choice depends not on credibility per se but on which kind of
error (rising emissions and climate change damages, or rising abatement
costs) one would rather avoid.

Second, even if a tighter, near-term target is needed to be credible,
benefit–cost analysis is still needed to decide how much tighter than
the optimal long-term target pathway would be truly optimal to
remedy the credibility problem. Frankel offers no other method for
deciding this question. He agrees that uncertainties are no obstacle to
benefit–cost analysis because they should still be handled explicitly

Incentives and meta-architecture 71



through benefit–cost analysis by “taking the best shot” in light of the
uncertainties. Thus, rather than counseling against using benefit–cost
analysis in setting optimal targets, the task of setting a credible target
actually necessitates using it, if credibility requires some optimal
adjustment from the ordinary optimal path.

Third, a tighter target does not solve the credibility problem, because
it can still be undone by future governments. For climate policy, setting
targets for a later period than the present political term is unavoidable.
The Kyoto targets, for example, were set for a date (2008–2012) that
was long after the political term of the leaders in office in 1997. Frankel
lampoons as non-credible a target set on least-cost criteria to require
no action initially and then a sudden “big day in 2050” when emis-
sions would be slashed; but a target set for the “big day” in 2012 (or
even 2008) shares the same criticism, from the vantage of 1997.
Perhaps Frankel would have favored an earlier target period in Kyoto,
say for 2000, but of course targets set in 1997 for the years during or
just after that presidential term would have had to be very minor to be
at all achievable.

In short, the credibility problem – derived from the inability to bind
future governments – is distinct from the duration and optimality of the
policy pathway. Even if a current government must demonstrate cred-
ibility with a near-term constraint, it need not stop at that near-term
constraint; it must and should still adopt a long-term phase-down
schedule that would have to be implemented by future administrations.
That pathway should still be guided by an optimal benefit–cost analy-
sis. In contrast to the Kyoto target period of 2008–2012 set in 1997, a
long-term pathway could have been set for, say, the four or five decades
from 2000 to 2040 or 2050. This would have been similar to the multi-
year emissions reduction schedules used in the cap-and-trade programs
to phase down lead (Pb) in gasoline (petrol) and to phase down SO2

emissions. Such a longer-term pathway gives industry more guidance on
investment decisions (and a better means for banking and borrowing
allowances over time) and gives regulators a better basis for tracking
actual progress than does a single five-year target period. Announcing
a long-term pathway shifts the default option, from no constraint after
the end of current target period (2012) to the designated pathway, and
may therefore make it more costly to change course; but so does the
present default option of no constraint (after 2012) make it difficult
to adopt a new second target. The question, inescapably, remains the
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optimality of the pathway in light of the twin costs of erring through
excessive emissions or excessive abatement costs.

Then this longer-term pathway should be (and would inevitably be)
adjusted, sequentially, by future negotiations among governments (as
Frankel proposes). At each point in time, our best benefit–cost analysis
charts a plausible optimal pathway (derived from a portfolio of scenar-
ios), and we must both act now based on that optimal pathway and also
update that policy over time. As noted above, benefit–cost analysis rec-
ommends doing more than nothing about greenhouse gas emissions in
the near term. Adjustability allows learning and adaptive management
in light of new information. In a dynamic problem characterized by
uncertainty and learning over time, it makes sense to set targets through
an iterative process of sequential decisions: policy, research, evaluation,
and adaptive policy revision. We will learn as we go, both about the
climate system and about economic responses and technology options.
Thus, even if a current government did adopt a fifty-year pathway for
emissions reductions, while it knew it could not bind future govern-
ments, it would still make sense to set and adjust that pathway over time.

Meta-architecture

Any specific policy regime must be formulated within the overarching
decision framework for government action. That framework is a meta-
architecture, a set of structures and rules that are fixed at least in the
short term. As James Buchanan has emphasized, one must understand
these decision-making institutions before designing policy options;
there is no “benevolent despot” to adopt by fiat the economist’s effi-
cient policy design (Buchanan 1987). Yet the climate policy literature
has repeatedly spoken as if there were a benevolent despot to impose
a global carbon tax or a long-run abatement path (see Wiener 1999a).
In reality, at the international level, apart from coercion through mili-
tary force or trade sanctions, the basic legal structure is that policy
regimes are binding only on those countries who agree to join. As
Frankel says, countries will not join a regime that imposes dispropor-
tionate costs. And the costs and benefits of joining a regime to prevent
climate change vary widely across countries.

Thus the problem is how to produce a global public good, via national
consent, among heterogeneous countries. The direct implication is that
the successful policy architecture must be not only collectively rational
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(Kaldor–Hicks efficiency), but also individually rational for those
joining the regime (actually Pareto improving) – joining must offer net
benefits to each participating country over not joining (Wiener 1999a,
Gruber 2000). Those benefits can include climate protection as well as
national co-benefits, such as in public health (e.g., from reducing other
pollutants), biodiversity conservation, energy security, and reputation.
Where national net benefits are not positive, some form of side payment
will be needed to attract participation.

In other words, although a substantially global regime is needed to
protect the global environment, countries have diverse interests, so
some mechanism is needed to make cooperation attractive to the
diverse countries significantly influencing the outcome. For major
developing countries whose priority is development and who view
climate change as of low importance or even as benign, this means that
climate policy must support their development goals, not impose
obstacles or costs to their development.

Further, countries are not monoliths but have contending domestic
factions and internal institutions (Wiener 1999b). To take one
example, the US Constitution requires a two-thirds majority to ratify
a treaty in the Senate, which accords greater representation to voters
in sparsely populated states (often western resource-rich states)
Business groups and environmental groups lobby Senators.
Meanwhile, these internal institutions and factions are often linked
across countries in transnational networks (Wiener 2001).

The spatial challenge

This meta-architecture poses a spatial challenge and a temporal chal-
lenge. The spatial challenge is of engaging cooperation among coun-
tries. How to engage major developing countries such as China, India,
and Brazil? How to engage the United States? Frankel, as well as
Olmstead and Stavins 2006 and Stewart and Wiener 2003, opts for
cap-and-trade with BAU or “growth” allowances to attract developing
countries. Frankel explains why this would work well but does not
compare it to alternatives, such as a tax. The comparison is complex;
what follows is but a brief overview:
• Decentralized unilateral action would not adequately respond to the

problem of a global public good. Global benefits of abatement will
exceed national benefits, so uncoordinated national action will be
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inadequate. See Olmstead and Stavins (2006). In certain situations
under favorable conditions – generally involving small close-knit
groups – some tragedies of the commons can be successfully
addressed through informal development of shared norms among
the players. Perhaps energy subsidies could be reduced through
coordinated disarmament, as Frankel suggests. But where measures
are costly, and at larger scales where reciprocity and monitoring are
more elusive, the tragedies persist unless stronger institutions
provide incentives for action in the common good.

• A global carbon tax, even if collectively efficient, will not attract
participation by those countries who see little benefit (or a loss)
from preventing climate change. To them the tax is pure cost. Yet such
countries are precisely the ones needed to address global greenhouse
gas emissions. See Wiener (1999a); Endres and Finus (2002). (Perhaps
a set of coordinated national GHG taxes, with offsetting reductions
in other taxes to yield a revenue-neutral double-dividend, would be
attractive in many countries; but unless the net costs of such taxes
would be negative [in which case one wonders why such taxes are not
being adopted unilaterally already], there will need to be side pay-
ments to cover the remaining net cost or else countries will not adopt
such taxes. The question remains how best to make those side pay-
ments. Further, countries can be expected to play “fiscal cushioning”
games that will undermine the effect of taxes more seriously than they
would affect quantity-based emission limits (Wiener 1999a).

• Developing new technology through government-funded research
and development (R & D) is desirable where private firms fail to
invest in basic research with long lead times. But it is insufficient,
because we also need some demand-side incentives to generate
adoption and diffusion. And taxes or tradable allowances would
also stimulate technology R & D by private firms.

• Hence, to engage participation, we need a policy instrument
combined with some system of side payments across countries.
Direct payments (project finance, such as via the Clean Development
Mechanism [CDM]) could involve roughly the same level of inter-
national transfers as under cap-and-trade. But without emissions
caps, they risk within-country leakage (see Frankel, footnote 14).
They also risk the perverse aggregate effects of a subsidy for
abatement that reduces emissions at each firm but expands the emit-
ting sector (as pointed out by Oates and Kohn; see Wiener 1999a).
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If direct payments are handled by government aid agencies, they also
risk the political distortions that market-based allowance trading
investments would avoid. And if aid payments are close to the price
of formal allowances, they risk discouraging recipient countries
from joining a formal cap-and-trade regime.

Alternatively, a global tax could be coupled with compensatory
side payments to indemnify reluctant countries against the costs of
the tax. But these side payments must cover countries’ net costs at
the margin (to achieve actual Pareto-improvement) and this would
undermine the incentive effect of the tax.

The best method of delivering these side payments is a cap-and-
trade regime with “headroom” allowance allocations (or “growth
targets”). Headroom allowances can be resold to deliver the side
payment; the cap prevents the perverse incentives that other side
payments could generate (Wiener 1999a, 2002; Stewart and Wiener
2003). Frankel suggests that emission targets for developing coun-
tries should be set below their BAU and above their “break-even
point” so that they face no net cost from joining (i.e., so that their
revenues from the sale of extra permits would just exceed their costs
of abatement). But the net costs of joining would also reflect the
benefits of climate protection (and other co-benefits). Thus develop-
ing countries that get some benefit from climate protection could
accept a target that is tighter (fewer allowances) than Frankel’s
“break-even” point, whereas developing countries that perceive
benefits from a warmer world would need extra allowances to meet
a no-net-cost criterion.

The temporal challenge

The temporal challenge is to engage present and future governments in
action on a sensible path with credible signals to motivate private
sector investments.

First, as Frankel asks, can current governments bind future govern-
ments to continue limiting emissions?2 Put another way, can the
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present force the future to bear some costs of policy action? Perhaps
intertemporal penalties or intertemporal side payments could influence
future governments? And are there institutions to enforce current poli-
cies on future governments, as courts enforce easements and servitudes
on future property holders? Frankel suggests pre-commitment to tight
targets, but as suggested above, it will still be important to learn over
time and adapt; we would not want climate rules that rigidly bind
future governments.

Second, there is a reverse problem of temporal mismatch: the future
cannot bind the present to act now. Current emissions will affect future
climate, but optimal action (e.g., development of new technology)
takes time, such that costs must be borne before benefits are accrued.
This yields an intertemporal externality, or a tragedy of the temporal
commons, in which the present can impose costs on the future (similar
to the problem of deficit spending). Current emissions impose damages
on future populations. And current policies also affect the future costs
of emissions abatement; if current policies do not stimulate invest-
ments in new technology, the declines in abatement cost now forecast
to face future governments may not come to pass.

A third temporal aspect may also inhibit short-term policy action:
perceptual updating. What is perceived as “normal” climate may
change over time. As the climate changes over a century or more (and
putting aside abrupt dramatic changes), each generation may experi-
ence only a small gradual change within its lifetime. Voters in any one
period may not perceive the changing climate and the damages occur-
ring over a longer period. (Increasing longevity may partly counteract
this problem.) Even if significant damages can be forecast over a forth-
coming century, within each generation the then-current climate may
be viewed as “normal” and there may be less motivation to reverse that
situation or to prevent future change. Whose valuations should be used
to measure future damages? Giving full respect to future generations’
own (adaptive) values could, ironically, imply lowering estimates of
damages, compared to present values, and thus doing less to forestall
future climate change than present values would suggest.

A fourth temporal challenge is that the governments of tomorrow
will not necessarily be the same as those we know today. It seems likely
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that there will be changes in major power geopolitics. From 1783 to
1815, global geopolitics were radically changed and a new multipo-
lar world order was created that persisted for a century. Something
similar could happen from 1989 to 2020. Today, the Chinese and
Indian economies are growing at almost 10 percent per year while
the US grows at 3.5 percent and the EU at 2 percent. By 2020 or 2030,
as China’s economic growth and CO2 emissions rise to exceed those
of America, the United States may no longer be the Lone Superpower
(a period that may come to be viewed as the short transition from
the Cold War to a new era). Instead there may well emerge a more
multipolar world of several great powers, including the United States,
an organized EU, and a rising China and India. Russia could ally
with Europe or remain a wild card, retaining large nuclear weapons
stocks and exercising market power in natural gas and emission
allowance markets. Japan and Brazil could also be major powers.
The roles of the Middle East, Africa, South America, and others could
also change. The key point here is that climate policy for the coming
century will need to be a part of the geopolitical meta-architecture
wrought by these powers in the future, not just the roles they play
today.

Conclusions

Jeff Frankel’s advocacy of a comprehensive cap-and-trade architecture
is in my view the best design for international climate policy, even if I
have questioned some of his proposals for allocation formulas and
long-term targets. In light of the spatial and temporal challenges of
designing policy architectures nested within the meta-architecture,
there are strong grounds to pursue some policy experimentation – to try
different approaches in plurilateral coalitions in order to provide a port-
folio of adaptive policy options (Hahn 1998; Stewart and Wiener 2003;
Pizer, this volume). Work by Carlo Carraro and others (see his entry in
this volume) suggests that plural coalitions are likely to form in any
case. The debate over policy instruments and architectures (e.g., cap-
and-trade, taxes, and technology R & D) could be better informed by
empirical experience with each. And such experimentation could also
be a way to engage participation of major developing countries. For
example, a cap-and-trade regime could be organized among the United
States, Australia, China, India, Korea, Brazil, and Mexico, in parallel
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to the Kyoto and EU regimes but with improved elements such as fully
comprehensive coverage of gases and sinks and no limits on trading
(Stewart and Wiener 2003), to test their comparative performance over
time. Jeff Frankel’s proposals for policy design, participation, and
targets could be tried by the Kyoto group. Other approaches could be
tried as well. Through such experimentation in a global policy labora-
tory, we would learn and adapt, possibly merging the systems after a
decade or so into a new global regime incorporating the best features
of each.
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3 Graduation and Deepening
axel michaelowa

Introduction

The Earth is warming rapidly. Over the last twenty-five years,
global surface temperatures have increased by almost 0.5°C and
reached levels not seen at least for the last millennium. The

impacts of global warming are increasingly visible and range from
longer vegetation periods over retreat of mountain glaciers to a shrink-
ing of the area covered by sea ice in the Arctic. The specter of extinc-
tion of polar bears due to disappearance of their habitat is a powerful
symbol used by environmental organizations to mobilize humanity to
fight climate change.

As global warming proceeds, the political discussion about its causes
and countermeasures intensifies. Owing to the tireless efforts of thou-
sands of scientists, the world’s knowledge on climate change has been
compiled in the Assessment Reports of the Intergovernmental Panel on
Climate Change (IPCC). Since 1990, three Assessment Reports of
thousands of pages each have been published and the fourth is due in
2007. Their message has become increasingly clear: global warming is
due to humankind. Ever since the Industrial Revolution in the late eigh-
teenth century, burning of fossil fuel and industrial processes have led
to emissions of greenhouse gases (GHGs) such as carbon dioxide,
methane, and nitrous oxide. Over the last two centuries, emissions of
these gases have increased dramatically. The wealthy societies of the
early twenty-first century are built on economic systems where green-
house gas emissions are ubiquitous. It will be a huge challenge to
achieve the transition to a low-carbon economy.

Once released to the atmosphere, the majority of greenhouse gases
will stay there for centuries until natural processes destroy them. Some
gases even have residence times of millennia. Therefore, international
climate policy is a task for many generations. As it started only two
decades ago, it is still in its infancy compared to international trade

81



and monetary policies. Nevertheless, already a series of steps have
been achieved that led from a very general framework to treaties defin-
ing detailed policy instruments. The United Nations Framework
Convention on Climate Change (UNFCCC) agreed in 1992 defined
the general outline of the regime. The Kyoto Protocol was achieved
in 1997 and defines a structure of emissions commitments and policy
instruments. A series of decisions taken in 2001 and confirmed in
2005 defined detailed rules for the operation of the Kyoto Protocol’s
instruments.

Compared to other international regimes such as the Law of the Sea
that took almost three decades to negotiate, the progress made in inter-
national climate policy so far is relatively good. The climate policy
regime is having annual meetings of its Conference of the Parties, has
two subsidiary bodies and a permanent secretariat. So it has the insti-
tutional characteristics of a stable regime. According to Sandalow and
Bowles (2001) the following seven parameters of a workable climate
treaty are all fulfilled in the Kyoto Protocol:
1. In light of varying economic and political circumstances, nationally

defined targets for total GHG emissions per time period are a better
alternative than common fiscal or regulatory policies.

2. Where political goals are usually insufficient, legally binding com-
mitments constitute effective incentives for action. The success of
these has been demonstrated for instance by the Montreal Protocol.

3. Cost-effective abatement strategies should apply to all GHGs.
4. Multi-year compliance periods are appropriate as a buffer to inter-

annual variations of GHG emissions caused by atypical weather
events or industrial cycles.

5. International emission trading constitutes an effective means of
meeting the objectives of the Convention in the most cost-effective
way.

6. As a transitional phase to abatement at source, sequestration by
afforestation has the dual advantage of reducing net GHG emis-
sions cost-effectively and creating or maintaining environmental
benefits.

7. According to current models of economic growth, GHG emissions
from developing countries are projected to surpass current indus-
trialized country levels. Mechanisms to reduce the associated GHG
emission intensity should include investment into clean energy and
energy efficiency, as well as options for developing countries to
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adopt individual targets and participate in international emission
trading.

In the discussions about the post-2012 climate policy regime, it is
often assumed that a paradigm shift is necessary. While many observers
criticize the Kyoto Protocol regime for its short-term orientation, it has
always been geared toward a regular updating. However, negotiators
have been sidelining a number of intractable issues instead of directly
facing them, such as future global commitments and integration of
some of the world’s largest greenhouse gas emitters in its system of
reduction commitments. Some path dependency is likely to evolve as
the regime becomes more mature, but this would be the case in any
policy regime.

The scenario “Graduation and Deepening” developed below organ-
ically orients the current regime toward strong emission reduction
commitments and a rapid integration of developing countries, thus
following the 7th criterion of Sandalow and Bowles. First, the assump-
tions underlying the scenario are described, followed by a descrip-
tion of its emission targets and policy instruments. Subsequently I
will discuss how to overcome barriers to the implementation of
“Graduation and Deepening.”

Key components of Graduation and Deepening

Graduation and Deepening is not a short-term fix but a long-term
concept for international climate policy. It can easily be adapted to
changing circumstances such as unexpected scientific results with
regard to future climate change or changes in economic systems.
Graduation and Deepening builds on legally binding emission targets,
the efficiency properties of market mechanisms and the cost reduction
potential of addressing a wide range of greenhouse gases and mitigation
options.

Definition of a greenhouse gas concentration target

Theoretically, a policy measure should be evaluated according to the
present value of its benefits and costs. Optimally, the present value of
net benefits would be maximized. In climate policy that has a time
horizon of centuries, use of a benefit–cost approach is difficult due to
the problem in setting a long-term discount rate, due to the need to
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valuate non-market impacts, and due to the assumption that distribu-
tion does not matter (for a good discussion of these points see Goulder
[2003]). If economists cannot use a benefit–cost approach, they use the
standard-price approach as a second best (Baumol and Oates 1971).
The standard has to be set by the political process (which obviously
generates an opportunity for lobbies to influence the standard level)
and then instruments are introduced to equalize marginal costs of
reaching the standard. For a global pollutant, equalization of marginal
costs means that mitigation cost is minimized. This does not mean that
the burden for everybody is the same, as an action to mitigate green-
house gas emissions can be implemented by one actor but its costs
covered by another one. The Kyoto Protocol has many features of a
standard-price approach. The emission targets define the standard and
the Kyoto mechanisms allow marginal cost equalization. However, the
targets cover only a limited share of global emissions.

For a long-term cost-effective emission target path, an atmospheric
concentration target has to be defined. No country has formally pro-
posed such a target in the negotiations. In 1997 the European Union
(EU) suggested long-term stabilization at 550 ppm (parts per million)
CO2.

1 The second step would be to define the target date and a path
towards reaching the target. From there, the maximum level of global
GHG emissions in a given period could be quantified setting the base
for negotiations concerning the allocation of emission targets to all
countries. A 450 ppm target is unlikely to be acceptable in the inter-
national negotiations while a 550 ppm target could be agreed as an
indicative concentration target, as there is an increasing consensus that
costs of reaching the 550 ppm target are much lower than of reaching
450 ppm (Edmonds and Sands 2003: 178). If the 550 ppm target is
agreed, it should also be possible to achieve a consensus that global
emissions should not peak later than 2030. Obviously, the emergence
of new results regarding nonlinear effects of greenhouse gas concen-
tration should lead to a revision of the concentration level and emis-
sion path over time. A process should be envisaged where each new
IPCC assessment report triggers a reassessment of both concentration
target and emission path underlying the global climate policy regime.
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Expanding the circle of countries with obligations under the
UNFCCC through thresholds

Article 3 of the UNFCCC defines the principle of common but differ-
entiated responsibilities. It can be interpreted in the sense that coun-
tries should take up emission targets once they reach, for example, a
level of wealth or of emissions comparable to the current Annex B
countries. Such a threshold approach could lead to a “fair” contribu-
tion of countries to greenhouse gas mitigation. A generally agreed def-
inition of “fairness” or “equal contribution” does not exist. Major
elements for such a definition (see also Pichs et al. 2000) could be:
• historical responsibility;
• the need for (sustainable) development;
• capability in terms of finance (Jansen et al. 2001); and,
• capacity in terms of (cheap) mitigation potential (Claussen and

McNeilly 1998).
Several options as to how thresholds may be defined can be derived
from these elements, e.g., GDP per capita, cumulative past emission
(“historical responsibility for climate change”), emissions per capita,
etc. In order to reach a global emission path, the level of the threshold
and the stringency of targets for countries that have passed the thresh-
old are two distinct variables that can be set. The emission data source
used for the following calculations is the World Resources Institute’s
(2006) Climate Analysis Indicators Tool; GDP per capita is taken from
the International Energy Agency (IEA) (2005).2 Micro-states of fewer
than 100,000 inhabitants such as San Marino and dependent territories
(e.g., Bermuda) are not analyzed. The latter should in any case be taken
into account as part of their respective Annex B “mother” country.

If thresholds are to be based on financial indicators, one can – to a
certain extent – take into account the capacity of a country to con-
tribute to global GHG emission reduction or limitation. Financial indi-
cators can be expressed in income per capita or in purchasing power
parities of a reference period or averages of past periods per capita. This
idea was first developed by Claussen and McNeilly (1998) but only
applied in a fairly superficial manner. Gupta (1999), Gupta, van der
Werff, and Gagnon-Lebrun (2001), and Gupta (2003) developed a far
more detailed version with a “graduation profile” matrix comprising
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per capita emissions and per capita income. There are nine possible
entries in their matrix, each leading to a different target and policy
package. They, however, do not quantify the thresholds. Based on the
same idea but a simpler application, Graduation and Deepening is
based on a graduation index complemented by overall emissions and
institutional thresholds for our scenario.

Combined financial and emission thresholds: graduation index
A combination of per capita income and per capita emission thresholds
captures both ability to pay and the “polluter pays” principle. Each cri-
terion should get the same weight as both principles are equally
important and are not directly correlated. If a “graduation index” is
calculated where both figures are weighted with 50 percent, we get the
results shown in Table 3.1. For the underlying per capita GDP (mea-
sured in purchasing-power parities) and emissions data, see Appendix.
An index value of one corresponds to $10,000 GDP per capita and 10
tons CO2 equivalent per capita, since this yields an approximately
equal weight of each component on the world average.
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Table 3.1 Combined GDP and emissions per capita thresholds
(year 2000)

Share of Emissions
world change

Graduation Emissions emissions 1990–2000
index1 (MMTCO2) (%) (%)

Qatar 5.1 39.7 �142
United Arab Emirates 2.8 117.2 1�74
Kuwait2 2.4 69.1 �165
Bahrain 2.0 16.6 1�35
Brunei 1.2 7.2 1�26
Singapore 1.9 55.8 1�81
Average Annex B 1.8 305.6 0.9 1�92
Israel 1.6 77.3 1�64
Taiwan 1.5 230.4 1�78
Saudi Arabia 1.5 340.6 1.0 1�67
Trinidad and Tobago 1.4 24.9 1�19
Korea 1.4 521.2 1�78
Cyprus 1.3 8.0 1�51
Oman 1.2 29.2 1�81
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Share of Emissions
world change

Graduation Emissions emissions 1990–2000
index1 (MMTCO2) (%) (%)

Malta 1.2 2.4 1�10
Lowest Annex II 1.23 1234 3.6 1�72
Bahamas 1.1 2.0 11�9
Barbados 1.0 1.5 11�7
Argentina 1.0 292.3 1�16
South Africa 0.9 417.9 1.2 1�17
Turkmenistan 0.9 64.1 11�4
Botswana 0.9 15.1 1�24
Libya 0.9 62.6 1�26
Kazakhstan 0.8 161.0 1�51
Malaysia 0.8 164.8 1�79
Uruguay 0.8 25.5 1�27
Venezuela 0.8 243.0 �20
Chile 0.7 76.4 �52
Gabon 0.7 10.1 �10
Iran 0.7 480.3 1.4 �67
Mexico 0.7 511.8 1.5 �19
Mauritius 0.7 4.0 �67
Mongolia 0.7 27.8 �7
Brazil 0.6 849.9 2.5 �75
Namibia 0.6 10.6 �23
Guatemala 0.6 21.5 �41
Costa Rica 0.6 12.5 �16
Turkey 0.6 362.0 1.1 �31
Macedonia 0.6 11.2 �9
Thailand 0.5 264.5 �51
Equatorial Guinea 0.5 2.5 �316
Panama 0.5 11.7 �43
Lowest Annex B 0.5 4109 12.0 �21

Notes:
1 $10,000 per capita and 10 tons CO2 eq. per capita give the graduation index

value 1.
2 Very low 1990 level due to Iraqi occupation; compared to 1989 level, energy-

related CO2 emissions are constant!
3 Switzerland.



To illustrate calculation of the graduation index we use the example
of Qatar. It has a GDP of $33,833 per capita (GDP index component
� 3.4) and annual per capita emissions of 67.9 tons CO2 (emissions
index component � 6.8). The graduation index of Qatar reaches 5.1
and is shown in the first line of Table 3.1.

Thresholds are defined by the per capita income and emissions
characteristics of countries that currently are members of Annex B of
the Kyoto Protocol. The highest threshold is set at the average per
capita emissions and income of Annex B countries. Any country
passing this threshold has the characteristics of a typical Annex B
country and thus should be treated similarly to those countries (see
discussion below). The second threshold is defined by Switzerland,
the country included in Annex II (i.e., providing resources to the
financial mechanisms of the UNFCCC) that has the lowest value of
the graduation index due to a very low level of per capita emissions.
The third and lowest threshold is set by Ukraine, the Annex B
member with the lowest level of the graduation index, mainly due to
a low per capita income.

Absolute emission thresholds for policy commitments
Many large emitters such as India and China do not graduate because
their index levels are below the lowest threshold. In Graduation and
Deepening, emitters above 50 million tons CO2 equivalent annual emis-
sions (see Table 3.2) are parties to a special Annex which allows them
to choose between an ex ante intensity target with emission trading, or
use of countrywide Clean Development Mechanism (CDM; see discus-
sion in the policy strategies section). These countries could also give a
voluntary commitment to implement all macroeconomically sensible
policies with greenhouse gas benefits. A narrow approach would be to
address all projects that are pure monetary no regrets. Krause (2000:
30f.) estimates the potential at 1.7 to 6.7 billion tons CO2 for the period
2008–2012. A wider perspective would be to take positive local pollu-
tion externalities into account (“ancillary benefits,” OECD 2000). In
severely polluted areas, the externalities can be higher than the costs for
greenhouse gas abatement and reach values of above $10/tons CO2

equivalent.
These countries account for 29 percent of world emissions and

thus combine more emissions than the entire set of graduating
countries (16.5 percent). In contrast to general perceptions, their
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emissions increases during the 1990s have been smaller than those of
the countries that graduate. Rapidly industrializing countries would
quickly move up the per capita income ladder, meaning that they
would graduate in a post-2017 commitment period. China would
probably graduate more quickly than India. The provision of incen-
tives such as countrywide CDM to embark on reductions would
enable a “meaningful participation” of these countries right from
2013.
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Table 3.2 Emitters above 50 MMTCO2 in 2000

Emissions  Emissions change TCO2/ GDP/capita 
(MMTCO2) 1990–2000 (%) capita ($ PPP)

China 4962 �32 3.9 4059
India 1901 �41 1.9 2364
Indonesia 503 �25 2.4 2790
Pakistan 285 �38 2.1 1715
Nigeria 193 �18 1.5 763
Egypt 178 �66 2.8 3352
Colombia 160 �23 3.8 5535
Vietnam 132 �54 1.7 2057
Algeria 126 �22 4.1 5153
Philippines 131 �46 1.7 3827
Bangladesh 122 �34 0.9 1533
North Korea 111 �66 5.0 1262
Iraq 101 �15 4.4 1202
Sudan 100 �18 3.2 1767
Myanmar 83 �32 1.7 4664
Peru 70 �42 2.7 4457
Cambodia 69 �11 5.4 NA
Syria 67 �40 4.1 3005
Ethiopia 63 �29 1.0 813
Serbia 62 �39 5.8 3858
Tanzania 61 �17 1.8 520
Morocco 58 �29 2.0 3413
Kenya 54 �10 1.8 927
Azerbaijan 55 �16 6.9 2659
Congo, D.R 52 �2 1.1 643
Cuba 50 �13 4.5 6540



Organizational thresholds
Other than being derived from quantitative thresholds, graduation has to
be linked to organizational parameters, i.e., on a country’s membership
in certain intergovernmental organizations. This is based on the obser-
vation that some organizations only admit countries that have reached a
certain degree of economic development. In fact, Organisation of
Economic Co-operation and Development (OECD) membership origi-
nally defined Annex II membership in the UNFCCC. Likewise, being a
recipient of the World Bank’s International Development Association
(IDA) funds or food aid is a clear signal that a country is still a low-
income, developing country. We therefore assume the following simple
institutional graduation scheme: membership in the European Union, the
OECD, or the IEA results in automatic inclusion in Annex B but least
developed countries and recipients of IDA funds or food aid would be
exempt from any target. Korea, Cyprus, and Malta would move up from
the second level of graduation, Mexico from the third level.

Definition of emission targets according to graduation status

To achieve the emission path leading toward the concentration target
and to convince developing countries to accept targets under the grad-
uation formula, the targets of current Annex B countries have to lead
to an intensification of the emission-reduction trends initiated in the
first commitment period. Especially for countries in transition, targets
would be considerably stricter taking into account the availability of
hot air. As policymakers tend to use simple numbers,3 target differen-
tiation could be made in multiples of 3. Owing to complaints that
the base year 1990 is arbitrary and inequitable, targets should be
based on a simple reduction from “business-as-usual” (BAU). Under
Graduation and Deepening, BAU would be proposed by review teams
for Annex B countries with hot air in a similar process as adjustments
to Assigned Amounts are made under the Kyoto Protocol. The final
BAU figure would have to be agreed by the government of the respec-
tive country. For all countries without “hot air”, BAU would be
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ation of one percentage point between the EU, USA, and Japan. The small
project thresholds of the CDM all use the number 15, leading to an inconsistent
but seemingly easy and just outcome.



defined by Kyoto Protocol first commitment period target levels. This
would create the following target allocation (see Table 3.3), where the
first column shows the target in percentage reduction compared to the
first commitment period level. Columns two and three show the dif-
ference between the emissions the countries had in 2000 and their
target level in 2013–2017. The column “emissions gap in 2000” refers
to the difference between emissions in the year 2000 and the emission
target for the second commitment period. BAU forecasts could have
been used but were not chosen due to the political nature of many
of those forecasts. Underlying emissions data are taken from WRI
(2006).
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Table 3.3 Target allocation for members of current Annex B in
the commitment period 2013–2017 and target difference to
current emissions

Target for Emissions Emissions gap
emissions level gap 2000 2000 (MMTCO2

(% change from (% difference difference from
2008–2012) from target) target)

Ukraine1 �47 2.1 10
Russia1 �42 15.5 257
Australia �12 24.8 95
EU-28 16.8 827
Canada 42.1 213
New Zealand �6 15.2 11
USA 31.3 1653
Iceland �3 0 0
Japan 19.8 217
Norway 14.9 7
Switzerland 5.9 3
Sum (compared �23.3 17.9 2293

to 1990)

Notes:
The column “emissions gap 2000” refers to the difference between emissions in the
year 2000 and the emission target for the second commitment period. BAU
forecasts could have been used but were not chosen due to the political nature of
many of those forecasts. Underlying emissions data are taken from WRI (2006).
1 Derived from hot air estimates in studies cited by Korppoo, Karas, and Grubb

(2006).



Taking the 2000 levels, an annual demand of 2.3 gigatons CO2

equivalent would be generated. Given that Annex B countries have
difficulties in getting on an emissions trajectory leading them toward
their targets of the 2008–2012 period, a substantial increase in that
demand level is likely. However, there is still substantial potential for
low-cost emission reductions in Russia, Ukraine, and Eastern Europe.
Moreover, the accumulated volume of “hot air” in Russia alone is
likely to surpass 2 billion tons CO2 equivalent (Korppoo, Karas, and
Grubb 2006) and about 2.5 billion tons in the EU accession countries.
It would thus cover several years’ demand.

The concentric circles of target stringency

We assume that all countries achieving the lowest graduation index
threshold take up absolute targets, but with a base year of 2012 instead
of 1990. There will be a decreasing degree of target stringency accord-
ing to the level of the graduation index:
• Countries that join Annex B due to institutional graduation and

countries whose graduation index is above Annex B average
take the unweighted average reduction rate applied for current
Annex B members with the exception of hot air countries, i.e.,
6 percent;

• Countries whose graduation index is above the lowest Annex II
country value take the lowest Annex B reduction rate, i.e., 3 percent;

• Countries whose graduation index is above the lowest Annex B
country value stabilize emissions at 2012 levels;

• Countries on the large emitters list that lie below the graduation
index threshold can use a countrywide CDM (see below).

Overall target allocation

Making a linear trend extrapolation of emissions growth from the
1990s to 2015, emission budgets and reduction needs for the graduat-
ing countries can be derived (see Table 3.4). This must be seen as a pes-
simistic variant, not taking into account saturation tendencies in
countries at the top of the graduation index list.

The total annual demand would be around 1 billion tons CO2

equivalent, i.e., about 3 percent of 2000 world emissions and about a
third of the demand generated by the “core” Annex B countries.
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Table 3.4 Emission targets for Non-Annex B countries1

Estimated  Emission target Absolute 
emissions 2015 (compared emission
(MMTCO2) to 2012) reduction need

Brazil 1806 1615 191
Korea 1131 949 182
Iran 963 866 97
Saudi Arabia 683 596 87
Mexico 658 590 68
Turkey 530 497 33
South Africa 524 503 21
Taiwan 500 446 54
Thailand 467 426 52
Argentina 362 348 14
Malaysia 360 321 39
Venezuela 316 301 15
United Arab 247 221 26

Emirates
Qatar 124 107 17
Singapore 153 110 43
Israel 152 137 15
Chile 136 124 12
Libya 87 82 5
Oman 65 56 9
Turkmenistan 64 64 0
Uruguay 36 34 2
Guatemala 35 32 3
Trinidad and Tobago 32 30 2
Mongolia 31 30 1
Bahrain 26 24 2
Botswana 20.5 19.5 1
Panama 19.2 17.7 1.5
Costa Rica 15.5 14.9 0.6
Equatorial Guinea 14.4 11.9 2.5
Namibia 14.3 12.9 1.4
Cyprus 14.1 12.3 1.8
Brunei 10.1 9.4 0.7
Gabon 11.6 11.3 0.3
Mauritius 8.0 7.2 0.8
Bahamas 2.0 2.0 0



Role of the flexible mechanisms in Graduation
and Deepening

Attractiveness of IET compared to CDM

Non-Annex B countries can participate in International Emission
Trading (IET) once they have joined Annex B and thus could avoid the
higher transaction costs of the project-based mechanisms:4

• Project identification and baseline selection;
• Project approval;
• Monitoring and verification of project performances;
• Certification of GHG emission credits obtained as a result of CDM

activities;
• Negotiating sharing of achieved credits.
It is quite obvious that for most developing countries and countries in
transition climate change does not belong to the priority tasks and they
do not intend to implement measures exclusively aimed at GHG emis-
sion reduction. For such countries, CDM is the instrument of choice as
it helps to introduce new environmentally sound technologies in key
economic sectors. That will promote both GHG emission reduction and
sustainable development. In addition to these benefits, the participation
in the CDM will further help to create national institutions to address
climate change issues (Michaelowa 2003) and promote markets.
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Table 3.4 Emission targets for Non-Annex B countries1 (continued)

Estimated  Emission target Absolute 
emissions 2015 (compared emission
(MMTCO2) to 2012) reduction need

Malta 2.4 2.3 0.1
Barbados 1.7 1.6 0.1
Sum 9622 8621 1001
% of 2000 world 28.5 25.5 3.0

emissions

Note:
1 Kuwait is missing due to lack of a reliable growth rate.

14 Transaction costs for emission trading systems are about an order of magnitude
lower than for project-based mechanisms (Michaelowa et al. 2003).



If a Non-Annex B country joins Annex B, the CDM projects it
hosts automatically lose their CDM status. There are the following
possibilities:
• No compensation for loss of Certified Emission Reductions (CERs)

is given;
• Projects are converted into Joint Implementation (JI) and instead of

CERs generate the same amount of Emission Reduction Units
(ERUs);

• The investors receive Assigned Amount Units (AAUs) equal to the
CERs;

• The investors are bought out.

The CDM market – real participation by developing countries?

Even if there is no expansion of Annex B, the CDM could already now
lead to a considerable involvement of developing countries in mitiga-
tion activities. However, the Kyoto Mechanisms are competing against
each other due to the decision taken at Marrakech that all types of
emission rights are fully fungible. While CERs and ERUs formally can
only be banked up to a limit of 2.5 percent of a country’s emission
budget and Removal Units (RMUs) from sinks projects are not bank-
able, countries will just use up RMUs, CERs and ERUs first, and bank
AAUs. Moreover, there is no formal supplementarity threshold; in
principle countries can buy as many emission rights abroad as they
like.

The shares and revenues of the different mechanisms are strongly
dependent on demand and supply. If one takes the targets for the first
commitment period only and assumes the United States and Australia
stay at the sidelines, the market is very lopsided. The withdrawal of the
United States has reduced demand by over two-thirds. Russian hot air
covers the residual demand alone; Ukrainian and Eastern European
hot air add about the same amount. Thus the CDM and JI market
depends on voluntary export restrictions of the hot air countries; an
alternative would be voluntary import restrictions for hot air as
already defined in the EU “linking directive” (EU Commission 2004).
The linking directive specifies that only CERs and ERUs can be
imported for use in the EU Emission Trading Scheme; credits from
forestry projects are excluded. Member countries shall define caps for
use of CERs/ERUs.
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Current experiences with the CDM market show that price expect-
ations of €15–20 per ton CO2 can mobilize several billion tons of
reductions relatively quickly. JI supply depends on the willingness of
hot air countries to embark on positive cost measures whereas JI
demand depends on the willingness to buy hot air. The latter so far has
been limited but the situation may change once JI institutions in
Russia and Ukraine are operational. The situation changes substan-
tially if the targets of the second commitment period are known well
in advance of the first period, involve more countries, and are rela-
tively tough as in our scenario. Then banking of hot air as well as
CDM (and to a lesser extent JI demand) will increase and several
billion tons of reductions could be mobilized. In the context of a
scheme to involve countries with high absolute but with low per capita
emissions and low GDP, a CDM that would assign CERs to the intro-
duction of policies such as a renewable energy portfolio standard or
energy efficiency standard may be able to mobilize a high amount of
reductions. The baseline for such a CDM would be the situation
without the policy.

Other policy elements of Graduation and Deepening

There are a number of policy elements beyond the target setting that
would improve coverage of emissions and efficiency of reductions
under Graduation and Deepening.

Coverage of international transport

The Kyoto Protocol exempted international air and sea travel from the
emission reductions commitment of Annex B targets. This exemption
should be lifted. Emissions could be allocated to the countries where
trips originate and end, or the International Maritime Organization
(IMO) and the International Civil Aviation Organization (ICAO)
would be allocated a distinct target (see Bode et al. 2002). Emissions
from air travel should use a special conversion factor that includes the
indirect effects due to the specific chemistry of aircraft emissions in the
high troposphere. Using IPCC results, this factor amounts to 2 to 4
(IPCC 1999). Contrail effects are not included in this estimate but
should enhance this factor further as recent findings have reconfirmed
their significance (Travis, Carleton, and Lauritsen 2002). Our scenario
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assumes that IMO and ICAO become parties to the Kyoto Protocol
and get an absolute stabilization target at 2000 levels.

Carbon sequestration by biospherical sinks

Biospherical sinks can be classified as terrestrial sinks or marine sinks.
Many stakeholders see terrestrial sinks as a cheap option to comply
with emission targets while contributing to “save the world’s large
forests.” At the same time, the inclusion of terrestrial sinks is a chance
for many developing countries to participate at the global market
for emission certificates. Potentially, soil sinks can become highly
important. Soil sequestration and general sustainable development
practices in agriculture are a much easier “fit” than forest sinks and
sustainable development. Marine sinks can involve artificial fertiliza-
tion (see Michaelowa, Tangen, and Hasselknippe 2005). Graduation
and Deepening allows the use of biological sinks, i.e., forests, soils, and
seas without limit if they can be monitored. CDM sinks credits are tem-
porary (expiry at the end of each commitment period but re-issuance
if the sink continues to exist). CDM would include forest protection in
the lines of the deforestation avoidance proposal submitted by Papua
New Guinea at the Conference of the Parties in late 2005. Countries
can use marine sinks in their exclusive economic zone for compliance.

Carbon capture and geological storage

Carbon dioxide could be separated from the effluent gas of fossil-fuel-
fired plants, collected and stored in aquifers, coal seams and empty oil
and gas reservoirs. In Graduation and Deepening, countries can use
geological sinks on their territory but are liable for any leaks. CDM
credits from storage are subject to the same rules as for biological sinks.

Coverage of substances generating tropospheric ozone

Additionally to the Kyoto basket of six greenhouse gases, tropospheric
ozone, which has a share of radiative forcing of almost 15 percent,
should be included in the international climate policy regime. Besides
being a greenhouse gas, ozone acts as a major local pollutant with neg-
ative effects on health and agricultural production. Targets would have
to be expressed in units of the well-monitored precursors NOx, CO, and
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VOC as the concentration of ozone is difficult to measure. These pre-
cursors cannot be directly included in the Kyoto basket as they do not
generate radiative forcing and thus Global Warming Potentials (GWPs)
are not applicable to them. A rough and easy way to take them into
account would be to translate the overall Kyoto basket target to NOX,
CO, and VOC, i.e., if a country has a reduction target of 5 percent for
the Kyoto basket, NOX, CO, and VOC have to be reduced by the same
percentage. Two NOX emission trading systems have been implemented
in the United States and are functioning well. Problems of noncompli-
ance with NOX caps in the RECLAIM program during the California
electricity market crisis were mirrored by noncompliance of facilities
subject to other forms of regulation (Burtraw et al. 2005).

Change of GWPs for conversion into CO2 equivalent

In Article 5.3, the Kyoto Protocol fixed the use of 100-year GWPs as
specified by the IPCC Second Assessment Report (SAR) for the first
commitment period. Accordingly, the 2001 update of GWPs by the
Third Assessment Report (TAR) has not been followed by the Kyoto
Protocol. A procedure for updating GWPs to reflect the latest science
should be developed. Also, the 100-year time frame may not be seen as
adequate. Choosing a different time horizon might lead to significant
differences in the GWP of a given greenhouse gas (see Table 3.5). In
Graduation and Deepening we assume that GWPs are updated for the
second commitment period to the values derived in the IPCC’s Fourth
Assessment Report (AR4) published in 2007, for example for HFCs
(Gohar, Myhre, and Shine 2004). While GWPs have been criticized by
economists, so far no convincing alternative metrics has been found
(Fuglestvedt et al. 2003).

Policy strategies to make graduation and deepening happen

As in other policy fields that were initially believed to be unmanage-
able, an aggressive strategy on climate policy can become a mainstream
position. Even oil-exporting countries may realize that phasing out
coal production is in their interest and that keeping oil reserves in the
long term for high-value-added chemical industry uses is better than
shelling out oil in the short term. The following strategies could be used
to promote Graduation and Deepening.
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Weather catastrophes as political windows of opportunity

Extreme weather events such as Hurricane Katrina make the common
man think about the impacts of unfettered climate change. They are
thus an excellent opportunity to push policymakers to commit them-
selves to ambitious mitigation efforts. But people quickly forget, so the
chance passes. An example of a chance grasped is the drought in the
US Midwest in 1988 that led to the US support of developing an inter-
national climate policy regime. Likewise the German flood of 2002
which fell in the general election campaign was used by the Green Party
to quickly put up posters announcing “We fight climate change.” The
Green result improved markedly compared to earlier polls and they
were able to put an indicative 40 percent emission reduction target in
the coalition treaty. Of course, initial political gains after a catastrophe
can be eroded by stubborn lobbies of which France is a good example.
The big storms of late 1999 led to the announcement of an ambitious
climate policy strategy with a carbon tax as its cornerstone. However,
within two years of debate, the tax had been successfully prevented by
the emitter lobbies.

Graduation and deepening 99

Table 3.5 GWP changes over time

IPCC IPCC IPCC IPCC 
Average SAR TAR TAR TAR 
lifetime Kyoto 20-year 100-year 500-year

Gas (years) Protocol horizon horizon horizon

CO2 Variable, 1 1 1 1
about 150

CH4 12 21 62 23 7

N2O 114 310 290 296 156

HFCs 0.3–260 140– 40– 122– 4–
(majority 11,700 9400 12,000 10,000
double-digit)

PFCs 2600– 6500– 3900– 5700– 8900–
50,000 9200 8000 11,900 18,000

SF6 3200 23,900 15,100 22,200 32,400

Source: IPCC 2001: 388–389.



An analogy from the past where the window of opportunity was
used is the sharp and costly SO2 reduction in the early 1980s in
Germany after reports of widespread forest dieback (“Waldsterben”).
Despite later news that forest dieback was not as severe as thought, the
program was continued.

The international negotiations would need a ratcheting structure of
target offers that would allow countries to offer a target that could be
strengthened at a subsequent negotiation session but not weakened.
Then policymakers could ratchet up their offer after an extreme event.

Linking carrots and sticks

Graduation and Deepening includes carrots and sticks that shall cater
to different critical groups.

The full inclusion of sinks allows countries with large geological
reservoirs, vegetation and marine areas to cover a large part of their
commitment. This should be attractive to the United States and
Australia that have already embarked on large-scale sequestration
research and development (R & D) programs. The “hot air” countries
will also be compensated to some extent by sinks on their large terri-
tories for their more stringent target.

The full use of international flexibility is attractive for all parties
under the regime. An effective stick could be the exclusion from the
mechanisms if a country does not take up a target despite passing the
graduation threshold. Graduation is also sweetened by the chance to
exchange the relatively cumbersome project-based CDM for emissions
trading and JI.

Grasping the fruit of past effort

Owing to the large-scale support of renewable energy, the situation
could be reached when the cost gap to fossil fuels closes. For some tech-
nologies, there are clear indications that this is happening. For
example, wind power in very good sites is only a hair’s breadth away
from being competitive with new coal-fired power plants. The increas-
ing age of the fossil-power plant fleet makes it increasingly impossible
to rely on fully depreciated Methuselah plants. Countries with a large
renewable energy industry will become a lobby of strong climate policy
efforts.
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Conclusions

“Graduation and Deepening” builds on an increased political salience
of climate change. A series of extreme weather events with major losses
could induce the electorate in industrialized countries to embark on
tough emission reductions after 2012. Political consensus could be
achieved to orient the global emission path towards a stabilization at
a concentration of 550 ppm CO2. As industrialized countries show
leadership, the country group that accepts quantified emission budgets
expands. Per capita income and per capita emissions define differenti-
ated thresholds for participation. Owing to an overall success of the
Kyoto Mechanisms in the first commitment period, their basic struc-
tures will remain valid. The sequestration of carbon dioxide by bios-
pheric sinks and technical storage in geological formations plays an
increasing role.
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Table 3.A.1 Non-Annex B GDP (ppp) and per capita emissions data
for 2000 and comparison to Annex B levels

GDP per capita Emissions per capita (TCO2)

Qatar 33,833 67.9
Singapore 23,600 13.9
Average Annex B1 21,916 14.1
United Arab Emirates 20,688 36.1
Israel 20,587 12.3
Taiwan 19,645 10.4
Malta 17,500 6.1
Korea 16,353 11.1
Lowest Annex II2 16,311 7.3
Cyprus 16,250 10.5
Bahamas3 16,210 6.7
Kuwait 15,682 31.6
Bahrain 15,143 24.8
Barbados3 14,716 5.8
Brunei 12,667 21.3
Saudi Arabia 12,570 16.4
Oman 12,542 12.1
Argentina 12,237 7.9
Mauritius3 10,450 3.4
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Table 3.A.1 Non-Annex B GDP (ppp) and per capita emissions data
for 2000 and comparison to Annex B levels (continued)

GDP per capita Emissions per capita (TCO2)

South Africa 9434 9.5
Chile 9203 5.0
Mexico 9090 5.2
Uruguay 8879 7.7
Malaysia 8940 7.1
Costa Rica 8921 3.3
Trinidad and Tobago 8846 19.3
Botswana3 8674 9.5
Brazil 7366 5.0
Turkey 6811 5.4
Macedonia 6650 5.5
Thailand 6353 4.4
Tunisia 6229 3.2
Panama 6138 4.1
Dominican Republic 6119 3.7
Colombia 6113 3.8
Gabon 5923 8.1
Namibia 6052 5.6
Venezuela 5638 10.0
Equatorial Guinea3 5600 5.4
Iran 5573 7.5
Libya 5403 11.9
Peru 4737 2.7
El Salvador 4710 1.8
Paraguay 4585 4.9
Kazakhstan 4583 10.7
Lowest Annex B4 4109 6.0
Guatemala 3947 8.8
Turkmenistan 3696 13.8
Mongolia 1653 11.6

Notes:
GDP data from IEA (2005), per capita emissions from WRI (2006).
1 Including Australia, United States, and Belarus.
2 Greece (GDP), Switzerland (per capita emissions).
3 2002 GDP data from WRI (2006).
4 Ukraine (GDP), Lithuania (per capita emissions).



Commentaries on Michaelowa

3.1 Alternatives to Kyoto: the case for a
carbon tax

richard n. cooper

Axel Michaelowa’s paper addresses how the world should proceed in a
post-Kyoto Protocol period, which begins in 2013 but must be agreed
before then. It is informative, ingenious, and constructive. But its pro-
posal for extending emissions targets and enlarging the number of coun-
tries to which they apply is deeply flawed, partly by carrying forward the
flaws inherent in the Kyoto Protocol. This comment will address the
intellectual framework of the proposal, identify three fatal flaws (all
inherent in the Kyoto Protocol), and suggest an alternative approach.

Michaelowa explicitly rejects a benefit-cost approach to public
policy in dealing with global climate change in favor of an absolute
(indicative) ceiling to atmospheric concentrations of greenhouse gases,
mainly but not exclusively carbon dioxide. This approach implies an
extreme degree of risk aversion with respect to climate change – any
cost to avoiding it is worth the price – about which every economist
should be skeptical. Moreover, ordinary citizens will in practice reject
this approach – they will not be willing to bear any cost to reduce emis-
sions enough to stabilize concentrations. Policy analysts should
acknowledge this from the outset. The price citizens will be willing to
pay will initially be modest; it may grow as hard evidence of the costs
of climate change accumulate, but even then it will not become infinite,
not least because those who will be expected to bear the brunt of the
cost of reducing emissions may not be those who incur the greatest
damage from climate change. This approach implicitly places climate
change above all other social objectives, and it implies a degree of
global communitarianism that does not exist today and is not likely to
come into being within the next decade, when a post-Kyoto Protocol
regime must be negotiated. Calling the framework “indicative” softens
this strong formulation in tone but does not alter the substance until
the possible limits are identified explicitly.

Emission permits need to be allocated if the trading regime envisaged
is to function effectively. The proposal focuses on allocation of targets
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among countries, but not the allocation of national targets (� emission
rights) within countries. On what principle should they be allocated?
Many economists no doubt would favor national auctions. But auc-
tions are in fact rarely used when valuable resources are to be distrib-
uted; allocation on the basis of historical emissions or some variant
thereof, is usually preferred. Perhaps allocation can be undertaken
honestly in Sweden or Germany or even (more doubtfully) in the
United States. But they certainly cannot be undertaken honestly in
many countries that under Michaelowa’s proposal will be “graduated”
into the class of countries assigned emission targets, and indeed they
cannot be undertaken honestly in many countries in the Kyoto
Protocol’s Annex B. It is an invitation to favoritism, hence for corrup-
tion, the more so the more valuable the permits, and in the framework
proposed they could be valuable indeed. Do we really want environ-
mental programs to become the handmaiden of corruption in many
countries, as this need for governmental distribution of valuable
emission rights surely will?

The proposal envisages international trade in emission rights,
something necessary in the Kyoto Protocol framework to minimize
the economic costs of any given degree of reduction in emissions. But
international trading entails potentially large transfers between law-
abiding citizens in rich countries such as the United States, Canada,
EU member states, and Japan to corrupt officials and their favored
oligarchs in countries less meticulous about the rule of law – or
directly to the governments of such countries. These transfers would
not be conditioned on anything beyond willingness to sell emission
rights that had been internationally agreed. The bottom line is that
American and European citizens would be making unconditional
transfers to Russia, Iran, and eventually (although not immediately in
the next round) to Burma and North Korea. I would not want to have
to defend such a proposal before the US Senate, whose assent would
be required for ratification, or indeed before the German Bundestag.
It is indefensible. I am aware that some advocates see large trans-
fers from rich to poor countries as a positive advantage of a Kyoto
Protocol-type trading regime, partly to draw poorer countries into
the emission-control regime, partly because it involves redistribution
from rich to poor. But if we have learned anything about uncondi-
tional or lightly conditioned transfers from rich to poorer countries
during the past four decades, it is that they too rarely foster economic
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development, and they often enrich the powerful and the already rich
in poorer countries.

China, India, and many other poor countries do not graduate into
emission-target countries under the proposal, although their turn
would eventually come with the continued growth in per capita
income. But China is where the real action is with respect to climate
change within the next decade or two. Despite vigorous programs to
move to alternative fuels such as nuclear, hydro, natural gas, and wind
power, if China continues to grow rapidly it will build more coal-fired
electricity-generating plants in the next two decades than the United
States and Europe put together. Once constructed, these power plants
will last for half a century. If we are to take the problem of green-
house gas emissions seriously, and give it the urgency implied by
Michaelowa’s framework, we all have an interest in these Chinese
power plants. As a practical matter, I offer the judgment that atmos-
pheric concentrations cannot be limited in the next few decades
without sequestration of carbon dioxide from major emitters – carbon
capture and storage (CCS) as it is increasingly called. The United States
is devoting substantial research to this process, which is promising but
still undeveloped, both as to the best technical approaches and with
respect to keeping the cost of CCS within reasonable bounds. It is much
cheaper to design a new plant with CCS in mind than to retrofit an
existing plant for carbon capture. Thus here is an arena for practical
international cooperation, with Americans and others providing the
technical know-how, China providing the experimental ground, and
the rich countries together paying the incremental costs – not for power
generation, but for potential sequestration. No doubt some of the
experiments will fail; we are still in uncertain terrain. But we can learn
more quickly which methods are more effective and/or less costly with
some full-scale experimentation, and in the meantime actually slow the
growth in emissions that would otherwise take place. India and others
could also offer similar opportunities, but quantitatively China dom-
inates the field in the coming decades.

One can well ask, why try to extend the period of the Kyoto
Protocol? The obvious answer is that it exists and has been accepted
by most of the rich countries. But it does not include the United States
or China, two countries whose cooperation is absolutely essential if
greenhouse gas emissions are to be seriously limited. The proposed
framework does not include China in the near future, and it is not
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much more likely to appeal to the United States than the Kyoto
Protocol did. While President George W. Bush definitively killed the
prospect of US adherence to the Kyoto Protocol (in an admittedly
unnecessarily clumsy, indeed offensive, way), I conjecture that had
Albert Gore – whose personal concern about climate change cannot be
doubted – been elected US president in 2000, the United States still
would not have adhered to the Kyoto Protocol. He could not have per-
suaded the required two-thirds of the US Senate that it is a good agree-
ment, acceptable to the United States, and indeed President Clinton
never submitted it to the Senate, although he could have done.

The other reason, I suspect, that some continue to push the Kyoto
Protocol is that Europeans got a very good deal under the Kyoto
Protocol, as is implicit in Michaelowa’s new targets, which demand rela-
tively more of Europe. Why, in late 1997, was 1990 chosen as a base
year (and earlier years for two central European countries)? In part
because it built highly inefficient East German industrial emissions into
the European base, and British coal consumption, while on the way
down, was known to have a considerable distance to go. Similarly for
Russia and Ukraine, who had to be induced into the Kyoto Protocol
with generous targets, even though by 1997 it was clear that the energy-
intensive heavy industry of the Soviet era had collapsed and was likely
to recover only partially even under optimistic scenarios. European
growth was also slow throughout most of the 1990s, making it easier
for Europe to meet a target based on 1990. In strict negotiating terms,
the United States was simply out-negotiated (and carried a surprised and
embarrassed host country, Japan, with it). Table 3.1.1 reports the 1990
emissions, the targeted reduction for Annex B countries in the Kyoto
Protocol, an estimate of emissions in 2010 made by the US Department
of Energy in 2004 (excluding any new measures to meet the Kyoto
Protocol targets), and the percentage reductions required by the Kyoto
Protocol from projected 2010 emissions. It can be seen there that the
largest reductions are required by Canada, Australia, the United States,
and Japan, in that order, all 25 percent or more, while required reduc-
tions in western Europe are only 12 percent, while eastern Europe,
Russia, and Ukraine have targets well above their projected emissions.
We knew more about growth during the past decade in early 2004
than we did in late 1997, but the main patterns were already known
during the Kyoto negotiations. It is not surprising Australia and the
United States withdrew; Japan would have “lost face” not to ratify an
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agreement that bore the name Kyoto, but Japanese officials felt let down
by their US negotiating partners, whom they had counted on to protect
their position. And Canada had a vigorous debate over ratification, and
the then Liberal government imposed a cap on the price of emission
rights in order to get the treaty through Parliament, even though such a
cap was outside the Kyoto Protocol framework and might lead to non-
attainment of Canada’s Kyoto target. The subsequent conservative gov-
ernment has effectively abandoned Canada’s Kyoto target.

One way or another, the energy-consuming public is going to have
to pay higher prices – under the proposal, significantly higher prices –
to cut demand for fossil fuels and to induce emission-reducing tech-
nical changes in the energy system. Barring some technical break-
throughs in energy production or consumption that are not now
foreseen, higher prices are unavoidable. Advocates of significant action
in the near future to reduce emissions have been reluctant to acknow-
ledge this ineluctable fact. (If instead they expect fast-acting technical
progress sufficient to keep the cost low, they should be explicit about
that assumption, and think of hedging strategies if it turns out to be
incorrect.) This strategy of concealing or seriously downplaying an
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Table 3.1.1 Carbon dioxide emissions (MMTCO2)

KP required KP required Cut as 
1990 2010p Cut (percent) Cut (MMT) % of 2010

USA 4989 6559 7 1919 29
Canada 473 686 6 241 35
Japan 987 1239 6 311 25
Australia/NZ 294 455 �(8) 137 30
Western Europea 3412 3567 �8 428 12
Eastern Europe 1104 797 8 (219) (27)
Russia 2405 1792 0 (613) (34)
Other FSUb 1393 808 0 (585) (72)
Total
(excluding USA 9774 8889 (437) (5)

and Australia)

Notes:
p Projection in EIA, 2004.
a EU, Iceland, Norway, and Switzerland.
b Only Estonia, Latvia, Lithuania, and Ukraine covered by Annex B.



important consequence of proposed actions will not work in open soci-
eties where skepticism of government claims has grown significantly.

A strategy more likely to be successful is to acknowledge that car-
boniferous energy needs to become more expensive, and to accomplish
the required increase in prices with an internationally agreed tax, rev-
enues to accrue to each tax-levying country, to avoid the issue of large
unconditional transfers among countries. Many countries would
welcome the additional revenue; countries where this is not the case
could use the revenues to lower other taxes. This proposal – an alter-
native to Michaelowa’s – is discussed in more detail in the following
section. It is not assured of success. But in my judgment it has a better
chance of actually reducing greenhouse gas emissions than does the
proposal in Michaelowa’s paper.

A global carbon tax

There are negative and positive arguments for introducing a tax on
emissions of greenhouse gases (GHGs). The negative argument is that
the leading alternative, quantitative goals with a trading regime in
emission rights, is almost certainly politically unsustainable on a global
basis. Key developing countries must be seriously involved in any effec-
tive effort to reduce GHG emissions. On US Department of Energy
projections, for instance, China’s CO2 emissions will reach those of
Europe before 2010 and those of the United States by 2015 (US EIA
2006). Emissions from India, Brazil, and others are also significant and
growing rapidly. Yet it is difficult to imagine a set of effective national
quantitative targets that China and the United States could both agree
on, to take only the leading emitters among rich and poor countries.
Kyoto excludes developing countries. Kyoto’s advocates acknowledge
that, but aver it is only the first step. What does the next step look like?
Michaelowa’s proposal is a constructive effort to specify the next step
but contains the weaknesses noted above.

Furthermore, “cap-and-trade” will involve the allocation of valu-
able rights. The prospect of such allocation might be attractive to
domestic businessmen, who are always looking for government hand-
outs (witness any tax bill), but it will necessarily be a highly political
process, unless the rights are auctioned, which will be resisted strongly
by the business community. While the domestic process is merely unat-
tractive, and in a sense deeply corrupting, the international allocation
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with trading will be politically impossible. What Senator, once he or
she understands the full implications of a trading regime, can vote for
a procedure which could result in the unconditional transfer of billions
of dollars, even tens of billions, to the government of communist
China, or to Castro’s Cuba, or even to Putin’s Russia? Not only is it
politically impossible, at least in the United States, but I would argue
that large unconditional transfers to governments are in general highly
undesirable, shifting attention in receiving countries away from the
need for fiscal discipline and thoughtful benefit-cost analysis of the
balance to be struck between taxation and government expenditure.

The key alternative, if action to reduce GHG emissions is to be
taken, is to focus on level of effort rather than on quantitative targets:
concretely, on the introduction, within an internationally agreed
framework, of a domestic tax on GHG emissions, revenues to accrue
to the government of each country where the emissions occur. The
focus initially would be on fossil fuels, cement, and other industrial
processes that result in emissions of carbon dioxide. Methane is more
difficult under any regime and can be added later after experience is
garnered with CO2.

The proposal involves international agreement on a regime for a
common tax to be levied on the major sources of emissions of carbon
dioxide, and on the selection of the common tax rate, both initially and
subsequently. The tax would be incremental to existing taxes (and sub-
sidies), including those on fossil fuels, on the grounds that whatever
taxes exist were introduced for reasons unrelated to global climate
change, that global climate change is a newly recognized problem for
purposes of collective action, and that all parties should add new incen-
tives for the reduction of emissions. (Allowance could be made for
taxes that have been introduced in a few European countries following
agreement on the Kyoto Protocol whose explicit rationale was to
reduce CO2 emissions.)

A uniform incremental CO2 tax would introduce an incentive,
worldwide, to reduce carbon emissions. The response to the tax would
of course differ from country to country. Where emissions can be
reduced at a cost lower than the tax, such reductions can in time be
expected to take place. Where the cost of reducing emissions exceeds
the tax, the tax will be paid. In either case the cost of fossil fuels will
be raised everywhere, in proportion to their carbon content. A uniform
tax thus is economically efficient, in that reductions will be greatest
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where the cost of such reductions is least, worldwide. The universal
presence of the tax will also avoid geographic relocation of industries
to avoid the tax – a potential problem under the Kyoto Protocol and
its extensions – except where such relocation is in fact economically
efficient.

Introduction of such a tax raises a number of issues, which will be
taken up in turn: the level of the tax, and procedures for changing it;
compliance; enforcement; macroeconomic effects; possible differential
treatment; use of revenues; and how to treat sequestration – activities
that deliberately withdraw atmospheric CO2.

One objection sometimes raised to a tax is that we will not know ini-
tially what the quantitative impact will be. Entirely true. But the Kyoto
Protocol targets also bear little direct relationship to the underlying
problem, namely, the growing concentration of GHGs in the atmos-
phere. It is, as its advocates insist, only a first step. The tax would sim-
ilarly be a first step, with a much clearer path to what the second and
subsequent steps would look like.

The initially agreed tax should be at a level sufficient to attract
serious attention to tax-avoiding emission reduction, say $50 a ton of
carbon. (This would amount to nearly $14 per ton of CO2, the unit of
measurement used in the Kyoto Protocol, and would amount to
roughly a 100 percent tax on coal, with lower tax rates per useful BTU
(British Thermal Unit) for oil and still lower for natural gas.)

The world would gain experience over time with the impact of this
tax on emissions, while it is also learning more about the climate
system and refining its estimates and its preferences concerning the
prospects for climate change. Provision would be made for a review of
the rate of tax after, say, the first ten years, and quinquennially there-
after, taking into account both greater knowledge about the impact of
the tax and about the evolution of climate in response to continuing
GHG emissions.

Compliance would be easy to assess. Every country has a known
mechanism for promulgating new tax rates and regulations. We would
know whether a country had responded to the international agreement
by changing its tax regulations in accordance with it. Administratively,
the tax would best be levied at the choke points for fossil fuels: main
gas and oil pipelines, or refineries, and main coal shipments by rail or
barge, plus allowance for pit-head power production. But this practi-
cal detail could be left to each country.
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Promulgating new taxes and actually collecting them are two differ-
ent things, for any tax. Enforcement of tax collection raises compli-
cated questions, as indeed would enforcement of emission ceilings.
Almost all countries (Cuba, North Korea, Taiwan, and Hong Kong,
along with a number of mini-states, are the exceptions) are now
members of the International Monetary Fund (IMF), and as such their
economic policies, including fiscal policies, are subject to detailed
annual surveillance by the IMF staff. Under a carbon tax agreement,
the IMF could be asked to pay special attention during these reviews
to sources of revenue, and in particular to carbon tax revenues. Each
country’s revenue books would be open to inspection, and its tax offi-
cials available for questioning. Countries’ tax systems would also be
monitored to assure that the carbon tax was not nullified by changes
in other taxes which indirectly favored CO2-emitting activities, a
concern that has been expressed by Wiener and others. Of course any
country that desired to cheat could do so, but that is a problem with
any regime to limit emissions, and many officials would have to be
brought into the conspiracy. Furthermore, physical readings of the
largest sources of emissions, such as power plants, could be taken (e.g.,
by satellite and by on-site inspection) as part of the compliance regime.

What about the erosion of impact of the carbon taxes through other
tax relief or subsidies to the emitters? Again, the IMF could be asked to
scrutinize any major tax change for consistency with the carbon tax
regime. The process would be a consultative one, initially bilateral
between each country and the IMF. Presumptive cases of violation
could be referred to special panels, WTO-style, for further investigation
and scrutiny. Publicity would be given to significant violations. Exports
from countries with egregious and quantitatively significant violations
could, by panel finding, be made subject to countervailing duties by
importing countries, even under existing legislation, once the tax on
CO2 emissions was judged internationally to be a cost of business, sub-
sidization of which would be treated as a conventional export subsidy.

Any significant change in taxation can have disruptive macro- and
microeconomic effects. Provision should be made in all countries for
phasing in the tax, starting low and gradually rising to the full agreed
and pre-announced rate. Macroeconomic effects could be minimized by
making the tax fiscally neutral (which would involve making a guess in
each country what its initial impact on emissions would be), either by
increasing expenditures or by reducing other taxes. Many governments
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would need the additional revenue, and for this reason ministers of
finance everywhere would welcome such a tax. Where the revenue is
not needed, or where an increase in the total tax burden is politically
insupportable, the new revenues could be used to reduce other taxes.

The revenues are likely to be substantial, but not overwhelming. The
Clinton Administration calculated in 1998 that if the Kyoto Protocol
were to be extended to China, India, Mexico, and South Korea (each
of which was given a notional target equal to its business-as-usual tra-
jectory), the trading price that would achieve the Kyoto targets would
be $23 a ton of carbon, equivalent to a tax of that rate, about half the
rate suggested above. With estimated worldwide emissions in 2010
under effective Kyoto targets of 7 billion tons of carbon, this tax would
yield worldwide revenues of $160 billion, about 0.4 percent of gross
world product in that year.

Developing countries, as noted above, must be fully embraced by the
carbon tax regime if there is to be any hope of limiting atmospheric
GHG concentrations. However, developing countries could be granted
a longer period of time to introduce the tax, so long as the period was
not so long as to induce uneconomic relocation of economic activity to
countries that had not yet introduced the tax. Five years might be an
appropriate delay, to be followed by the phase-in period.

Even though the carbon tax would increase the price of fossil fuels,
growth need not be seriously affected, since the revenues could be
used for expenditures or tax-reductions that contribute to growth.
Decisions about use of the carbon tax revenues would be left entirely
to each country, so long as they were not used to undermine the
purpose of the tax, which is to reduce CO2 emissions.

Reduction of emissions may not always be the most efficient way to
limit growing atmospheric GHG concentrations. Sequestration of CO2

from the atmosphere should be included in the menu of permissible
actions. Subsidies (at the agreed CO2 tax rate) could be given for
sequestration, or tax rebates where the sequester is also the emitter.
Again, this process would be up to each country to implement, subject
to international surveillance.
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3.2 Beyond Graduation and Deepening:
toward cosmopolitan scholarship

joyeeta gupta

Introduction

The climate change problem has sparked extreme positions in most
policymakers and researchers, each presenting his or her standpoint as
the most rational. Is climate change a serious problem, as some seem
to think it is; or is it not a serious problem as climate skeptics argue?
Is it possible to define a long-term objective through a scientific-driven
endeavor or do only fools rush in where angels fear to tread? Is climate
change an opportunity to promote the rule-of-law project on the inter-
national agenda, or given the anarchy at international level, is the only
sensible option one of focusing primarily on narrowly defined national
interests? Is the neoliberal agenda and its focus on market mechanisms
and small government adequate to address the problem of climate
change, or do we need to go beyond that? While intellectuals battle
with each other about whether climate change threatens civilization on
the playground of academic debate, the reality is that the most vulner-
able individuals, societies, and ecosystems are likely to be threatened
by the potential impacts of climate change on ice caps, glaciers, sea-
level and rainfall patterns. While we debate on whether the impacts are
caused by climate variation or climate change, more species and more
individuals are marginalized. To whom are we as scientists account-
able? To our disciplines, governments, ideologies, or to those who
depend on our advice? These are some of the basic issues that the
climate change problem challenges us with.

At the Architectures for Agreement Workshop held in May 2006 at
the Kennedy School of Government, where the papers for this volume
were debated, I was once more reminded that there is a scientific reality
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that exists within the United States, and that there are competing sci-
entific realities that exist in Europe and in the developing countries.
Science is so strongly anchored in ideologies, disciplines, perceptions,
and in the spatial location of each individual scientist, that it is
inevitable that scientific discussion is likely to be heated and parochial,
protecting the terrains that each of us knows best within the national
and ideological contexts in which we feel safe. It was a privilege to be
invited to be part of this group of diverse thinkers, and to note that
debate is promoted even though consensus may not be forthcoming.

Against this background, I will first point to what I think are the
strengths of the ideas proposed by Axel Michaelowa, and then move
on to explore some other issues that deserve more prominence in the
debate on the architectures for agreement for a post-Kyoto world.

The strengths of Graduation and Deepening

Introduction

Michaelowa presents a follow-up regime to the Kyoto Protocol which
aims at elaborating further on the targets-and-timetables aspect of the
climate change negotiating process. He focuses on the period 2013–2017
and elaborates in great detail how the targets-and-timetables agenda
could be promoted further in a way that it tries to increase incrementally
the number of countries subject to targets, while making a more sub-
stantial contribution to reducing greenhouse gas emissions. He elabo-
rates further on a model I had developed but also simplifies it somewhat
(Gupta 2003).

The long-term objective

The point that I am most sympathetic to in his paper is his conviction
that there needs to be a long-term objective with respect to the climate
change problem. In the literature one can discern three schools of
thought. Some argue that science has nothing useful to say about when
climate change becomes dangerous to humanity either because it does
not threaten civilization or because it cannot be objectively derived (see
Barrett, Victor, this volume). Others argue that science can provide evi-
dence on the basis of which such ideas can be further developed (e.g.,
Pachauri 2005; Schneider and Lane 2006) and there are still others
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who submit that where the science is uncertain, the stakes high, deci-
sions urgent, there are scientific methods to generate information
about when climate change can become dangerous to society (see the
rising literature on post-normal science; see also Gupta and van Asselt
2006 with respect to climate change). Michaelowa pegs his approach
on the target developed by the European Commission in 1996 to limit
global warming to no more than a two-degree rise in temperature from
pre-industrial levels. We are already in the realm of uncertainty since
such high concentration levels have not previously been experienced in
human history. Three reasons justify the attempt to determine when
climate change may become dangerous to society. First, the potential
impacts of climate change are likely to be serious in different parts of
the world and affect the poor and vulnerable the most, even if they
have made the least contribution to the problem. Second, one needs to
have a sense of the dimensions of the problem in order to assess
whether we are in a position to deal seriously with the challenge of
climate change and whether we are taking action fast enough. Finally,
science is expected to be able to think beyond nationalities and loyal-
ties; to understand the global dimensions of the problem, especially
where politicians and policymakers are mandated only to represent
their national interests at negotiations.

Since climate change is an unstructured problem (Hisschemöller et al.
2001); it can be addressed only through a learning strategy that seeks to
confront, evaluate, and integrate diverse views. Such a learning strategy
is expected to yield ideas to deal with intractable problems using inno-
vative exercises such as backcasting and transition management
(Rotmans et al. 2000). At a more practical level, scholars argue that we
need “anchors” amid uncertainty (Van der Sluijs 1997) and that we need
to develop a best practice for constructing serviceable truths to guide us
in a process of developing specific norms to derive some degree of cer-
tainty out of uncertainty (Guston 2001). Such serviceable truths must be
scientifically acceptable and support decision making. Legal and other
scholars focus on the notion of the precautionary principle as a strong
guiding tool to manage uncertain problems (Trouwborst 2006).

Principles

From my perspective, I am also delighted that the author has focused
on two key principles as a cornerstone of his approach, which were
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also incidentally cornerstones of my own approach – namely the pol-
luter pays principle and the ability to pay principle. Neither of these
two principles are mentioned as such in the United Nations Framework
Convention on Climate Change (UNFCCC), but they are implicit in
the “leadership” concept in the preamble and the “common but dif-
ferentiated responsibilities” principle in Article 3 of the Convention.
The importance of these two principles is that they assign responsibil-
ities to those countries that have contributed to the problem but also
take into account their ability to take action. This is significant not only
with respect to establishing the responsibility of current powers, but
also because of the necessity of putting future polluters on notice. The
notion of treating like countries alike is very important for the legiti-
macy of the regime.

This principle could imply that the polluter (country or individual)
is obliged to pay for the pollution beyond a certain per capita level.
Such payment would ensure a continuous incentive to the polluter to
reduce his pollution and at the same time generate resources for adap-
tation and/or technology transfer. It could be applied to all states that
pollute above a specific amount per capita; and it would put rapidly
industrializing developing countries on notice. Those opposing the
idea may submit that the principle does not make scientific sense of the
temporal distance between cause and effect (i.e., current impacts are
caused by past emissions and present emissions will cause future
impacts) and, hence, the causality is unclear. They would submit that
an optimal tax rate is difficult to determine and that it is not politically
feasible in the Western world. However, these problems may not be
insurmountable. Causality issues can be dealt with statistically (Allen
2003) or through legal precedent (see the following section). A second-
best solution for determining an optimal tax rate can be devised and
political feasibility is a function of time and social pressures.

Short-term target

Michaelowa emphasizes the need for a short-term quantitative target
for the period 2013–2017 and articulates the target as 23 percent
reductions from the 1990 level. The purpose of the target is twofold.
It incrementally pushes the regime further and by demonstrating the
promised leadership of the developed countries, it gives incentive
to the developing countries to take action too. I think this too is an

Beyond graduation and deepening 119



important feature of the proposal, because ultimately the only way to
an effective reduction of emissions is by setting targets that send a sig-
nificant signal to industry and society and to the different countries of
the world that this is the natural progression of policymaking in this
field.

Comprehensive, and yet some minor weak points

Finally, I would like to support the comprehensiveness of the approach
developed in the proposal. The proposal attempts at including emis-
sions from international transport, carbon sequestration by biospher-
ical sinks, carbon capture and geological sinks. It also looks at policy
moments and ideas that offer opportunities for changing political posi-
tions, such as the impacts of weather catastrophes on politics, the use
of carrots and sticks, and the need to profit from past research.
Notwithstanding the strong points of the proposal, there are some
weaknesses. From my perspective, the proposal is not predictable
enough. Although it indicates a potential possible future path of devel-
opment, it does not highlight how the system is likely to develop in the
future. The index approach treats countries with high emissions and
low income per capita in the same way as countries with low emissions
and higher income per capita and thus does not capture the key differ-
ences between the two types of countries. The proposal with respect to
including air transport is weak, and most likely institutionally impos-
sible. International agencies cannot be meaningfully ascribed targets
that have to then be fulfilled by nation-states. The sequestration and
capture issue perhaps raises more questions than it answers. The treat-
ment of institutional thresholds is extremely superficial and adds
nothing to the proposal. Notwithstanding these weaknesses, the pro-
posal as a whole puts forward a good and solid idea, one that is worth
exploring further in international contexts. Many of the weaker ideas
are elements that need to be further debated and discussed and the
chapter serves to table these as agenda items for the future.
Michaelowa’s proposal could be attractive to most developed and
developing countries because it attempts to further develop the Kyoto
Protocol regime. It could eventually be attractive to the United States
because he takes a comprehensive approach to sources and sinks; he
has arguably low targets for the United States and because he attempts
to involve all countries in the negotiating process.
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Beyond Graduation and Deepening

Introduction

This section briefly dwells on a number of other ideas about how the
climate change regime could develop further. It might be appropriate
here to state that in my view we need both a centralized multilateral
system to deal with the problem of climate change as well as a range
of other initiatives of like-minded actors and states which support
and/or compete with each other in a century-long effort to address the
problem. We need the former to ensure that we are on track toward
our goals and to review and determine all the efforts needed to deal
with the problem in a cooperative manner. We need the latter to ensure
that all opportunities for dealing with the problem are encouraged,
recognized, and where possible emulated. I will begin by highlighting
the Keep-It-Simple, Stupid approach to targets and timetables (Gupta
2003) and will then go on to elaborate on some other ideas. These
include mainstreaming climate change in other UN agencies as a first
step toward mainstreaming climate change in national policy; finding
ways and means of welcoming US unilateral endeavor as part of the
multilateral effort to address climate change; using litigation as a tool
to increase the pressure on governments; encouraging local action
worldwide to supplement inter-state action and to generate a broad-
based support for climate action. Then I move on to discuss the need
for the rule of law at global level.

Keep-It-Simple, Stupid

The Keep-It-Simple, Stupid proposal divides the world into twelve cate-
gories of countries based on their emissions per capita and their income
per capita. This division allows for simplicity and predictability in that
countries know in advance that if their income or emissions per capita
increases beyond a certain level they will “graduate” into a new classi-
fication, and after a stable membership of about three years, they will be
“included” in that category. Each classification of country is subject to
a set of responsibilities, which includes targets and timetables but is not
limited to that. It submits that the current classification is too simplistic
besides not necessarily treating like countries alike. It includes a number
of new types of targets such as percentage of official expenditure devoted
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to renewable energy and it allows for exceptions to be made.
Furthermore, the system also identifies the highest gross emitters and
puts them on a fast-track approach to reducing the (rate of) growth of
their emissions (Gupta 2003). Since the system is predictable and
attempts to ensure that all countries come on board, there will be an
incentive for the developing countries to participate in it. If such a system
starts to work, this also allows room for the United States to rejoin the
process, especially as there are a number of measures being adopted by
the Federal government (see “Unilateral US measures” section below) as
well as by lower governments (see “Local action” section below).

Mainstreaming and linking up with other regimes

There is a tendency to see climate change as an abstract esoteric issue;
but in fact it is a vital everyday issue which will affect water supplies,
food security, health, housing (especially in vulnerable areas), energy
supply, transport, employment, culture, and lifestyles. Hence, it is
essential to, where possible, mainstream climate change limitation and
adaptation policy into other policy areas at the international level, and
where not possible to at least emphasize the links with these other
areas. Much research has been done on this issue, but this is an
approach that has not been discussed much at the Workshop or in this
book. Climate change could also be linked to trade (e.g., Aldy, Orszag,
and Stiglitz 2001; Biermann and Brohm 2005), investment (e.g.,
Cosbey et al. 2004; Peterson 2004) and development regimes
(Pershing, this volume). Though it is not difficult to research the issue
of linkages, synergies, and conflicts with other policy domains (e.g.,
Gupta and Hisschemöller 1997; Hisschemöller and Gupta 1999; van
Asselt, Gupta, and Biermann 2005; Victor, this volume); there are some
practical challenges (Oberthür 2002).

Unilateral US measures

Although the United States is not party to the Kyoto Protocol, it has
initiated a number of agreements with other countries. These include
the Methane to Markets Partnership with Australia, China, Colombia,
India, Italy, Japan, Mexico, Ukraine, and the United Kingdom, which
has an associated funding of 50 million dollars. The purpose of this
agreement is to collect waste methane from coal mines and landfills
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and to market this gas as energy. There is also the US initiative on the
International Partnership for a Hydrogen Economy with fifteen coun-
tries and the EU to promote the introduction of a Hydrogen Economy
(Sindico and Gupta 2004). The Carbon Sequestration Leadership
Forum with fifteen other countries and the EU promotes sequestration
of carbon while through its Tropical Forest Conservation Act1 the
United States is entering into agreements with several developing coun-
tries to discourage illegal logging.2 The Generation IV International
Forum includes ten countries3 that want to move toward the fourth
phase in nuclear power; from prototypes, through current operating
plants and advanced reactions to generation IV plants. The purpose is
to ensure optimum use of natural resources, address nuclear safety,
waste and proliferation issues, and the concerns of the public.4 Another
partnership of seventeen countries, several industries, and NGOs aims
to promote renewable energy and efficiency.5 The United States is
entering into a number of bilateral and regional agreements on climate
change with Australia, Brazil, Canada, China, Belize, Costa Rica, El
Salvador, Guatemala, Honduras, Nicaragua, Panama, the EU, India,
Japan, Mexico, New Zealand, Republic of Korea, the Russian
Federation, and South Africa. And finally, the United States initiated in
July 2005 the Asia Pacific Partnership for Clean Development and
Climate that include Australia, China, India, South Korea, and Japan.

Will all these measures taken by the White House demonstrate to the
world that the United States is serious about dealing with the problem
of climate change? The United States itself argues that: “We remain
fully engaged in multilateral negotiations under the UNFCCC, and
have created or worked to revitalize a range of international climate
initiatives within the last two years.”6 One could potentially argue
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11 The Tropical Forest Conservation Act, Foreign Assistance Act, Part I, Section
118 – Tropical Forests; available also at www.usaid.gov/our_work/environ-
ment/compliance/ faa_section_118.htm.

12 Climate Change Fact Sheet: The Bush Administration’s Action on Global Climate
Change, Fact Sheet released by the White House, Office of the Press Secretary,
Washington DC, November 19, 2004, found at www.state.gov/g/oes/rls/fs/
46741.htm.

13 Argentina, Brazil, Canada, Euratom, France, Japan, Republic of Korea,
Republic of South Africa, Switzerland, United Kingdom, and United States.

14 For more information, visit the website at www.gif.inel.gov/.
15 For more information, visit the website at www.reeep.org/.
16 See White House Climate Change Fact Sheet at www.whitehouse.gov/news/

releases/2005/05/20050518–4.html.



that the range and width of the agreements initiated by the United
States demonstrate that it is serious about promoting international dia-
logue, if not action, in the area of climate change. However, there is
also the risk that many of these agreements do not mean much. The
international community could encourage such initiatives and proac-
tively test these to see if they are consistent with the climate change
regime and include these as part of the global multilateral process to
deal with climate change.

Litigation

Another interesting recent development is the rise of the collabora-
tion between legal scholars and non-state actors to develop legal
cases against polluters. The increasing academic interest in the
field (Penalver 1998; Marburg 2001; Weisslitz 2002; Allen 2003;
Grossman 2003; Verheyen 2003; Burns 2004; Gillespie 2004;
Thackeray 2004; Hancock 2005; Jacobs 2005; Lipanovich 2005;
Mank 2005) as well as the rise in climate and climate-related litiga-
tion, not only within the United States and Australia, but also in
other parts of the world including Argentina, Germany, and Nigeria,
indicate that many feel that governments and industry could be
forced to take action by courts. There is also a case before the Inter-
American Commission on Human Rights initiated by the Inuit
people. While the initial judgments are not always positive for the
plaintiffs, and it may be a while before we see the direction in which
courts will lean, the fact that the courts are becoming actors in the
process of policymaking will give a new dimension to the issue.
These cases explore different causes of actions.

Local action

Another impressive arena of action is what is happening at local
and provincial level. Worldwide several hundred municipalities are
taking action on climate change and have joined some international
forum – such as the International Coalition of Local Environmental
Initiatives. Cities in Canada, South Africa, Europe, Latin America,
and Asia have joined the process to create grass-roots engage-
ment with the climate change process and to see if they can learn from
other cities and adapt existing policies to take into account climate
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change concerns. In Australia and the United States, several cities
and provinces are proactively engaged in such policymaking. For
example, California is regulating carbon dioxide emissions from
automobiles and has established emission targets for itself and aims
to regulate the emissions from power plants.7 Some of the North-
Eastern and mid-Atlantic states are in the process of finalizing a
Regional Greenhouse Gas Initiative to create a cap-and-trade system
for power plants in these states.8 Increasingly too the scientific
literature is focusing in this area arguing that it may be more scien-
tifically justified, efficient, effective, and legitimate to take action at
local level (e.g., Clark 1985; Wilbanks and Kates 1999; Shackley and
Deanwood 2002).

The national communications of DCs

While there is a general tendency to assume that the developing coun-
tries are not subject to any specific obligations under the climate
change agreements, there is also a general tendency to assume that
developing countries are not taking any action. Both of these assump-
tions are incorrect. The first 122 national communications of the devel-
oping countries to the climate change secretariat indicate the variety of
measures that are being taken, have been taken, and are planned on
being taken by these countries with respect to climate change. These
include Brazil’s national Alcohol Program which has saved 550 million
barrels of oil over a period of twenty-five years while avoiding 400
million tons of CO2 emissions, China’s Greenlight Program which has
saved 17.2 million megawatt-hours of electricity in 1996–1998, and
the renewable energy program in India which avoided 330 million tons
of CO2 emissions, while reforestation of indigenous forests in Lesotho
increased CO2 uptake of 185 tons per hectare.9 China submits that it
has taken measures to decouple economic growth from energy con-
sumption since 1980 and India argues that “by consciously factoring
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in India’s commitment to the UNFCCC, [it has] realigned economic
development to a more climate friendly and sustainable path.”10 Ways
and means to build on the rich information in these national commu-
nications should be explored further.

Rule of law

My last point focuses on a philosophical issue. As we increasingly
ascribe local problems to failure in local governance and recommend
the adoption of good governance including the rule of law to national
governments (Carothers 1998; Santiso 2001), we need to also find ways
of promoting the rule of law and good governance at the international
level. There is much opposition to promoting the rule of law and good
governance framework at the international level on the grounds that
power will dominate international relations (Koskenniemi 1990; Watts
1993). And yet there is a need to limit the role of power politics at global
level if we wish to promote sustainable development, and the only way
to do this is through promotion of the rule of law not just in procedural
terms (Esty 2006) but also in substantive terms. For as Fitzpatrick
(2003) argues, politics will need law to sustain its legitimacy. One of my
favorite recent quotes is that of Madeline Albright, who submits that
President George W. Bush talks about promoting the rule of law in
countries but is “allergic to treaties designed to strengthen the rule of
law in such areas as money-laundering, biological weapons, crimes
against humanity and the environment” (Whittell 2002: 8). As Kofi
Annan puts it: “Those who seek to bestow legitimacy must themselves
embody it; and those who invoke international law must themselves
submit to it.”11

Conclusion

I have argued in favor of key elements of Michaelowa’s proposal and
have added some additional dimensions of my own. I do not think there
is any one exclusive approach to addressing the climate change problem.
We will have to pursue all the approaches that exist, whether it is in
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terms of persuading like-minded countries that they need to push the
Kyoto regime further through targets and timetables, convincing coun-
tries like the United States that their multiple initiatives at international
level need to lead to concrete and measurable results, convincing local
actors in recalcitrant states to take more action to deal with climate
change, or whether in terms of developing policy or challenging others
in local and international courts and recognizing that the developing
countries are taking action and that within their national communica-
tions there may be room to identify cost-effective new steps in the future.
In the ultimate analysis, we need to create a mass movement, and the
role of research in this process is to identify the policy instruments that
can be adopted by a range of different actors in order to deal with the
problem. We need to adopt a cosmopolitan as opposed to a “national-
istic” research agenda.
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part i i

Harmonized domestic actions





4 Fragmented carbon markets and
reluctant nations: implications
for the design of effective
architectures
david g. victor

Policy analysts and diplomats worldwide are now focused on the
design of the regime that could replace or extend the Kyoto
Protocol in 2012 when the Protocol’s main commitments expire.

While the Kyoto Protocol has several achievements to its credit – in
particular, it has played a role in sustaining political attention on the
need for policies to control emissions of the gases that cause global
warming – in many respects the Protocol is in deep trouble. In
Australia, Canada, and the United States – three countries where the
Kyoto commitments would have been most demanding – governments
have largely abandoned the treaty. In Japan and Europe governments
are implementing some limits on emissions, but much effort is now
focused on a shell game of accounting that will probably yield formal
legal compliance with the treaty’s strictures through the trading of
credits that do not reflect actual reductions in emissions. The Russian
government nearly abandoned the treaty for fear that it would actually
require changes in behavior. The integrated international market for
emissions envisioned under the Protocol has not yet materialized;
instead, at least six different carbon markets have emerged – each with
their own rules and prices. The Clean Development Mechanism
(CDM), a scheme intended to engage developing countries by subsi-
dizing projects that would allow them to build less-carbon-intensive
energy systems, is tied in red tape that will be familiar to any student
of the US Environmental Protection Agency’s limited emission trading
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programs – notably the offsets program – of the 1970s (Hahn and
Hester 1989). Most of the pipeline of CDM projects is dominated by
schemes to achieve largely false credit for reductions in industrial gases;
energy projects account for just 17 percent of the effort (Wara 2006).
And while nobody thought that the Protocol would be the final word
in efforts to control emissions, it is hard to see that it is even the first
word in a viable framework for the future.

This paper suggests an alternative framework. I proceed by exam-
ining the four key elements of the Kyoto architecture: universal par-
ticipation, binding targets and timetables for emissions of greenhouse
gases (GHGs), integrated international emission trading, and com-
pensation to encourage participation by developing countries. For
Kyoto’s enthusiasts these four elements are the bedrock of the Kyoto
system and, by their account, must be replicated in any future climate
treaty.

My argument is that Kyoto’s troubles are rooted in these four ele-
ments of conventional wisdom. The patient followed the doctor’s
orders scrupulously, and by that regimen he has incapacitated himself.
I make this argument in the first part of this essay.

The second part of the essay offers an alternative vision that is based
on more extensive use of nonbinding agreements among smaller
groups of important countries, allowance for fragmented emission
trading systems, and new mechanisms for engaging developing countries.

Throughout, my argument rests on the broad argument that serious
action to address climate change must be anchored in capable institu-
tions. And the most capable institutions exist at the level of nation-
states (and some regions, notably the European Union). International
institutions – especially global institutions rooted in the United
Nations – are relatively weak. They play important roles as codifiers,
coordinators, attractors of attention, and suppliers of a few collective
goods. Too much attention has focused on the global institutions and
not enough on the more diverse national and regional bodies that
actually get things done. This mismatch between diplomatic focus and
real action explains much of Kyoto’s trouble, and it explains why the
architecture that I advance makes much heavier use of the institutions
that are intrinsically more capable than global binding treaties. It
also explains why my approach is more fragmented, as that reflects
the reality of how authority is allocated in the international system.
Carbon markets are likely to be fragmented rather than integrated – a
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world that is second best in theory but first best when the theories are
updated to reflect how property rights can be assigned, monitored and
enforced.

Conventional wisdoms

Global warming is perhaps the most difficult problem to be confronted
within the international system. It is caused by a large number of coun-
tries (Figure 4.1) with highly diverging interests – some (mainly the
industrialized world) want action to control emissions and are willing
to pay for it. Others (mainly in the developing world) are willing to
accept action if others pay for it. Because countries enjoy a broad
freedom of action in their international affairs, collective action is espe-
cially difficult to achieve because every participant must see that it
benefits individually from the joint effort. As with most common pool
resources, the incentives to defect are strong – especially as enforce-
ment is difficult and governments have strong incentives not to honor
their commitments. Furthermore, while the benefits of action accrue
far in the future in the form of an uncertain amount of a lighter foot-
print on the world’s climate system, the costs begin to accrue today.
Achieving deep cuts in the emissions of these gases implies a radical
reorganization of the world’s energy systems and perhaps key elements
of the world economy – a journey that one does not begin on a whim.
With all these obstacles, it is not surprising that effective action has
been a long time coming.

The Kyoto framework, ironically, is designed in a way that seems to
maximize the difficulties in collective action. These difficulties are
evident in all four of Kyoto’s main architectural features – universal
participation, binding targets and timetables for emissions of green-
house gases, integrated international emission trading, and compensa-
tion to encourage participation by developing countries. I address each
in turn – and for each I criticize the conventional wisdom and suggest
some alternatives.

Universal participation

The standard argument for universal participation is that it creates
legitimacy and avoids “leakage.” The former is a woolly concept that
has not been subjected to careful empirical tests. The legitimacy that
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comes from giving all nations a voice is probably overrated in impor-
tance. Indeed, most of the world’s effective international institutions
began with large doses of discrimination and inequality – they include
the GATT, the IMF, the UN Security Council, and the G8.

Economists have focused, instead, on the problem of “leakage” – the
phenomenon that tight regulations on some countries will cause indus-
trial activities to migrate (“leak”) elsewhere in the world where regula-
tions are lax. For any aggressive climate control regime, leakage is
clearly a problem that demands attention. But if we assume that the first
few decades of efforts to control emissions will be marked by modesty,
learning, and innovation – hardly the hallmarks of aggression – then the
problem of leakage becomes much less severe. Indeed, research on the
“leakage” hypothesis done two decades ago when there were large con-
cerns about industrial flight due to differences in environmental regu-
lation show that such fears are largely overblown (e.g., Low 1992).
Indeed, economics is probably poised to overstate the leakage problem
because it analyzes these issues using equilibrium models that already
do not reflect the huge variation across borders in the factors that affect
industrial location (not least, the huge variation in retail energy prices),
and analysts who focus on carbon policy tend to imagine that most
industrial decisions are driven by such policies when in reality they are
not. Already there is a substantial ($20–30 per ton CO2) difference in
carbon costs between the USA and EU with no evidence that this
is affecting industrial decisions. In short, the benefit of paying close
attention to “leakage” does not seem to be large.

The costs of efforts to address leakage, however, are substantial.
Leakage-inspired agreements that include all major contributors nec-
essarily include countries that have quite different interests. As evident
in Figure 4.1, for example, the top emitters include Organisation of
Economic Co-operation and Development (OECD) nations (notably
the EU but also, to a lesser degree, the USA) that generally favor some
emission controls. They also include countries (e.g., China) that reject
any limits. And they include countries (e.g., Russia) that might actually
perceive benefit from climate change and thus could have a special
interest in undermining effective emission controls. Such dispersion in
interests is hardly a new problem in international affairs, and much
of the process of negotiating effective agreements is one of adjusting
terms and geometry to find a Pareto-improving bargain. If concerns
about leakage dominate those negotiations – and thus membership is
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high – it becomes increasingly difficult to assemble the subtle package
deals that are needed to ensure Pareto-improvement.1

Binding targets and timetables

A second area of conventional wisdom lies in the types of commitments
that are selected and the way that they are codified. The common
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Article 2; why sober analysts would devote so much attention to the impossible
task of actually assessing the true meaning of Article 2 is mystifying.

Figure 4.1. Top emitters 2004 and 2030
Global greenhouse gas emissions: 2004 (26,079 Mt CO2) and 2030 (40,420
Mt CO2)

Source: International Energy Agency 2006.
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assumption is that legally binding instruments are best because
governments take those most seriously. Because such instruments are
formally binding they are usually negotiated by diplomats – especially
diplomats with legal training. And for pollution problems, the con-
ventional wisdom holds that the best kinds of commitments are
“output” measures – that is, targets and timetables for emissions –
rather than “input” measures such as the effort or policies that each
country will pursue. Output measures, it is thought, assure that gov-
ernments will not slack off; if they are held accountable for a particu-
lar level of pollution then the environment will be protected best.
Again, the evidence for these propositions is scant.

The assumption that binding instruments are best is part of the folk-
lore of global environmental law, for which treaties are assumed to hold
a prized place. In reality, the decision about legal status is just one of
several design choices that affect outcomes. I will concentrate on the
interplay between legal status and another critical design choice – the
style of diplomacy. As shown in Table 4.1, diplomatic style can involve
professional diplomats (usually lawyers) who specialize in negotiating
texts with an eye to compliance. Alternatively, negotiations can occur at
the level of senior political leaders who make aspirational commitments,
often without an eye to the particulars of compliance.

Most of the canon of international environmental law is based on
the lower-right cell of the matrix in Table 4.1. But all four of the cells
offer relevant experiences. In general, instruments in the lower-right
cell work best when it is clear how to comply with commitments and
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Table 4.1 Level of participation and legal status of commitments

Style of negotiation

Diplomats, lawyers, and
Senior politicians bureaucrats

Legal status of commitments
Nonbinding • North Sea pollution • Technical standards 

• Tokyo Round “codes” • groups (e.g., Codex)

Binding • Arms control treaties • Whaling
• Montreal Protocol
• Kyoto



when locking countries into place is of special importance. By contrast,
instruments in the upper-left cell – nonbinding agreements crafted by
accountable political leaders – work best when the purpose of an inter-
national agreement is to signal a direction for effort but it is unclear
exactly what the effort will cost and whether it is politically or techni-
cally achievable. Nonbinding political agreements (upper-left cell) are
more flexible and less prone to raise concerns about noncompliance,
and thus they allow governments to adopt ambitious targets and far-
ranging commitments. In contrast, binding legalistic agreements (lower-
right cell) are usually crafted to assure compliance – especially when the
agreement includes countries whose internal legal procedures assure
that international commitments are enforceable such as through direct
application in domestic law. A binding commitment might be useful for
codifying an effort that is already in hand (or which requires actions
that are easy for governments to deliver). But uncertain, strenuous
efforts at cooperation are easier to organize when the commitments are
not formally binding.

In addition to trade-offs on these two dimensions – accountability
and legal status – there is also a third dimension of choice, which I will
call the measure of accountability. Commitments that are set in terms
of outputs usually work best when there is a clear chain of causation
that links actions by governments (who are usually the actors that
subscribe to international commitments) and the ultimate output of
pollution. Classic arms control agreements usually had terms set in
outputs (e.g., number of missiles) because governments were confident
that they could control their own behavior. Similarly, the agreements
on the ozone layer were expressed in outputs (consumption of ozone-
depleting substances) because the limited number of industrial firms
and strong mechanisms for regulation made it possible to control pro-
duction and trade and thus assure compliance. By contrast, the global
warming problem is marked by extreme difficulty in connecting gov-
ernment actions to particular outputs (emissions) because the factors
that determine are largely outside the near-term control of govern-
ments, such as the state of the economy and technology and investment
decisions by firms. Governments can solve this problem by capping
emissions – such as through an emission trading program – but only
by accepting large uncertainties in the cost of compliance. As those
uncertainties rise so does the credibility of the commitments since a
program that is excessively costly will raise the risk that that country
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will simply abandon its commitment – as the United States did with its
Kyoto commitments in 2001 and as Canada is doing now in 2006.
Such policy choices about regulatory instruments – whether outputs or,
alternatively, a specified level or type of effort – are familiar to students
of the “prices vs. quantities” literature in economics (e.g., Weitzman
1974; Roberts and Spence 1976; Pizer 1998).

These trade-offs are evident in the case histories of lesser-known
experiences with controlling environmental pollution where architects
actually deployed decision-making procedures, legal agreements, and
regulatory instruments that differ from the conventional wisdom. The
experience with international cooperation in the North Sea, the Baltic
Sea, and with acid rain in Europe are all examples where nonbinding
instruments backed by senior politicians proved to be more effective
than binding alternatives (Roginko 1998; Skjærseth 1998; Wettestad
1998).2 In those cases, there had been efforts to use binding instru-
ments to address the problems at hand, but those efforts often fell
short. In the North Sea and Baltic Sea regimes, the addition of
ministerial-level conferences that included ambitious (but nonbinding
commitments) helped, in part, to break the logjam. In the European
acid rain regime, more-ambitious nonbinding commitments to control
NOx (a leading cause of acid rain) were adopted by a smaller number
of countries alongside a binding convention to address the same pol-
lutant. In all three of these cases the nonbinding efforts alone did not
lead to more effective cooperation. Rather, at least three elements were
necessary for effectiveness. First, the commitments required high-level
attention – usually at ministerial level – to improve accountability and
implementation. Second, the nonbinding commitments worked
because they were embedded within institutions that could mobilize
detailed performance reviews, which are especially important when
commitments concern areas of activity where it is difficult to gauge the
best implementation strategies at the outset. In the North Sea and
Baltic Sea regimes, notably, the nonbinding commitments along with
extensive review helped to focus attention and effort on the difficult-
to-manage problem of land-based pollution runoff. Third, the com-
mitments and review should be part of an ongoing relationship so that
the shadow of future interactions (and linkages across issues) impose
discipline on current behavior.
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Integrated emission trading

Having embraced the earlier elements of conventional wisdom – global
participation and binding targets for emission outputs – a relatively
small step of logic is needed to arrive at the third pillar of conventional
wisdom: integrated global emission trading. So long as governments
worldwide are involved in the effort to control emissions, it is best to
use a flexible market-based system to ensure that the costs are as low
as possible. The logic for this position is sound, but its application in
the international system are problematic for at least three reasons. One
set of reasons relate to all that is said above – namely, the other ele-
ments of conventional wisdom that lead to emission trading are not
robust under scrutiny.

A second problem with emission trading relates to allocation of emis-
sion credits, which is particularly difficult when regulating gases such
as carbon dioxide at the global level. Where membership rules allow for
unit veto and some countries are risk-averse (i.e., the developing coun-
tries, Russia, and others who don’t see a strong interest in controlling
emissions), allocations are prone to padding. Government officials from
these reluctant countries arrive at a negotiation with a brief to incur no
cost, and they know that the treaty will be rejected back at home if it is
seen to violate this maxim. So they imagine their worst-case scenario
for emissions and they demand an allocation equal to (or higher than)
that level. That is what Russia did in Kyoto; that’s what the developing
countries will do when they are forced to accept emission targets. Since
nobody knows the countries’ true levels of future emissions, each new
entrant to this negotiation makes it harder to gain a meaningful
agreement on the total size of the pie and its allocation. Elsewhere I
have called this problem “negative sum bargaining” (Victor 2001).
Ironically, as the system is expanded – so that gains from trade are
largest and so that leakage is minimized – the very process of expansion
undermines the ability of the scheme to impose a meaningful limit on
emissions.

This problem is hard enough to address, but the international insti-
tutions within which binding allocations of emission credits would be
negotiated are structurally weak and are marked by long delays
between agreement and implementation. As in Kyoto, a long time
passes from the point of negotiation (in that case, 1997, with negotia-
tions constrained by the decisions of 1997 dragging on to 2001) and the



actual implementation (2008 to 2012). During this delay, errors in fore-
casting grow; many of those errors magnify the financial flows that will
arise when the emission trading system begins to equilibrate. Many
analysts have called for even longer time horizons because an optimal
response to the challenge of managing carbon requires a long-term
approach; that call is logically sound yet practically troublesome
because it would magnify the likely financial imbalances that would
arise as the trading system equilibrates. These imbalances matter
because if they create political trouble in just one (or a few) countries
then the pressure to defect will grow and the deterrent against defection
is quite weak. As that one country exits the system then the financial
imbalances and burdens will shift and that will put pressure on other
countries. I find it striking to compare this system with the early days
of the GATT. In an emission trading system, errors in allocation of emis-
sion credits or the exit of one country creates instabilities that magnify
the pressure for others to exit; in the early days of the GATT, the reci-
procal and therefore self-enforcing nature of tariff concessions created
pressures that magnified the benefit of remaining within the regime.

None of this means that international trading mechanisms are com-
pletely infeasible. It does mean, however, that they rest on a much more
fragile basis than is conventionally thought – because the process of allo-
cation will be extremely sensitive to underlying interests, and because the
operation of the market will be sensitive to the capabilities of the insti-
tutions that oversee and enforce the trading system. For the most part,
studies of international trading have not looked at these issues.3 Rather,
they have treated states as black boxes – emission credits would be allo-
cated to governments (itself a Herculean task) and then governments
would establish the internal procedures needed to make their markets
work. A rich literature has arisen around efforts by governments to put
those internal procedures into effect, but so far there is strikingly little
connection between that “domestic” literature and the thinking about
international emissions markets. Putting those two strands together
requires looking carefully at how real governments implement emission
trading systems. When that is done, we find that the internal character-
istics of states are extremely important – they are perhaps the dominant
reason why international trading systems are likely to be fragmented
even as there are strong economic incentives for integration.
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The internal characteristics of states will influence trading in at least
two ways. First, the national economy might not be organized around
market principles, and thus there might be rampant inefficiencies that
already affect the economy. Thus, even if governments (or individual
enterprises) are forced to trade emission credits, they might not focus
their efforts on the least-cost way to control emissions. In China, for
example, large central coal-fired generators get their capital from
central allocations at nearly zero cost. By contrast, gas-fired generators
pay something closer to the real cost of capital – in part because gas is
not an incumbent industry and in part because both the equipment and
some of the gas is priced on international markets. In these settings it
will be a lot less costly and more effective to focus on the underlying
market failures – such as pursuing capital reforms and sundry other
tasks that are core to the Chinese project for economic reform – rather
than allocating emission credits.4

Second, national regulatory institutions might not have the admin-
istrative capabilities to implement an emission trading system. For a
trading system to work it is necessary to allocate credits to the institu-
tions that actually govern decisions about technology and behavior,
which in nearly every economy is a large number of mainly energy
enterprises. Making a trading system work requires, then, the capacity
to monitor the behavior of these enterprises and to enforce compliance.
Those are not easy tasks. They are akin to what Western governments
have had to do when overseeing banking regulation – an area where
even highly capable governments have failed, such as the United States
did with the savings and loan crisis. An international trading system
implies that these functions would be performed with similar compe-
tence across all the jurisdictions that are part of the trading system. The
closest analogy is perhaps Europe’s efforts at creating the European
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special allocations. In that world, political incentives favor building lignite
power plants (despite their high CO2 emissions), and the practical effect of the
emissions markets is severely hobbled.



Monetary Union (EMU); indeed, the analogy with a currency is apt
since, in effect, the creation of integrated and demanding emission
trading systems is not much different from creating a common cur-
rency. It is sobering to see how difficult this has been for Europe,
despite having a long history of cooperation, strong common institu-
tions and trading relationships, and even a common central bank. It
took many years to build the necessary institutions. Even then, when
enforcement proved inconvenient for politically powerful members –
such as Germany and France, both of which have violated the EMU’s
deficit rules – the strictures were never applied fully. Those difficulties
should be a warning about how rapidly we could expect a common
international carbon currency to arise (Victor and House 2004).

These two characteristics – an efficient market-oriented organization
of the broader economy and the capacity to administer an emission
trading system (e.g., allocation of permits, monitoring and enforce-
ment) – appear to be highly correlated. That’s no accident since a
market-oriented economy demands that government develop the
capacity to intervene through regulation and market surveillance
rather than through direct control. For the most part, markets emerge
only where government has developed the capacity to act at arm’s
length. These characteristics are also highly correlated with willingness
to pay for controlling emissions. In general, it is rich and highly indus-
trialized market-oriented economies with capable governments that
are most concerned about climate change.

These correlations tell us something about how emission trading is
likely to emerge. There is a “zone” of countries that have the will and
capability to create meaningful emission markets. These countries all
have intense trading and investment relationships with each other.
Their institutions tend to recognize each other – even to the point of
allowing extraterritorial application of law. For these countries it is a
relatively small step to imagine that they would extend their trading
relationships to include a nascent currency of tradable emission credits.
What defines the zone, however, is not their common interest in con-
trolling emissions – indeed, their interests vary considerably as is
evident when comparing the domestic policies in the EU, United States
and Australia – but rather their institutional capabilities and the extent
to which other members in the zone are confident of those capabilities.

I borrow the term “zone” from Anne-Marie Slaughter’s work on the
“zone of law” – a concept she developed to explain why some courts
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recognize the jurisdiction and decision of other courts while others do
not (Slaughter 1992). Her argument was that a “zone of law” existed
where courts engaged in such mutual recognition for countries where
courts were confident that the judiciary followed certain core tenets,
such as independence of judges. On the strength of that zone of law,
various other elements of mutual recognition usually also arose – for
example, limited forms of regulatory cooperation. By contrast, such
systems of mutual recognition were much more difficult to craft with
countries that were outside the zone.

Thus, what is likely to occur is not an integrated international emis-
sion trading system but, rather, a series of fragmented markets. Indeed,
real carbon markets are emerging in this manner (Figure 4.2). These
markets are most active in countries where political interest in regula-
tion is the greatest – today, the European Union. Thinner markets with
weaker rules – such as the Chicago Climate Exchange – have arisen in
markets where political interests and regulatory effort are weaker
(Victor, House, and Joy 2005).

Europe’s ETS has been most successful and provides insights into the
challenging logistics of market implementation. The EU ETS entered
into force on January 1, 2005 as a response to the Kyoto Protocol’s
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GHG emissions reductions targets. The scheme caps GHG emissions
from about 11,500 power and industrial installations across twenty-
five countries and six major industrial sectors. These installations
account for roughly 45 percent of the EU’s CO2 emissions (Nicholls
2005). Emissions are allocated within nations via National Allocation
Plans (NAPs). Brussels exerts some discipline on the NAPs through the
application of common standards – for example, rules that prevent
national governments from allocating permits in ways that favor
national industries at the expense of foreign companies. It is nonethe-
less revealing that the permits, for the most part, are not auctioned –
indeed, there are caps on the fraction that governments would be
allowed to auction. During the first phase of the ETS (2005–2007), 5
percent of a nation’s permits may be auctioned, while 10 percent may
be auctioned in the second phase (2008–2012). These are free new
assets and, not surprisingly, the NAPs have been highly politicized and
rife with problems.

A 2005 WWF study found that the incentive structures of the NAPs
of Europe’s six largest economies favored those new plants that burn
coal over those that use natural gas (ILEX Energy Consulting 2005).
This perversion exists where allocations are distributed based on
installments’ economic need rather than on environmental targets. For
example, grandfathering provisions in Germany’s NAP give coal-fired
plants a competitive advantage over gas-fired plants.

Much has been written about the ETS’s strong provisions for moni-
toring and enforcement. Indeed, those provisions are noteworthy.5 My
view, however, is that the critical mechanism in the ETS is the “linking
directive” – the set of rules that govern where and how credits can be

146 David G. Victor

15 Thus far the ETS has had little monitoring and enforcement experience, as the
scheme is still in its early stages. The basic approach, however, is quite clear and
likely to be effective. Emissions of installations that fall under the scheme are
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Self-reported emissions must be audited by an independent third party. The EU
ETS enforcement mechanism consists of a series of fines for noncompliance
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must make up their missed emission reductions during the next year – thus the
fines are not a safety valve (in fact, they work in the opposite fashion by ampli-
fying price spikes rather than dampening them). If permit prices begin to
approach the fine level, it seems likely that there will be a political intervention
to adjust the system as it is hard to imagine that European industry would tol-
erate such a burden when their competitors face, in effect, a zero price on carbon.



imported from other jurisdictions – notably the developing countries
(CDM) and the countries in transition (JI [Joint Implementation]). The
most efficient outcome would eliminate the linking directive and
allow European firms to acquire Kyoto-valid permits anywhere in the
world. Under that scenario, the price would drop from the high levels
(shown in Figure 4.2) to something between $3 (roughly transaction
costs) and perhaps $5 or $7. Instead, the linking directive erects a wall
around Europe, with Brussels and the member states controlling how
wide the doors in the wall are opened to the outside world. The very
concept of trading has been inverted from its original goals. In the
areas where the gains from trade are least – that is, within the EU –
trading is relatively unfettered. Across the jurisdictions where the gains
from trade would be the greatest – that is, from within the “zone” to
the outside – the rules that limit trading are most onerous. Many
observers view this as a political compromise that was necessary to
placate Greens who demanded visible pain (in the form of higher prices
for carboniferous energy) and thus sacrifice.

I suggest that this also reflects the nature of the institutions that are
necessary for implementing a trading system. Indeed, we should expect
fragmented trading systems to arise everywhere else as governments
start to tackle the climate problem. That future landscape will be dom-
inated by multiple prices, a proliferation of barriers against trading,
and eventually the slow emergence of integrated systems only within
the “zone” – that is, where governments have confidence in each
other’s institutions and level of effort. If we think about trading as the
creation of a common currency then the root cause of this outcome is
quite clear – governments want to avoid a “Gresham’s Law for green-
house gases,” and they are willing to honor (in the form of mutual
exchange) emission credits only from jurisdictions that have the insti-
tutional capacity and record of commitment that is necessary to assure
that they aren’t simply printing money.

This process of evolution might take a long time – perhaps a gener-
ation, maybe longer – even within the zone. That’s because each
country is likely to implement its trading system with an eye to its own
procedures, capabilities, and political economy. Thus the EU system
gives prominence to the national member governments and their
NAPs, and because of the long history of Brussels’ regulation of large
industrial sources, it focuses especially on just the 45 percent of emis-
sions that comes from those sources. The US system might be more
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broad-based. If the US system includes a safety valve, then troubles will
arise for trading across the Atlantic if the US valve is set at a level that
is much lower than the EU’s price cap. (That outcome is highly likely.)
Japan’s trading system, if it exists at all, will arise within an industrial
organization that is much more highly regulated – it is unclear if prices
will really matter in that system, and that will be a source of tension
and opportunity if a Japanese system becomes stitched together with
the EU or US system.

Compensation for developing countries

The fourth part of the conventional wisdom is that developing coun-
tries will participate only if they are paid. The logic for this position is
sound – developing countries generally place a low priority on slowing
global warming when compared with more urgent priorities, and they
are wary about committing resources when the industrialized countries
have not done much on their own. The result of this logic is the Kyoto
Protocol’s CDM.

Politically, a large CDM has become necessary because the CDM has
been offered as the main instrument for engaging the developing coun-
tries. If that mechanism offered nothing for those nations, then the task
of convincing these governments would be much tougher in the future.
Even so, most of the CDM projects have concentrated in a handful of
countries that have organized themselves well to process CDM appli-
cations efficiently and are also generally attractive places to invest in the
developing world – these include India, China, South Africa, and Brazil.
Most of the rest of the countries have fared much worse, and the polit-
ical overtones that bedevil the CDM are evident in the recent efforts to
re-jigger CDM investments so that more of the money flows to the rest.
Another main political driver for a large CDM, however, is Europe’s
desperation. On current trajectories the EU will not meet its Kyoto
targets, which is a politically unacceptable outcome. Nor is it accept-
able to open the doors through the ETS wall to all forms of JI projects
from the transition countries, notably Russia – as most of those projects
are seen as “hot air.” So the CDM is the only way to make the books
balance. As investors have seen that arithmetic unfold, they have scram-
bled to develop CDM projects that have the most sure-fire chance of
approval and can be imported into the ETS most quickly. As soon as the
ETS shortfall is fully saturated, the CDM market is likely to stagnate.
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In addition to the political story, it appears that the important sub-
stantive story about CDM is that actual project pipeline is very different
from what was imagined when the CDM was invented in the months
leading to the final negotiations in Kyoto. It has not become an instru-
ment for large-scale investment in clean energy systems in developing
countries – such projects, in fact, account for just a few percent of the
total credits in CDM pipeline. Some 65 percent of the credits come from
two industrial gases (HFC-23, a byproduct in the manufacture of refrig-
erant HCFC-22, and N2O, a byproduct in the manufacture of adipic
acid that is used for making nylon). Perhaps half of these reductions are
actually the result of accounting tricks, and if the purpose of CDM is to
target a subsidy for emission cuts in developing countries then it
has become a highly inefficient mechanism. The projects that are reduc-
ing emissions of HFC-23 cost in total about $70m, and the value of
the subsidy being provided through CDM is about $1billion.6 Yet the
various rigidities that exist inside the CDM and its main market (the
ETS) provide very strong incentives not to rock the boat. The EU needs
the credits to assure compliance with its Kyoto commitments. The main
developing countries that host the projects welcome the money and
investment. The traders gain from trading volumes. And for the envi-
ronmentalists it is politically tricky to attack the only mechanism that
exists to engage the developing countries. With these powerful forces at
work, the CDM apparatus could continue for some time. Some efforts
are under way to reform the CDM, but such offset systems fundamen-
tally are prone to fail because they require the technically and politically
impossible task of making a baseline assessment – that is, the level of
CDM credit must be assessed as the reduction below some baseline.
Thus projects that are intrinsically marginal gain favor (e.g., industrial
gases that are destroyed by special equipment bolted to the end of a
pipe), while projects that actually put countries on different develop-
ment pathways are impossible to credit because it is impossible to deter-
mine ex ante the carbon emission profile of a whole country.

Toward a new architecture

So far I have suggested that the existing climate change architecture
suffers, at least partly, because it has embraced conventional wisdoms
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that do not apply to the case of climate change. In part, a better archi-
tecture for addressing the climate issue would begin by adopting alter-
natives to these conventional wisdoms. In this section I focus on how
that architecture might be constituted.

From the discussion of conventional wisdoms it is clear that a new
architecture for addressing the climate problem must have at least three
features. First, it must allow for variable geometry of participation. In
particular, it must allow discrimination so that the most serious nego-
tiating efforts can concentrate on the countries whose participation
matters most. That criterion probably means that none of the existing
global institutions, including notably the UN, would suffice. Such insti-
tutions are usually built on principles of universal participation; dis-
crimination is particularly difficult in such settings.

Second, the architecture must allow for a variety of efforts that are
tailored to each key member’s capabilities and interests – rather than a
single integrated system within which all members must adopt similar
instruments. In particular, the system must include a mechanism that
entices the participation of developing countries.

Third, the institution must offer a framework within which ambi-
tious political commitments can be made while offering sufficient
accountability so that commitments become connected to action. This
standard will be the toughest to satisfy, for it raises the questions of
enforcement and accountability that are most difficult for international
institutions to address.

There are no easy solutions for meeting these criteria. However, it is
encouraging to see that, in history, there are several examples of this
type of cooperation. The best examples come from economic cooper-
ation – such as trade, monetary, and development policies – not from
issues that are classically thought to be “environmental.” Part of the
trouble in designing an effective response to the problem of climate
change may be that the tools for collective action that have been
applied are drawn too much from the environmental experience – in
particular, the cases of environmental cooperation marked by relatively
low levels of uncertainty in the ability of governments to implement
their commitments and relative ease in assembling packages of Pareto-
improving commitments (Victor and Coben 2005). Such cases tend to
favor the kinds of instruments (e.g., emission targets and timetables)
and negotiating processes (e.g., binding regulatory conventions)
that have been applied in Kyoto. Conceptualizing the climate change
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issue as one of economic cooperation might help to mobilize attention
to better precedents.

Among the precedents from economic cooperation, perhaps the most
effective example is the World Trade Organization (WTO). That regime
for cooperation began by focusing, through the original GATT, on a
limited number of countries whose interests (and capabilities) were suf-
ficiently aligned to allow gains from cooperation. Over time, experience
and success have allowed deeper and wider cooperation (and also led to
negotiations that extend over much longer time periods because they are
more complex). Widening and deepening occurred at the same time,
rather than in sequential order. The GATT round that ended in the early
1990s with the creation of the WTO has included much more than
simply the tariff bindings that were the core of the first GATT agreement.
Similarly, the EU emerged from a more focused cooperation (on infra-
structures and key commodities such as coal and steel) among a limited
number of countries. With experience and the confidence of success the
EU has expanded and deepened. The recent expansion to include twelve
new countries, and the agenda for talks with Turkey, may test the limits
of EU expansion. Both of these cases – the WTO and the EU – are exam-
ples of successful cooperation emerging within a regime of variable
geometry and through practical efforts that, with time and effort,
became stitched together into a more integrated system. In both these
cases, cooperation was forged not mainly through “top-down” central
institutions but through packages of proposals that each individual
country offered. Collective agreements were forged through negotia-
tions around the adequacy of those packages. Mechanisms for peer
review, coupled (eventually) with central institutions such as the WTO’s
dispute resolution mechanism and the European Court of Justice, helped
to ensure that the collective effort had integrity. Elsewhere, I have called
this cooperation from the “bottom up” – that is, cooperation steered by
common institutions but rooted, fundamentally, on practical actions
implemented by key countries and jurisdictions (Victor 2004). The two
examples cited here are not the only ones. Tom Schelling (this volume)
has suggested that NATO budget allocations and the Marshall Plan are
good precedents. Chayes and Chayes (1991) have noted that the process
of negotiating Article IV exceptions within the IMF also offers a model
marked by individual countries proposing packages of measures and
then subjecting themselves to periodic scrutiny to probe whether the
packages are sufficient and being implemented to plan.

Fragmented carbon markets and reluctant nations 151



What would this mean for the design of an effective regime to
address climate change? The key is to craft an institution that allows
for variable geometry and effort. That probably cannot emerge within
the UNFCCC process because that institution, rooted in the UN, is too
large and inclusive. The UNFCCC could play a role in this process as
the main global forum for addressing climate issues, but as efforts
become serious and negotiations complex, it is hard to see that a uni-
versal forum can be the only mechanism.

The most interesting idea for a new institution is former Canadian
Prime Minister Paul Martin’s concept for a forum of leaders from the
twenty key countries (L20). Martin (2005) has offered a general vision;
a series of meetings have applied the concept to major issues in world
affairs, including climate change and energy (www.l20.org). Whether
by creation of a new institution such as the L20 or reform of an exist-
ing forum such as the G8, such a standing body would offer a way to
craft deals among the smaller number of countries that matters most.
The exact membership of this institution might, in practice, depend on
a variety of factors not simply emissions (e.g., see the ranking in Table
4.2). For example, if the G8 occupied this role then the most likely
membership would be the “G8 � 5” – that is the five additional coun-
tries (Brazil, China, India, Mexico, and South Africa) that have become
semi-permanent fixtures of G8 meetings although not yet formal
members. That arrangement would tend to elevate Brazil’s importance
relative to its emissions of carbon dioxide from fossil fuels while
excluding other big emitters such as South Korea or Iran. While Brazil’s
industrial emissions are relatively small due to the large role for
hydropower in that country, Brazil is important nonetheless because of
its role in tropical forestry.7 (By the same logic, however, Indonesia and
Malaysia are both very important – yet excluded from the G8 � 5
group.) There is probably no magical formula that will instruct the
proper membership of the club of greenhouse emitters, but what
matters most is that the club be small enough to be functional.

Small size matters because the style of negotiating collective agree-
ments will be very demanding. As with GATT/WTO “rounds,” each
country could propose its own package of policies and measures that
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would constitute its contribution to the collective effort. In the case of
climate change, most countries that are keen to control emissions prob-
ably would propose some combination of emission caps or taxes. Some,
however, might decide to propose alternatives that are better suited to
their regulatory and political environment. The EU, for example, is
attempting to meet its Kyoto commitments through a combination of
emission caps and trading for the industrial sector and other regulatory
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Table 4.2 Top emitters

2002 CO2 Cumulative
emissions % total 2002
(1,000s of % total 2002 world 

Rank Country metric tons) world emissions emissions

1 United States 5,838,118 24 24
2 EU25 3,674,876 15 39
3 China 3,513,103 15 54
4 Russian Federation 1,432,913 6 60
5 India 1,220,926 5 65
6 Japan 1,203,535 5 70
7 Canada 517,157 2 72
8 South Korea 446,190 2 74
9 Mexico 383,671 2 76

10 Iran 360,223 1 77
11 Australia 356,342 1 79
12 South Africa 345,382 1 80
13 Saudi Arabia 340,555 1 81
14 Brazil 313,757 1 83
15 Ukraine 306,807 1 84
16 Indonesia 306,491 1 85
17 Thailand 231,927 1 86
18 Turkey 207,996 1 87
19 Malaysia 151,630 1 88
20 Kazakhstan 147,921 1 88
21 Egypt 143,697 1 89
22 North Korea 143,216 1 89
23 Argentina 133,322 1 90
24 Uzbekistan 122,330 1 91
25 Pakistan 108,677 0 91



instruments for the rest of the economy such as transportation and
buildings.

By itself, this style of nominating policy packages is unlikely to be
effective because governments might simply nominate what they were
planning to implement anyway. Or, they might nominate fanciful ideas
that have little chance of real implementation. Whether simply restating
the status quo or propagating a fantasy, collective action will not
emerge. Thus the process of negotiating packages must include a mech-
anism for review and scrutiny. There are many precedents that could
guide the creation of the needed capacity for the case of climate change.
WTO accession talks, for example, involve review of policy packages by
the WTO secretariat and also, especially, interested WTO members.
That approach, in effect, shifts the requirements for institutional review
to the countries that are most interested in and capable of supplying
review functions – for WTO accessions that is usually the United States
and the European Union. A second approach to creating the needed
institutional capacity is to rely on a rotation so that no single country is
saddled with the function on a permanent basis. Such a rotation exists
in the G8 and in the North Sea and Baltic Sea ministerial conferences –
the host country supplies the functions of review. That model has
worked quite well for the North Sea ministerial conferences, especially,
because all host countries have been motivated and competent. Host
country review has been less impressive in the G8 (where it is erratic); it
would have failed in the Baltic Sea ministerial conferences if not for an
active program to build up the capacity of the east European countries
when they hosted the meetings. A third model, however, is probably
most appropriate for the climate area: a semi-permanent qualified
review staff. That model is followed in the IMF. In the EU, as the agenda
has become more complicated the functions of policy review have,
de facto, shifted from the rotating EU presidency to the permanent
bureaucracy. The standard reasons for a permanent secretariat usually
involve the benefits of a reliable and competent staff and the gains that
arise from continuity. Those reasons are valid, but there is another that
may be even more important: confidence. Countries do not easily submit
themselves to allow review of their policies, and the system will fail if
those reviews are conducted in a way that does not balance the collec-
tive need for serious review with the individual sensitivities of sover-
eignty. The experiences of the WTO and the North Sea conferences,
among many others, show that it is possible to balance those conflicting
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needs in a way that (with time and confidence) creates a truly effective
review mechanism.

The review mechanism would perform at least three major func-
tions. First, it would service the negotiations – making it possible to
compare the level of effort implied in disparate policy packages that
governments propose. Such comparisons would require analytical
support such as energy modeling – much as is done by reviewing coun-
tries during WTO accession talks. Second, the review mechanism could
play a role in checking to see whether countries are actually imple-
menting what they have promised (and, if not, the reasons for the
shortfall and the adequacy of new measures that countries might
implement to compensate for areas where they fall short). In interna-
tional institutions there are weak versions of this review function –
among the very weakest are the country reviews being conducted under
the UNFCCC at present, but similarly weak reviews include the OECD
science policy and environmental policy reviews. This review function
might begin in this weak mode because it will be difficult for countries
to gain confidence until they see the institution at work. The experi-
ence with the OECD science policy and environmental policy reviews
suggests that even in the weak mode the external scrutiny can exert a
significant influence. A stronger version of this function is seen in the
North Sea and Baltic Sea conferences where, in advance of every min-
isterial meeting, a detailed review of each country’s efforts helped to set
the scene for discussions about the actions that would be needed next.
The IMF reviews offer an example of this function being performed in
an even more stringent fashion.

The third function of the review process involves checking the collec-
tive consequences of the individual efforts. If all the core countries imple-
ment their policy packages, what might be the impact on total emissions
and eventually concentrations? The WTO offers a partial model for this
function, as the WTO engages in country policy reviews with an eye
to the overall effects on the world’s trading system. The North Sea and
Baltic Sea conferences offer perhaps the best model as such country
reviews have been conducted in light of common goals – for example,
cutting nitrogen pollution in the North Sea by 50 percent, or eliminating
pollution “hot spots” in the Baltic Sea. In some earlier work, colleagues
at the International Institute for Applied Systems Analysis (IIASA) and I
compiled highly detailed studies of such review experiences; what is most
striking is that there are many such examples – especially when looking
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beyond the simple canon of international environmental law to the
slightly more obscure (yet probably more relevant) precedents such as
the North Sea and Baltic Sea cooperative efforts (see generally Victor,
Raustiala, and Skolnikoff 1998). Such collective reviews will require
some goals to use as benchmarks – such as long-term concentrations,
rates of change, or emissions. Such goals will be much easier to adopt in
a nonbinding framework where countries are less sensitive about formal
compliance than in a binding treaty. Indeed, in the North Sea and Baltic
Sea cases (and many others), efforts to set meaningful goals through
binding treaties failed; once nonbinding instruments were available it
was much easier to agree on goals.

My proposal for an architecture is based on this “club” of countries
that would negotiate policies through the process of proposal, review,
and scrutiny just outlined. In addition, my proposal has two other ele-
ments. One element is the need for binding and more-universal agree-
ments as a complement to the club approach. Binding agreements would
be used for particular topics where countries have confidence in their
ability to implement actions and where binding law has a special value
in “locking in” a set of commitments. More universal agreements would
be used to extend the basic approaches that emerge from the core club.
They would also serve the function, already performed well by the
UNFCCC, of providing standards and information that have universal
application – for example, procedures and data for emission inventories.

Another major element of my proposal is a new way to engage with
developing countries. At root, the problem with developing countries
is that their interests vary with those in the industrialized world and
yet their participation is essential to the long-term success of any effort
to control greenhouse gases. The club approach will make it easier to
engage them because smaller groups with a more intense focus on
serious policy packages will facilitate the tailoring that could get key
developing countries involved. However, clever tailoring is not enough;
a mechanism is also needed to address the problem of diverging inter-
ests. I have suggested that the approach of compensation is not
working; the CDM, fundamentally, is unable to direct compensation
to the kinds of activities in developing countries that would have large
leverage on emissions in the future.

An alternative approach would focus not on compensating these
countries for implementing policies that they don’t favor but, instead,
finding policies that align with their interests (e.g., Heller and Shukla,
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2003). Examples include clean natural gas infrastructures in China,
which would help the Chinese address local air pollution problems
while also cutting by half the emissions of CO2 when compared with
coal. Other examples include provision of proliferation-resistant
nuclear power technologies and fuels to India, which would help shift
the Indian economy away from coal and diversify the sources of elec-
tric power. Elsewhere, colleagues and I have calculated the huge lever-
age on carbon emissions that would arise from such an approach (e.g.,
Victor 2006; Jackson et al. 2006).

Such an approach is not the classic “free lunch” or “low-hanging
fruit” approach to climate policy, for both these policy examples would
require effort. Expanding the use of gas in China will require an accom-
modation with fuel suppliers – notably Russia. Allowing India to obtain
commercial nuclear power technologies will require legislative action to
lift export controls in the United States as well as broader international
agreement on new fuel cycles. What matters, though, is that the style of
these negotiations and the interests involved are radically different from
the standard discussions about climate change. The developing coun-
tries have a much stronger (and positive) fundamental interest in adopt-
ing such policies, and thus the problem is not compensation to get them
to do something they otherwise abhor. The key participants in making
these arrangements are very different from those who have dominated
climate change negotiations so far, as these participants include the
investors in new power plants and energy infrastructures, fuel min-
istries, and the industrial-planning arms of these governments. Climate
change negotiations, by contrast, are dominated by foreign ministries
and environmental ministries. Each of the deals that would be needed
to make these climate-friendly infrastructure investments feasible will
have its own characteristics and could be extremely complex to negoti-
ate, and thus this approach would contrast sharply with the CDM.
Rather than hundreds of small and marginal projects, this style of
engaging developing countries would focus on just a handful of large
pivotal actions involving just a few critical countries.

Conclusions

The Kyoto Protocol has faced tough times not just because the problem
of global warming is exceptionally difficult to address but also because
the architecture chosen was inappropriate for the task at hand. Binding
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treaties negotiated through processes dominated by diplomats do not
offer good prospects for serious cooperation. Such instruments work
best when governments can be confident of their ability to comply with
their commitments and when it is relatively easy to negotiate those
commitments. Yet the climate problem is marked by high uncertainty
about the ability to implement promises, especially when promises are
codified as emission outputs rather than policy efforts. Universal par-
ticipation, another maxim of the Kyoto Protocol, is important when
leakage is a serious concern. Yet, in practice, these early decades in
the global effort to address climate change are marked by the diversity
that arises from experimentation and generally low carbon prices –
conditions where leakage is not a paramount problem.

I have suggested an alternative approach that is rooted in a small club
and is based on a much more intensive negotiating and review process.
This club review scheme, such as the “L20” concept proposed by
former Canadian Prime Minister Paul Martin, allows for much finer
tailoring of policy commitments around the efforts of a few key coun-
tries. While the idea is relatively new in the debate about collective
action to address climate change, such club approaches have been used
effectively in many other areas of international economic policy, such
as in the WTO and the IMF, and a few areas of environmental policy,
such as in the successful collective efforts to clean up the North Sea and
the Baltic Sea.
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Commentaries on Victor

4.1 Incentives and institutions: a
bottom-up approach to climate policy

carlo carraro

Incentives and institutions. These are the two cornerstones of David
Victor’s analysis. Incentives and institutions have often been neglected
in the study of climate policy, which mostly focused on concepts like
optimality or cost-effectiveness. Most economic analyses of climate
policies have indeed focused on a global target and on the optimal or
cost-effective way to achieve it, but they largely neglected the incen-
tives for negotiating countries to agree on the target, disregarded the
policy instruments that can provide these incentives, and did not pay
adequate attention to the institutions that are necessary to implement
the policy instruments and enforce the target.

The paper by David Victor fills this gap. It carefully analyses both
incentives and institutions, first in relation to the Kyoto Protocol, then
to identify some features of an alternative policy architecture. As for
the Kyoto Protocol, Victor emphasizes the weakness of international
institutions that should implement the Protocol rules and achieve the
Protocol targets. He correctly criticizes the Protocol’s objective of
achieving universal participation, its focus on binding targets, and the
lack of effective measures to get developing countries involved in the
cooperative effort to control climate change.

However, the main contribution of David Victor’s paper is not his
analysis of the Kyoto Protocol. His main lesson is that the design of
any future agreement on climate policy must start from analyzing each
country’s incentives to participate in the agreement, and then move to
identify policy instruments and institutions that provide adequate
incentives to reluctant countries.1

He draws this lesson from a careful analysis of recent events in
international climate negotiations and domestic policymaking. His

161

11 This point is not new (refer, for example, to Chapter 10 in the IPCC’s [2001]
Third Assessment Report), but is not yet adequately considered in many policy
analyses and in actual policymaking.



main conclusions are not new. Similar results have been achieved in
the recent theoretical literature on international environmental agree-
ments (Carraro and Siniscalco 1993; Barrett 1994; see Carraro and
Marchiori 2003 for a survey). However, rather than using a general
and sometimes unrealistic game-theoretic framework, Victor develops
his arguments by looking at the reality of existing policy institutions
and markets. From this viewpoint his analysis is novel, well rooted,
and more convincing than previous ones. In addition, many features of
the new policy architecture that he proposes are also interesting and
original.

Nevertheless, to understand the importance and the robustness of
David Victor’s analysis, let me first summarize the main motivations
and results of the game-theoretic literature. This would also help to
highlight the similarities and differences between theoretical works and
David Victor’s contribution.

Among the transnational policy issues, environmental protection is
a limiting case. In areas such as global warming, ozone layer depletion
and biodiversity, spillovers, as well as the absence of clear property
rights, create strong incentives to free ride, which undermine coopera-
tion. Hence, the difficulty of reaching agreements that are both effec-
tive and widely accepted.

The above problems are not new to economists and have been ana-
lyzed in the area of externalities and public goods. What is new is the
context in which these problems take place. Currently, climate change
control is managed as a global common property good, but there is no
institution which possesses powers to regulate it by means of suprana-
tional legislation, economic instruments, or by imposing a system of
global property rights. Hence, the necessity to design negotiation
mechanisms leading to self-enforcing agreements, i.e., agreements to
control climate change which are voluntarily signed by a “large” group
of countries (large enough to keep climate change under control).

Economists are quite skeptical about the possibility of achieving self-
enforcing agreements on climate change. Early contributions (Hardin
and Baden 1977) would have characterized the climate control game
among countries as a prisoner’s dilemma, inevitably leading to the
so-called “tragedy” of the common property goods. But in the real
world, a large number of international environmental agreements on
the commons have been signed, often involving subgroups of negoti-
ating countries and sometimes involving transfers and links to other

162 Carlo Carraro



policies (trade, technological cooperation, etc.). This is why the “pris-
oner’s dilemma” approach is unsatisfactory and new conceptual
models have been developed, which proved more helpful in under-
standing the logic of international cooperation in the presence of pos-
itive spillovers. These new models were developed in the last decade
within a non-cooperative game-theoretic framework and provide
interesting indications on the likely outcomes of climate negotiations
(Carraro and Marchiori 2003; Finus and Rundshagen 2003 for surveys
of the literature).

The main results of this game-theoretic literature can be summarized
as follows:
• The presence of asymmetries across countries and the incentive to

free ride make the existence of global self-enforcing agreements, i.e.,
agreements which are profitable to all countries and stable, quite
unlikely (Carraro and Siniscalco 1993; Barrett 1994).

• When self-enforcing international environmental agreements exist,
they are signed by a limited number of countries (Hoel 1992, 1994;
Barrett 1994).

• When the number of signatories is large, the difference between the
cooperative behavior adopted by the group of signatories and the
non-cooperative one is very small (Barrett 1997).

• The grand coalition, in which all countries sign the same environ-
mental agreement, is unlikely to be an equilibrium (Finus and
Rundshagen 2003).

• The equilibrium coalition structure is not formed by a single coali-
tion (a single group of signatories). In general, more than one coali-
tion forms at the equilibrium (Bloch 1997; Yi 1997).

• Coalitions of different sizes may emerge at the equilibrium, even
when countries are symmetric (Ray and Vohra 1997; Carraro and
Marchiori 2003; Yi 1997). 2

The lesson that can be drawn from these results can be phrased as
follows. A global agreement is unlikely to be signed by all the relevant
countries. Several parallel agreements are going to emerge over time.
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(Carraro and Marchiori 2003).



Domestic measures and/or policies implemented by small groups of
countries are going to be adopted to control climate change.

These predictions are consistent with David Victor’s ones. For
example, he writes: “The integrated international market for emis-
sions . . . has not yet materialized; instead at least six different carbon
markets have emerged,” and “Too much attention has focused on
global institutions and not enough on the more diverse national and
regional bodies.” For the future, he sees “An extensive use of non-
binding agreements among smaller groups of countries and allowance
for fragmented emission trading systems.” And also: “The future land-
scape will be dominated by multiple (permit) prices.”

Similarly to Victor, several authors working within a game-theoretic
framework have used their results to question the design of the Kyoto
Protocol (Carraro 1998; Bloch 2003; Finus and Rundshagen 2003; Yi
2003; Bretteville, Hovi, and Menz 2004; Buchner and Carraro, forth-
coming). They argue that the Kyoto Protocol is unlikely to be signed
by all relevant players and that the emergence of alternative, parallel
climate blocs is likely. Some indications that multiple regional or sub-
global climate blocs could be the appropriate way to address the diffi-
culties emerging in climate negotiations can also be found in the
political science literature (see, for example, Egenhofer and Legge
2001; Egenhofer, Hager, and Legge 2001; Stewart and Wiener 2003;
Reinstein 2004; Carraro and Egenhofer, forthcoming).

The basic idea in all these contributions is that a bottom-up,
country-driven approach to defining national commitments should be
adopted. Instead of top-down, global negotiations on national emis-
sion targets, each country or group of countries would determine its
contribution to a cooperative effort to curb greenhouse gases (GHGs)
and choose the partners with whom it intends to cooperate. In a
process analogous to trade negotiations, each country would put its
offer of commitments on the negotiating table and invite proposals
from other countries for similar commitments.

A fragmented climate regime characterized by the formation of
climate blocs (regional coalitions for example) would then emerge in
much the same way as is now emerging in trade negotiations. This
should not be surprising. As Victor correctly says, in substance, even
though not in form, the Kyoto Protocol already reflects agreements
among several different coalitions. It incorporates special provisions
for several different groups of countries. The Non-Annex B countries
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have no commitments and can benefit from emission reduction invest-
ments through the Clean Development Mechanism (CDM). The most
vulnerable Non-Annex B countries can also receive financial assistance
for adaptation from the levy imposed on the CDM (and possibly on
the other mechanisms). The European Union has the ability under
Article 4 to redistribute the emission reduction burden. Australia
had obtained/negotiated a special provision on land use emissions in
Article 3.7.3

In addition, the lesson that can be derived from trade negotiations
consistently tells us that progress on trade liberalization can be
achieved mostly through regional agreements, at least in the coming
years.4 In international trade, the “resurgence” of regionalism has thus
become a crucial subject, underscored by the formation of competing
customs unions and the debate about free trade areas. Substantial
attention has been focused on the efficiency and implications of these
regional or sub-global cooperations (Krugman 1991; Baldwin 1993;
Casella 1995; Bond and Syropoulos 1996; Yi 1996a, 1996b, and 1998;
Bloch and Ferrer 1999).

In particular, several authors have pointed out that Regional Trade
Agreements (RTAs) may seem to be contradictory, but they can often
actually support the WTO’s multilateral trading system (Sampson and
Woolcock 2003). Regional agreements have allowed groups of coun-
tries to negotiate rules and commitments that go beyond what was pre-
viously possible multilaterally. In turn, some of these rules have paved
the way for agreements within the WTO. Services, intellectual prop-
erty, environmental standards, investment and competition policies are
all issues that were raised in regional negotiations and later developed
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World Trade Organisation is discussed in Tjornhom (2000) and Boonekamp
(2003). Some 250 regional trade agreements (RTAs) have been notified to the
GATT/WTO up to December 2002, of which 130 were notified after January
1995. About 200 RTAs are currently in force. An additional 70 to 100 are esti-
mated to be operational although not yet notified. RTAs, which includes bilat-
eral free trade agreements between countries that are not in the same region,
have become so widespread that all but one WTO member are now parties to
one or more of them. Indeed, as of August 2006, all 146 WTO Members, with
the exception of Mongolia, participate in or are actively negotiating regional
trade agreements.



into agreements or topics of discussion in the WTO.5 For these reasons,
on 6 February 1996, the WTO General Council created the Regional
Trade Agreements Committee. Its purpose is to examine regional
groups and to assess whether they are consistent with WTO rules. The
committee is also examining how regional arrangements might affect
the multilateral trading system, and what the relationship between
regional and multilateral arrangements might be.

A similar process may be envisaged for the case of climate change
control. Some domestic or regional initiatives to reduce GHG emis-
sions today may pave the way to a global agreement tomorrow.

The parallelism with trade negotiations is used also by David Victor
to claim that a new policy architecture, no longer based on binding
agreements and on a global target, would be more effective in reduc-
ing global GHG emissions. The basic ingredients of this policy archi-
tecture would be as follows:
• The coordination of a variety of efforts. Countries would agree on

things to do rather than on emission reduction targets.
• A variable geometry of participation. Some countries would agree

on more efforts than others.
• A sufficient accountability system to ensure that commitments

become connected to action.
How can this be achieved? David Victor does not neglect the negotia-
tion process and the related institutions. He emphasizes how more and
better cooperation on GHG emission control could be achieved by lim-
iting the number of negotiating countries to the most important ones
(e.g., the twenty top polluters). He also highlights the importance of
issue linkage and transfers (through economic cooperation). And the
necessity of a mechanism for review and scrutiny.
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Again all this is not completely new. There is, for example, a large
literature on both issue linkage and transfers (among many others, two
recent contributions are Buchner et al. 2005, and Carraro, Eyckmans,
and Finus 2006) that highlights under what conditions these mecha-
nisms can enhance participation incentives and lead more countries to
agree on GHG emission abatement.

What is new in David Victor’s paper is the careful analysis of what
these mechanisms could be in practice. For example, how can scrutiny
be designed or where economic cooperation can effectively reduce
GHG emissions (e.g., by building natural gas infrastructures in China).
What David Victor does is to give substance and realism to ideas and
results that were developed via mathematical models and therefore
were unable to deal with the details of the actual policy process. We
have seen that the theoretical economic literature supports David
Victor’s analysis. But the other way around is also true. David Victor’s
analysis gives meaning and appeal to the theoretical results.

It is also important to stress the relevance that Victor gives to the role
of institutions. A bottom-up approach is to be favored not only
because the underlying participation incentives inevitably leads to a
fragmented climate policy regime, but also because the institutions
which are capable of implementing an effective climate policy do not
yet exist at the international level but sometimes exist at the domestic
and regional level. Therefore, a club approach, in which cooperation
takes place on specific dimensions where (a few) participating coun-
tries have institutions that guarantee compliance and effectiveness,
becomes the appropriate one.

There are three elements of David Victor’s proposal that deserve
additional scrutiny. It is clear that in terms of incentives and institu-
tions a bottom-up approach is the only one with chances to succeed in
curbing GHG emissions. A set of coordinated efforts with a variable
participation geometry is likely to be the future of climate policy.
However, by relying only on self-interests, this approach may not
succeed in achieving the large emission reductions that most scientists
believe to be necessary to control climate change. Is there a way of
assessing the amount of emission reduction that a bottom-up approach
is likely to achieve in the next fifty years?

A second element concerns equity and burden sharing. If countries
agree on different sets of efforts, how can the costs of these efforts be
assessed and compared? For example, is there a way to claim that the
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effort to develop new energy technologies (e.g., in the United States) is
larger or costs more than the effort to replace coal power plants (e.g.,
in Germany or China) or the effort to accept higher temperatures at
home and at work in the summer (as recently suggested by the Japanese
Minister of the Environment)? Is there a metric of efforts?

Finally, David Victor’s policy architecture does not mention adapta-
tion. Adaptation, whatever we do to reduce GHG emissions and what-
ever the anthropic influence on climate change, will be needed. The
related large investments are likely to crowd out other investments,
including those to reduce emissions. Is there a link between mitigation
and adaptation in David Victor’s proposal? Can the set of coordinated
efforts proposed by Victor also include the effort to adapt to climate
change? Given the policymakers’ discount rate, the costs of adaptation
(to be paid far in the future) is likely to be smaller than the costs of mit-
igation (to be paid in the coming years), unless some catastrophic
impacts of climate change are expected. Does this mean that a coordi-
nation of efforts to adapt our economic systems and lifestyles to
climate change will crowd out most efforts to reduce GHG emissions?

These three questions are relevant for all policy architectures and not
only for the one proposed by Victor. The answer to these questions is
a necessary complement to all policy proposals on GHG mitigation.
And the three questions are strictly interlinked. For example, if coun-
tries’ incentives and institutions lead to a set of regional or sub-global
agreements that are unable to provide a sufficient amount of emission
abatement, then more adaptation efforts would be necessary. Are there
incentives and institutions to provide the right amount of adaptation
investments? As another example, it is well known that some countries
are more vulnerable than others to climate change. How can the costs
of adapting to climate change be distributed in a fair and acceptable
way among world countries? Is an adaptation fund the appropriate
answer to this question? How should contributions to the adaptation
fund be designed?

Let me conclude by summarizing my own version of David Victor’s
policy architecture (which is also my own favored policy architecture).
Let me start from the number of negotiating countries: as recently pro-
posed by the Canadian Prime Minister, twenty is probably the right
number, but a slightly smaller number would also be appropriate. Then,
the issues on which these countries will negotiate have to be defined.
Technological cooperation, climate-related trade rules, carbon taxation,
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carbon sinks, contribution to a global adaptation fund, forestry preser-
vation, biofuels, development aid, energy infrastructures are some
examples. For each issue a number of countries, not necessarily the same
countries, not necessarily the same number, decide to cooperate. This
decision implies both that some measures are adopted in each country
(or small group of countries) to achieve a common issue-specific objec-
tive, and that a system of monitoring and enforcement is established
amongst the signatory countries. A regular verification process of how
different measures are implemented in each country or group of coun-
tries (and of their impacts and costs) can also be agreed upon. Regular
meetings can be organized to update the set of countries cooperating on
each issue. Whenever the verification process identifies an insufficient
effectiveness of the adopted measures or an unequal sharing of the
burden of controlling climate change, new measures or a new distribu-
tion of existing measures have to be negotiated. Given that all measures
are implemented domestically or within a bilateral or regional coopera-
tive setting (e.g., the European Union or Mercosur), the establishment
of new global or supranational institutions would not be necessary.

This framework implies that climate change is no longer an envir-
onmental problem to be dealt with exclusively through specific envi-
ronmental policy measures. It is a global economic problem to be dealt
with by global economic policy measures. Whatever the issue that
world leaders are going to analyze and discuss, climate change should
be a dimension of their own analysis and discussion.
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4.2 The whole and the sum of its parts

sheila m. olmstead

David Victor’s contribution to this volume is an excellent treatment of
the barriers to broad, collective action on climate change and some
of the more subtle advantages of a smaller-scale, more fragmented
approach. My commentary begins with a summary of Victor’s criti-
cisms of the framework offered by the Kyoto Protocol, followed by my
reflections on these issues. I then outline his parameters for a new
climate policy architecture and offer some critiques of his proposed
approach. I conclude with a summary of the key components of a post-
Kyoto climate policy architecture from my own perspective, and some
contrasts of this perspective with Victor’s.

Victor’s assessment of problems with the Kyoto framework

The Kyoto Protocol came into force in February 2005. Its impacts on
greenhouse gas (GHG) emissions will be trivial, but scientific (Watson
2001) and economic (Kolstad and Toman 2005) analyses suggest the
need for a credible international approach. Kyoto’s targets apply only
to the short term (2008–2012) and only to industrialized nations, thus
it will impose relatively high costs for the modest short-term benefits it
offers (Aldy, Barrett, and Stavins 2003). Most economists see the
agreement as deeply flawed (Cooper 1998; McKibbin and Wilcoxen
2002; Olmstead and Stavins 2006), and almost all agree that the Kyoto
Protocol is not sufficient to the overall challenge of climate change. 

Victor joins the chorus of analysts criticizing the Kyoto framework,
as he has in previous work (Victor 2001). His critique in this volume
focuses on four points: (1) universal participation; (2) the focus on
targets and timetables; (3) emissions trading; and (4) compensation for
developing countries. 

Regarding the first point, he disapproves of the conventional
wisdom that broad participation creates legitimacy. He also suggests
that while, in theory, universal participation can avert “leakage,” the
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migration of carbon-intensive industry from countries in which GHG
emissions are regulated to those in which they are not, in practice this
is an insignificant concern, in comparison to the costs of achieving
universality. On the second point, Victor reminds us that so-called
“binding” international agreements (like those with targets and
timetables for GHG emissions reduction) are usually crafted to assure
compliance, often codifying efforts already under way and in the inter-
est of participating countries, and that such agreements are unlikely
to truly “bind” for difficult, costly actions. On emission trading,
Victor is concerned that any trading system will be plagued by (1)
the padding of initial emissions allocations, reducing the ability to
achieve meaningful progress; and (2) the inevitable long delays
between agreement and implementation, leading to forecasting errors
that will magnify controversial financial flows that will occur once
trading begins. Finally, Victor’s assessment of the Clean Development
Mechanism (CDM), Kyoto’s framework for compensation to develop-
ing countries, is strongly negative. I address each of these points in the
paragraphs that follow.

The critique of universal participation

Victor’s skepticism regarding the importance of universal participation
for the legitimacy of an international climate policy architecture is well
founded. The process initiated by the Rio Summit in 1992 and contin-
uing through the Kyoto Protocol’s negotiation and ongoing imple-
mentation has been nothing if not inclusive – as of April 2006, 163
countries had ratified the Protocol. Nonetheless, as Victor points out,
the Protocol is deeply flawed. The world’s largest contributor to the
current stock of atmospheric carbon, the United States, is not a party,
and some of the most important participants from the perspective of
future emissions (countries like China, India, and Brazil) are not
required to reduce emissions under the current agreement. In the
context of regulating GHG emissions, some countries do matter more
than others. To support his point, Victor draws on other examples of
relatively successful international institutions that historically have
been much more exclusive than current climate efforts (such as the
GATT, IMF, and G8). This is an important point, and one that has not
been made often enough in the ongoing academic and political discus-
sions of climate policy alternatives.
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Although universal participation may not be desirable, broad par-
ticipation by major industrialized and developing countries is essential
to address this problem effectively and efficiently (Olmstead and
Stavins 2006). While on an ethical basis, it can be argued that indus-
trialized countries should take the first steps, there are two major
reasons why key developing countries must participate: opportunities
for low-cost emission reductions; and the possibility that nonpartici-
pating developing countries will shift to more carbon-intensive growth
paths, increasing the costs of their joining an agreement later. This
second phenomenon, leakage, is an issue upon which Victor and I dis-
agree.

On the issue of leakage, Victor suggests that empirical analysis does
not support the idea that stringent emission regulations in some coun-
tries will alter international trade patterns, resulting in the export of
emission-intensive industries to countries without stringent regulations
(the so-called “pollution havens hypothesis”). It is true that compre-
hensive literature surveys through the mid-1990s found no evidence
for impacts of environmental regulations on trade patterns, although
studies certainly established that such regulations were costly (Jaffe et
al. 1995; Levinson 1996). Nonetheless, the underlying theory and intu-
ition are strong, and considerable further exploration of this issue has
established some empirical evidence for the phenomenon. 

Tests of the theory are complicated by unobservable heterogeneity
and endogeneity (Brunnermeier and Levinson 2004). Unobserved
industry and country traits can be correlated with the likelihood of
regulation and the export of pollution-intensive goods. Environmental
regulation often appears in high-income countries with substantial
international trade – does trade influence pollution regulation, or
vice versa? Recent studies accounting for these statistical problems
have established pollution haven effects where trade is between high
and low-standard countries, and industries are mobile (Ederington,
Levinson, and Minier 2005).1 The relevant empirical question in this
context is whether GHG-intensive industries under meaningful inter-
national climate policies fit this description. To the degree that they
do, we should worry about what will happen to the carbon intensity
of outlying economies if nonuniversal climate policy coalitions do
arise.
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In a related point, Victor notes in support of his argument regarding
leakage that the current differences in carbon costs between the United
States and the European Union (EU) have not affected industrial
location decisions. It is too early to judge the effects of EU emission
trading in this regard, as trading has occurred only since January 2005.
The extent to which differences in EU–US carbon costs will affect trade
flows and carbon intensity depends on expected prices over the next
ten or twenty years for firms considering long-lived capital invest-
ments. In addition, this is simply not a good example of the types of
trade flows with which those interested in climate policy ought to be
concerned – those between industrialized and developing countries.
Even more important than contemporary shifts in emissions are the
effects of leakage on future carbon intensity in developing countries,
given the long life of capital investments in manufacturing processes,
for example. It would be a mistake to conclude that, because leakage
is not occurring due to the current, very young, scattered regimes in
developed countries, it will be an unimportant phenomenon under
future climate policy scenarios.

The critique of targets and timetables

Victor’s criticism of Kyoto’s designation of targets and timetables is one
of the strongest points in his paper. He reminds us of the very serious
collective action problem faced by any attempt at addressing climate
change on a global scale. If taking action to address climate change is
unduly costly for individual countries, they will not commit to taking
action due to the possibility of free riding; if countries do commit,
anticipating low costs, they will abandon their commitments if costs
escalate. Victor offers a number of useful examples to support his point
that there really is no such thing as a binding international agreement
that involves substantial sacrifice on the part of individual countries
with widely varying interests, in the name of a global public good. This
theme arises in other chapters of this volume, as well.

The critiques of emissions trading and compensation for
developing countries

There are strong links between Victor’s criticisms of emission trad-
ing and of regimes for compensation of developing countries. He
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opposes the concept of international emission trading on many
grounds. I agree that participating countries in any international
climate policy regime have strong incentives to pad their initial emis-
sion allocations, eating away at meaningful commitments. In another
point, Victor notes that the internal characteristics of states (particu-
larly those with non-market economies) will affect trading, pushing
the eventual allocation of emission reductions away from the cost-
minimizing allocation. This is undoubtedly true – market-based pol-
lution control policies rarely result in the theoretical ideal of
cost-minimization in real-world application (Hahn and Stavins 1992).
But they virtually always result in very substantial cost reductions, in
comparison to non-market approaches, and the same would be
expected of international GHG emissions trading, were it to occur on
a large scale.2

The cost of achieving significant GHG emissions reductions is a very
substantial barrier to high-cost country participation, unless the coun-
tries with high and low abatement costs are engaged simultaneously in
a climate policy regime. Without some participation by low-cost coun-
tries, there is no agreeable way for high-cost countries to pay for reduc-
tions where they are needed (and can be afforded) most. This point is
illustrated most effectively in the 1997 Byrd–Hagel resolution, in
which the US Senate declared in a vote of 95–0 its unwillingness to
consent to US participation in an international climate agreement that
did not involve, essentially, targets and timetables for developing as
well as industrialized countries. Market-based approaches, including
emission trading and carbon taxes, may have all the weaknesses that
Victor highlights, but they are still the least-cost substantive alterna-
tives for engaging both high- and low-cost countries simultaneously in
GHG emission reduction.

Many successful emissions trading programs have been developed in
the United States. Tradable permits were used to phase out leaded
gasoline in the 1980s, at a savings of more than $250 million per year
over an equivalent prescriptive approach (Stavins 2003). The active
market in permits for sulfur dioxide (SO2) emissions from US power

The whole and the sum of its parts 177

12 Even trading solely among industrialized countries was predicted to have
lowered US compliance costs with a (now hypothetical) Kyoto commitment by
50 percent; participation by the major developing countries would have
increased that figure to 75 percent (Edmonds et al. 1997).



plants saves $1 billion annually (Ellerman et al. 2000). The upstream
lead-rights system in the first example is a better model for climate
change than the downstream SO2-trading regime. For some countries,
systems of domestic carbon taxes may be more appealing than emis-
sions trading. A hybrid approach, in which tradable permits are paired
with a government promise to sell additional permits at a stated price,
acting as a “safety valve” or cap on eventual permit prices, may also
be promising (McKibbin and Wilcoxen 2002; Pizer 2002). Rather than
dismissing market-based approaches, it would be useful to discuss
the relative appropriateness of these different types of market-based
instruments.

Victor’s critique of compensation for developing countries amounts
to a critique of the CDM. Indeed, few economists would consider the
CDM a “success” relative to the possibility of large-scale trading
among today’s largest emitters and tomorrow’s. The small contribu-
tion of the CDM to potential emission reductions may be due, in part,
to its weaknesses relative to real emissions trading – the issues of
accountability and liability, and many others. Compensation to devel-
oping countries in the form of generous emissions trading allocations
has, in its favor, at least the benefit of lowering other trading partici-
pants’ costs. Victor suggests financial flows of another flavor in his pro-
posal for a new architecture, which I will address below. If such flows
lack the cost-reducing benefits of compensation through emissions
allocations, they will likely be politically infeasible in the United States,
and in many other countries as well.

Victor’s proposal: a new climate architecture

In place of the Kyoto framework, Victor offers a new international
climate policy architecture with three main components. First, a suc-
cessful new architecture will have what Victor calls a “variable geom-
etry of participation” – only selected countries will participate, to
varying degrees, and the most serious negotiations will “concentrate
on countries whose participation matters most.” Second, the architec-
ture will comprise a variety of efforts, rather than one integrated
system. Within this framework, one or more mechanisms will “entice
the participation” of key developing countries. Finally, a successful
climate policy architecture will involve both ambitious commitments
and accountability on the part of participating countries.
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Accommodating varied national interests

In this contribution and other recent papers on the topic, Victor argues
that the current, fragmented efforts at climate change mitigation have
arisen for two main reasons. First, there is wide variation in national
interests regarding climate change and its mitigation. Second, the most
capable institutions for addressing this challenge are nation-states; thus
efforts arise at the national level and vary with interests. 

Victor maintains that the “bottom-up” nature of this process has sig-
nificant merits, and that it can build some of the institutions and com-
mitments that are essential predecessors to an eventual larger-scale
approach (Victor, House, and Joy 2005). He offers the evolution of the
GATT/WTO and the European Union (EU) as examples of the direc-
tion in which current national and regional efforts on climate policy
may lead. Tom Schelling, in his contribution to this volume, offers
some additional historical examples. The key component of this evo-
lution, in Victor’s estimation, will be groups of nation-states acting out
of mutual interest, with efforts over time becoming “stitched together
into a more integrated system.” 

Engaging developing countries

Mindful of the problem of divergent national interests, Victor suggests
an alternative to the CDM for the engagement of developing countries
in a climate change mitigation effort: financial contributions for the
implementation of climate-friendly policies these countries favor for
other (self-interested) reasons. He offers examples such as investment
in clean natural gas infrastructure in China, or assistance with safe
nuclear power in India. 

This approach, while enticing for developing countries, may be the
opposite for industrialized countries which, unlike in the case of gen-
erous emission allowances within an international trading regime,
obtain no direct return for these flows in the form of own compliance-
cost reductions. The types of investments that Victor suggests could
very well be funded by the rents generated for developing countries
through generous permit allocations in a trading regime, thus the end
result of the two approaches for carbon intensity in developing coun-
tries could be similar. But the incentives for participation by industri-
alized countries (the envisioned investors) are fundamentally different. 
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Victor joins others in his worry that the financial flows required by inter-
national carbon trading with unequal allocations will imply politically
unacceptable wealth transfers from industrialized to developing countries
(Cooper 1998; Pizer 2002; McKibbin and Wilcoxen 2002; Newell and
Pizer 2003; Nordhaus 2005). Many of these critiques have endorsed inter-
national carbon taxes for this and other reasons. Nonetheless, the wealth-
transfer feature of the permit approach allows participating countries to
take advantage of the cost savings from permit trading, while offering the
incentives for the low-cost countries to join in the first place.

Victor suggests that developing countries will have a stronger inter-
est in his compensation approach than in one that offers “compensa-
tion to get them to do something they otherwise abhor.” I do not argue
with this, but it would seem to be a straw man, at least in the compar-
ison to proposed international emissions trading regimes. Countries
would choose any policy mechanism they like to achieve commitments
under an international emission trading regime, although the choice of
domestic non-market approaches by some participants would increase
the aggregate costs of international climate change mitigation (Hahn
and Stavins 1999).

The current European emissions trading regime can be seen as an
example of the feasibility of simultaneous engagement of countries
with high and low abatement costs using permit allocations as incen-
tives for low-cost countries. Admittedly, Europe is homogeneous in
comparison to world nations as a whole, and income and abate-
ment cost differences across European borders are much smaller than
these differences globally. Nonetheless, the EU, strongly opposed to
international emissions trading during Kyoto Protocol negotiations
(Frankel 2005), has implemented trading, and some income redistrib-
ution has occurred through permit allocations. The EU Bubble clearly
allocates more emissions to the lower-income periphery countries, and
fewer to high-income countries. Jeffrey Frankel’s chapter in this
volume, as well as previous work, demonstrates this progressivity of
emission commitments under the EU Bubble, which results in an
income elasticity of required reductions of about 0.10 (Frankel 1999).

Ambitious commitments and accountability

Within the bounds of the particular institution or institutions that arise
under the approach that Victor favors, he notes that the most difficult
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thing to establish will be ambitious commitments to which nations are
held accountable. While Victor has illuminated some of the key barri-
ers to Kyoto’s effectiveness, and some of the very useful things that will
arise out of fragmented, non-universal approaches, he is not able to
push us past the central conundrum of any climate policy. He notes
that “binding treaties negotiated through processes dominated by
diplomats do not offer good prospects for serious cooperation.” This
is true, but they may be the best prospect we have. The sum of efforts
across individual nation-states and groups of nation-states will always
be less than what would be necessary to achieve the efficient quantity
of emission reduction, or likely any meaningful reductions at all.

While they are reasonable accommodations to the reality of collec-
tive action problems in a system of nation-states, the first two charac-
teristics of Victor’s proposed new architecture, nonuniversality and the
absence of integration, may prevent any significant accomplishments
from arising in the third category – ambitious commitments and
accountability. That is, the whole of such a structure (or lack thereof)
may be less than the sum of its parts, due to leakage, free riding, and
other problems.

Key parameters of a post-Kyoto climate architecture

Any post-Kyoto international climate agreement must address three
crucial questions: who, how, and when.3 The roster of participants –
and a means to ensure that key industrialized and developing countries
participate – is the “who” element. Victor reminds us that the optimal
“who” is not necessarily “everyone.” Our list of countries that must
participate in a meaningful agreement would likely be very similar, but
Victor and I disagree on the second question – how these nations
should be engaged in GHG emission reductions and other climate
change mitigation activities.

The incorporation of market-based policy instruments, such as inter-
national emission trading, is essential to any international agreement
on this issue. The United States, for one, is unlikely to participate
meaningfully in a regime that does not rely on market mechanisms.
The possibility of generous permit allocations for developing countries
(paired with growth targets that allow for minimal emission con-
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straints early, increasing in stringency with wealth) provides an impor-
tant “carrot” for their participation. Victor suggests an alternative
carrot that may be equally, or even more, appealing to developing
countries – direct investments in their climate-friendly energy infra-
structure by industrialized countries. However, it is difficult to see why
industrialized countries will willingly provide this carrot as, unlike
compensation through permit allocations, it comes with no corre-
sponding reduction in their own GHG emission abatement costs.

An important issue on which Victor’s proposal does not focus is
“when.” Climate change is a long-term problem, as GHGs, once
emitted, remain in the atmosphere for decades and even centuries.
The time-path of mitigation efforts going forward will be a critical
component of post-Kyoto climate policy architectures. Under a system
of targets and timetables, targets should be moderate in the short term
to avoid rendering large portions of the capital stock prematurely
obsolete. Targets could then increase in stringency in the long term
(with commitments, while flexible, mapped out in principle ex ante) to
motivate technological change and bring costs down over time. 

Victor’s proposal eschews targets and timetables. It would be useful
to think carefully about the dynamic aspects of Victor’s proposed
alternative structure – a more decentralized, bottom-up approach. The
timing of commitments (both within the group of nations Victor envi-
sions agreeing to climate change mitigation strategies, and between this
group and the major developing countries receiving infrastructure
investments) will have much to do with their eventual costs and benefits.
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5 A credible foundation for long-
term international cooperation
on climate change
warwick j. mckibbin and
peter j. wilcoxen

The first step toward meaningful progress on climate change is to
be realistic about institutions – both about how existing institu-
tions, such as national governments, can be brought to bear on

the problem, and also about the prospects for creating powerful new
international institutions. It is, in essence, a decision about whether it
is more productive to bring existing tools, however imperfect, to bear
on the problem or to design new and better tools at the international
level. The latter course has attractions, but the risk is that the design
process may go on indefinitely – with greenhouse gas emissions rising
unchecked – without producing a viable new institution.1 Such has
been the case over the last decade as attention has focused on design-
ing the Kyoto Protocol, an elaborate new international institution
without any real precedent that may do nothing to slow emissions.2

In this chapter we argue that a better alternative would be to tackle
climate change with simpler policies that can be carried out by national
governments immediately. As David Victor noted in chapter 4, that
process is happening by default already. We discuss key characteristics
needed in an effective approach to climate change and argue that
prospects for creating a powerful international institution to control
greenhouse gas emissions are dim at best. We then outline one policy,
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11 An old joke once told by physicists about computer scientists illustrates the point
vividly. The joke was that physicists solve tomorrow’s problems with today’s
computers, while computer scientists do the opposite. Over the last decade,
international negotiations seem to have taken the approach attributed to com-
puter scientists: designing an ideal system to be implemented by future institu-
tions while doing nothing about current emissions.

12 David Victor has provided an outstanding discussion in Chapter 4 of the gulf
between international climate negotiations and what national governments can
actually carry out. Moreover, as noted by Jeffrey Frankel in Chapter 2, even if
fully implemented, the Kyoto Protocol does nothing to address emissions after
2012.



an internationally coordinated system of national policies based on a
hybrid tradable permit mechanism, that can be implemented with
minimal development of new international institutions. It focuses on
international cooperation and coordination, rather than on coercion.
Moreover, the policy has a number of key strengths that make it a solid,
long-term foundation for addressing climate change.

Credibility and climate policy

For a climate policy to be effective, it must satisfy three broad require-
ments: it must be widely adopted; it must remain in force indefinitely;
and it must provide credible incentives for individuals and firms to
make the investments that will be needed to reduce emissions. The
third point is particularly important. Although international negotia-
tions focus on commitments by governments to achieving particular
emission targets, most governments have only indirect control over
emissions within their borders. Emissions arise as a result of choices
made by households and firms over energy technology and fuel con-
sumption, not as a result of administrative decisions by government
agencies. In contrast, other treaties often apply to actions that can be
taken directly by governments themselves. International trade agree-
ments are a good example: they restrict tariffs and other policies that
are unambiguously under the control of participating governments.
Even a government with the best of intentions on climate change will
be unable to achieve much unless it can spur its citizens into action.

Moreover, the actions that individuals and firms will need to under-
take in order to reduce emissions involve enormous investments in
capital equipment and research and development, both with long
payback periods. A climate policy will be unable to induce such invest-
ments unless it is clear that the policy is likely to be enforced and is
unlikely to be repealed.3 The single most important characteristic of a
climate policy, in other words, is to provide a solid foundation for
large, long-term investments by the private sector.

Although credibility is essential to an effective climate policy, it does
not arise automatically. In a democracy, a policy does not become cred-
ible simply by being written into law. As Jeffrey Frankel noted in
chapter 2, governments cannot bind their successors. Every subsequent
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legislature will have the authority to repeal the law, and subsequent
administrations will be able, if they choose, to relax enforcement until
the law is irrelevant.4 A current government thus has little direct ability
to constrain the actions of its successors. As a result, a policy will be
credible only if it is clear that future governments – whether controlled
by other political parties, or facing very different economic circum-
stances – will want to continue carrying it out. Structuring a policy to
provide powerful incentives for continuing enforcement by future gov-
ernments is a critical step in designing an effective climate change
agreement.

At first, the problem of credibility might seem insurmountable. If a
current government cannot adopt rules that future governments
cannot reverse, what else could it do? The answer is straightforward,
but it has profound implications for the structure of a climate policy:
it must create a constituency with a strong financial interest in per-
petuation of the policy. Bluntly put, it must create a powerful lobby
group that will vigorously resist any attempt at backsliding by future
governments.

Before turning to a policy that would build such a constituency, it is
instructive to consider a policy that would have exactly the opposite
effect: a carbon tax. From an economic perspective, a carbon tax
would be an ideal instrument for addressing climate change. It would
be efficient given the uncertainties surrounding climate change,5 and it
would definitely work: high energy prices in the 1970s stabilized US
emissions for nearly twenty years.6 However, a carbon tax creates pre-
cisely the wrong constituency. No group in the private sector would
have a large financial stake in seeing the policy continue, and all future
users of fossil fuels would be motivated to lobby against it. Apart from
satisfying the terms of an international agreement, the only incentive a
government would have to keep the tax in place is the revenue it gen-
erates. However, that incentive may not be very strong: recent history
has shown that governments may be willing to run large deficits for
long periods of time in order to reduce taxes.
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14 A case in point is the Bush administration’s decision to abandon the 1972
Antiballistic Missile Treaty.

15 This is an application of Weitzman’s seminal 1974 paper on prices vs. quanti-
ties; see McKibbin and Wilcoxen (2002) for a detailed discussion in the context
of climate change.

6 Jorgenson and Wilcoxen (1993).



The broader lesson is that an international agreement cannot succeed
in the long run if it relies on pitting national governments against broad,
highly motivated groups of their own citizens. Ultimately, international
agreements are voluntary and a climate change treaty will be no excep-
tion. Faced with a choice between angering constituents by adhering to
an unpopular treaty, or repudiating the treaty and angering the inter-
national community, few democratic governments would be able to
take the former course year after year. To be successful, an international
agreement must be designed from the start to enhance and coordinate
the efforts of national governments, not to use them as instruments of
enforcement that are subsidiary in authority to an international regime.
In terms of the analogy at the beginning of the chapter, national gov-
ernments may not be the ideal tools for controlling climate change, but
they are by far the best tools available today.

Returning to the issue of credibility, building a national con-
stituency with a financial stake in maintaining a climate change policy
is possible if the policy involves long-lived tradable emissions permits.
We discuss long-lived permits in more detail below but the key feature
of such a permit would be to allow one ton of emissions every year
for the life of the permit. A perpetual permit, for example, would
allow one ton of emissions every year forever. Once long-lived
permits have been distributed, permit owners will have a valuable
financial asset whose price depends directly on the health of the
policy. With scrupulous monitoring and enforcement of the policy,
firms will pay high prices to emit carbon and the permits will be very
valuable. However, if enforcement is lax, or if the policy is repealed,
the value of the permits will drop to zero. Permit owners thus have a
strong financial interest in supporting the policy. In essence, the
permit system replaces the conflict that a carbon tax would cause
between a government and energy users with conflict between two
private sector groups: permit owners and energy users. It doesn’t
eliminate the difficulty of reducing emissions but it does even out the
political landscape and reduces the pressure on future governments
to repeal the policy.

Despite this advantage, an international climate policy based entirely
on long-term permits is not a viable option. The reason is straightfor-
ward: to ratify such a policy, a government would have to be willing
to agree to achieve a specified emission target by a given date, regard-
less of the cost of doing so. That approach would be appropriate if
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carbon dioxide were a threshold pollutant. Threshold pollutants cause
little or no damage when emissions are low but cause substantial
damages once a threshold is exceeded. As a result, keeping emissions
below the threshold may indeed be imperative. Carbon dioxide,
however, is a stock pollutant and not a threshold pollutant.7 Excess
emissions accumulate in the atmosphere and remain there for decades:
current annual emissions are equal to only about 1 percent of the total
anthropogenic carbon dioxide in the atmosphere. The risks associated
with climate change result from the accumulated stocks of carbon
dioxide and other greenhouse gases. Each additional ton of emissions
increases the risks, although very slightly, and there is no threshold
below which risks are zero.

This point is often misunderstood in the public debate because some
of the consequences of climate change might occur suddenly, such as
rapid melting of the Greenland ice sheet. However, a potentially
sudden consequence does not necessarily indicate a distinct threshold
in emissions of the underlying pollutant. One way to understand the
distinction is by analogy to the effects of cigarette smoking. Each cig-
arette raises the risk of lung cancer slightly. If cancer occurs, however,
it doesn’t make sense to argue that a particular cigarette caused it.
Doing so would be to argue that all previous cigarettes were insignifi-
cant in causing the cancer. In the same way, all emissions of carbon con-
tribute to future climate risks. The damage caused by one ton of
emissions is essentially the same as the damage caused by the next.

In the absence of a clear threshold, basing a climate policy on a rigid
emissions target makes little sense: achieving the target does not elim-
inate the risk and exceeding the target does not cause consequences
markedly different from achieving it. Put bluntly, when every ton of
emissions contributes equally to the problem, it is impossible to justify
any particular emission target, other than possibly no emissions at all.
As a result, a rigid system of targets and timetables for emission reduc-
tions is not economically efficient.8 Nor is it politically realistic: a
climate policy that does not take costs into consideration will never be
ratified by the US Senate and is likely to be rejected – or ratified but
later repudiated – by many other governments as well.
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In summary, neither of the two main market-based mechanisms for
pollution control are suitable for climate change. A carbon tax would
be economically efficient but is not a credible long-term policy because
of the conflict it would create between a government and its con-
stituents. A permit system based on a fixed number of long-term
permits is also unsuitable but has the opposite weaknesses: it would be
credible, but it would be inefficient since carbon dioxide is not a thresh-
old pollutant. Although both mechanisms have serious economic and
political disadvantages when used alone, those problems can be over-
come by a hybrid policy that combines the best elements of both.9 For
efficiency, the hybrid should act like an emission tax at the margin: it
should provide incentives for abatement of all emissions that can be
cleaned up at low cost while not requiring that a particular emission
target be achieved. For long-term credibility, the hybrid should create
a private sector constituency with a clear financial interest in seeing the
policy maintained and enforced. The structure and operation of a
hybrid policy for addressing climate change at the national level are
discussed in the following section; a subsequent section will discuss the
international implications of the policy.

A hybrid policy for controlling national emissions

A hybrid policy for climate change is discussed in detail in McKibbin
and Wilcoxen (2002) and summarized briefly in Box 1. It combines a
limited supply of long-term permits good for multiple years with a
much more flexible supply of annual permits. Every year, firms would
be required to hold a portfolio of permits equal to the amount of
carbon they emit.10 The portfolio could include any mix of long-term
and annual permits. The long-term permits could be owned outright
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Morgenstern and Pizer (1997); Kopp, Morgenstern, Pizer and Toman (1999);
Americans for Equitable Climate Solutions (2000); Aldy, Orszag and Stiglitz
(2001); and Victor (2001).

10 This approach is known as a downstream policy because it applies to fuel users.
It would also be possible to apply the policy upstream by imposing limits on the
carbon embodied in fuels when they are produced (e.g., at the mine mouth or
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by the firm, or they could be leased from other permit owners. In the
sections below we discuss each type of permit in more detail.

Long-term permits

A country adopting the hybrid policy would create and distribute a set
of long-term permits, each entitling the owner to emit a specified amount
of carbon every year for the life of the permit. The simplest long-term
permit would have no expiration date and would allow one ton of emis-
sions every year forever. A more sophisticated alternative would be to
issue long-term permits with a variety of expiration dates, much the way
governments now issues bonds. For example, a country wishing to dis-
tribute 100 long-term permits might chose to issue 20 of them as per-
petual permits, 40 as permits expiring in fifty years, and the remaining
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Box 1: A hybrid policy for controlling national emissions

In its basic form, the hybrid policy allows each participating
country to issue two kinds of emission permits: long-term permits
that entitle the owner of the permit to emit one metric ton of
carbon every year for a period specified by the permit, and annual
permits that allow one ton of carbon to be emitted in a single,
specified year. Key features of the policy are listed below:

Long-term permits:
– Limited quantity available, perhaps a specified fraction of 1990

emissions
– Distributed once, at the time when the policy is first enacted
– Could be bought, sold or leased within the country of issue

without restriction
– Could only be used in the country of issue; no international

trading
– Price will be determined by the market

Annual permits:
– Would be sold for a stipulated price, say $20 per ton of carbon
– Valid only in the year and country of issue
– No limit on the quantity that could be sold



40 as permits expiring in twenty years. In essence, this approach would
create a family of assets with a term structure of expiration dates.11

Just as the expiration date of the permits can be varied, so could be
the amount of emissions each permit allows at each point in time.12 For
reasons we will return to later in the chapter, governments might find
it useful to have the amount of emissions allowed by a long-term
permit decline over the permit’s life. For example, a permit might allow
1 ton of emissions per year for the first 20 years after it is issued, 75
percent of a ton during years 21–40, 50 percent of a ton in years 41–60,
25 percent of a ton after that.13 It would be analogous to distributing
bundles of permits with varying expiration dates: an equivalent bundle
would consist of four 0.25 ton permits: one valid for twenty years,
one for forty years, one for sixty years, and one valid in perpetuity.
Computing the market value of such permits would be slightly more
complex than valuing permits allowing one ton per year. However, the
added complications would be minimal as long as all long-term permits
had the same issue and expiration dates, and hence allowed identical
paths of future emissions.14 Moreover, this approach has a very signif-
icant advantage relative to a system of one-ton permits with varying
expiration dates: all long-term permits would be identical and would
hence trade in a single market at a single price.

When initially distributed, the long-term permits could be given
away, auctioned, or distributed in any other way the government of the
country saw fit. One option would be to distribute them free to firms
in proportion to their historical fuel use. For example, a firm might
receive permits equal to 90 percent of its 1990 carbon emissions. Such
an approach would be relatively transparent and would limit the incen-
tives for lobbying by firms. It is important to note that although the
allocation would be based on historical emissions, the policy would
not have the disadvantages of a traditional grandfathering scheme.
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these lines.

12 We are indebted to Rob Stavins for pointing out that long-term permits need not
allow constant emissions over their lifetimes. As we will discuss later in the chapter,
this feature would play a crucial role in the evolution of a hybrid system over time.

13 This structure potentially addresses Frankel’s suggestion in Chapter 2 that a climate
policy should consist of a series of gradually tightening medium term targets.

14 Varying both attributes of long term permits (the expiration date and the time path
of allowed emissions) would be a mistake. It would create unnecessary transac-
tions costs by fracturing the long term permit market into many submarkets.



Because the permits are completely tradable and are not tied in any way
to the original recipient or any particular plant, they do not create dif-
ferences in marginal costs across firms or plants. Moreover, the exis-
tence of annual permits limits the ability of incumbent firms to create
entry barriers by keeping their long-term permits off the market:
entrants could simply buy annual permits. Incumbent firms would
benefit financially from the initial distribution of permits, but unless
they were previously liquidity-constrained, they would not be able to
use their gains to reduce competition.15

Another alternative would be to auction the permits, but few gov-
ernments would find auctioning attractive. From the point of view of
the energy industry, auctioned permits would be exactly like a carbon
tax except with an added disadvantage: the industry would have to pay
the entire present value of all future carbon taxes up front. To see why,
suppose the number of long-term permits to be issued is small enough
that at least a few annual permits would be sold in every year. The price
of a permit during the auction would be bid up to the present value of
a sequence of annual permit purchases. As far as the industry is con-
cerned, the policy would be equivalent to a carbon tax set at the annual
permit price, except that it would have to pay the entire present value
of all future tax payments on the emissions allowed by the permit at
the time of the auction.

Once distributed, the long-term permits could be traded among
firms, or bought and retired by environmental groups. The permits
would be very valuable because: (1) there would be fewer available
than needed for current emissions, and (2) each permit allows annual
emissions over a long period of time. As a consequence, the owners of
long-term permits would form the private sector interest group needed
for long-term credibility of the policy: they would have a clear finan-
cial interest in keeping the policy in place.

Annual permits

The other component of the policy, annual emission permits, would be
straightforward: the government would agree to sell annual permits

A credible foundation for cooperation 193

15 In passing, it’s worth noting that anti-competitive behavior by the incumbents,
while unlikely, would have an environmental benefit: it would reduce overall
carbon emissions.



for a specified fee, say for $20 per ton of carbon. There would be no
restriction on the number of annual permits sold, but each permit
would be good only in the year it is issued. To put the fee in perspec-
tive, $20 per ton of carbon is equivalent to a tax of about $12 per ton
of coal and $3 per barrel of crude oil; other things equal, the price
of a $22 ton of coal would rise by about 50 percent and the price of a
$60 barrel of oil would rise by about 3 percent. The annual permits
give the policy the advantages of an emission tax: they provide clear
financial incentives for emission reductions but do not require govern-
ments to agree to achieving any particular emission target regardless
of cost.

Incentives for investment

Although the policy is more complex than an emission tax or conven-
tional permit system, it would provide an excellent foundation for the
large private sector investments in capital and research that will be
needed to address climate change. To see why, consider the incentives
faced by a firm after the policy has been established. Suppose it has the
opportunity to invest in a new production process that would reduce
its carbon emissions by one ton every year. If the firm is currently cov-
ering that ton by buying annual permits, the new process would save
it $20 per year every year. If the firm can borrow at a 5 percent real
rate of interest, it would be profitable to adopt the process if the cost
of the innovation were $400 or lower. For example, if the cost of adop-
tion were $300, the firm would be able to avoid buying a $20 annual
permit every year for an interest cost of only $15; adopting the process,
in other words, would eliminate a ton of emissions and raise profits by
$5 per year.

Firms owning long-term permits would face similar incentives to
reduce emissions because doing so would allow them to sell their
permits. Suppose a firm having exactly the number of long-term
permits needed to cover its emissions faced the investment decision in
the example above. Although the firm does not need to buy annual
permits, the fact that it could sell or lease unneeded long-term permits
provides it with a strong incentive to adopt the new process. To keep
the calculation simple, suppose that the permits are perpetual and
allow one ton of emissions per year. At a cost of adoption of $300, the
firm could earn an extra $5 per year by borrowing money to adopt the
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process, paying an interest cost of $15 per year, and leasing the permit
it would no longer need for $20 per year.

The investment incentive created by a hybrid policy rises in propor-
tion to the annual permit fee as long as the fee is low enough to be
binding – that is, low enough that at least a few annual permits are
sold. For example, raising the fee from $20 to $30 raises the invest-
ment incentive from $400 to $600. That makes sense: if emitting a ton
of carbon becomes 50 percent more expensive every year, the amount
a firm would pay to avoid that cost should rise by 50 percent as well.
Raising the annual fee even further would continue to increase the
incentive in proportion, provided that the policy remains credible: a
$40 fee generates a $800 investment incentive; a $50 fee generates a
$1,000 incentive; and so on.

The upper limit on incentives created by the annual fee is the market-
clearing rental price of a long-term permit in a pure tradable permit
system. Above that price, there would be enough long-term permits in
circulation to satisfy demand and no annual permits would be sold. For
example, if long-term permits would rent for $90 a year under a pure
permit system, the maximum price of an annual permit under the
hybrid will be $90.

Credibility and incentives

The critical importance of credibility becomes apparent when consid-
ering what would happen to these incentives if firms are not sure the
policy will remain in force. If the policy were to lapse at some point in
the future, emission permits would no longer be needed. At that point,
any investments made by a firm to reduce its emissions would no longer
earn a return. The effect of uncertainty about the policy’s prospects is
thus to make the investments it seeks to encourage more risky. Firms
will take that risk into account when evaluating climate-related invest-
ments and will be willing to pay far less to undertake them as a result.
The decline in incentives is surprisingly large. Consider the same invest-
ment that would save a firm $20 a year if the policy is in force, but
now suppose the firm believes that there is a 10 percent chance each
year that the policy will be repealed. That may sound like a small
erosion of credibility, but it can be shown that it reduces the maximum
amount the firm would be willing to pay for the innovation from $400
to only $133. The drop in credibility – from 100 percent confidence in
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continuation of the policy to 90 percent – reduces the incentive for
investment by two-thirds.

Since the incentives created by the policy increase with the price of
an annual permit, a government might try to compensate for low cred-
ibility by imposing higher annual fees. For example, suppose a gov-
ernment would like a climate policy to generate a $400 incentive for
investment but firms believe that there is a 10 percent chance the policy
will be abandoned each year. For the policy to generate the desired
incentive, the annual permit price would have to be $60 rather than
$20. That is, the stringency of the policy (as measured by the annual
permit fee) must triple in order to offset the two-thirds decline in the
incentives arising from the policy’s lack of credibility. In practice, the
situation is probably even worse. Increasing the policy’s stringency is
likely to reduce its credibility further, requiring even larger increases in
the annual fee. For example, suppose that investors believe that the
probability the government will abandon the policy rises by 1 percent
for each $20 increase in the annual fee. In that case, maintaining a
$400 investment incentive would require an annual fee of $70 rather
than $60, which would be accompanied by an increase in the perceived
likelihood of the policy being abandoned from 10 percent to 12.5
percent. The general lesson is clear and vitally important to the devel-
opment of an effective climate policy: a modest but highly certain
policy generates the same incentives for action as a policy that is much
more stringent, but also less certain. A hybrid policy with a modest
annual permit price would generate larger investment incentives than
a more draconian, but less credible, emission target imposed by a
system of targets and timetables.

Analogous institutions

Our discussion of the hybrid policy so far has been somewhat abstract,
which might give the impression that it is a complicated and unfamil-
iar mechanism. In fact, nothing could be further from the truth.
Stripped to its bare essentials, the main effect of the hybrid is to create
a new asset – a long-term permit – that behaves very much like a con-
ventional form of capital. Individuals face analogous decisions every
day. The similarity can be seen by comparing the way a firm would use
its permits with the way a household uses its automobiles. When a firm
needed to emit carbon dioxide, it would compare the prospective
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emissions against its stock of long-term permits. If it had too few
permits, it would have four choices: it could reduce its emissions until
they matched its stock of permits; it could buy more long-term permits;
it could lease additional long-term permits from other permit owners;
or it could buy annual permits from the government. Someone plan-
ning transportation for household begins by comparing the number of
passengers to the capacity of the available vehicle. If the number of pas-
sengers exceeds the capacity, the alternatives are very similar to those
faced by the firm: reduce the number of passengers; buy another
vehicle; rent or lease an additional vehicle; or send some of the pas-
sengers in a taxi (the option equivalent to annual emission permits).
Although it may sound exotic, a hybrid policy is no more complex than
other decisions involving capital goods routinely made by individuals
and firms.

The analogy between permits and vehicles also helps clarify the role
of annual permits. Someone with a predictable need to transport a
large number of people would usually find it best to own several vehi-
cles, while someone whose transportation needs were less predictable
would find it better to own a smaller number of vehicles and use rental
cars or taxis to cover peak periods. Similarly, firms with a predictable
need for a large number of permits would generally find it best to own
a large number of long-term permits, while firms whose emissions fluc-
tuate a lot from year to year would find it profitable to own a smaller
number of long-term permits and cover peak periods using leased or
annual permits. Annual permits would thus play a valuable role in
helping firms manage short-term fluctuations.

Summary

A hybrid policy combining a fixed supply of tradable long-term emis-
sions permits with an elastic supply of annual permits would be a viable
and efficient long-term climate policy at the national level. It would be
more credible than many alternatives, especially a carbon tax, because
it builds a political constituency with a large financial stake in prevent-
ing backsliding by future governments. It thus addresses the inherent
difficulty that a democratic government faces in binding future govern-
ments to continue carrying out the policy. At the same time, the provi-
sion for annual permits allows the hybrid to avoid the inefficiencies
and political hurdles that would arise with a conventional system of
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permits, which would impose a rigid cap on emissions. Thus, it would
provide a strong foundation for investment decisions by the private
sector because it creates credible, long-term returns for reducing green-
house gas emissions. It combines the best features of a permit system
and an emissions tax, as shown in Table 5.1.
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Table 5.1 Comparing key attributes of market-based climate policies

International Carbon Hybrid
Attribute permits tax policy

Attributes in common
Minimizes abatement costs within each � � �

country
Encourages energy conservation and � � �

innovation
Guarantees that benefits are greater than no no no

costs
Attributes of tax-based approaches
Relies on national legal systems and no � �

institutions
Economically efficient response to no � �

uncertainties
Explicit upper bound on compliance costs no � �
Avoids large international transfers of no � �

wealth
Provides incentives for domestic no � �

enforcement
Does not need strong international no � �

enforcement
Robust to accession or withdrawal of no � �

participants
Limits propagation of shocks across no � �

countries
Attributes of permit-based approaches
Creates constituencies for enforcement � no �
Flexibility in domestic distributional effects � no �
Does not requires large transfers to the � no �

government
Easy to implement transition relief � no �
Guarantees a given reduction in emissions � no no



International cooperation and harmonization

A key feature of the hybrid policy we propose is that emission permits
would be valid only in the country of issue. They would not be trad-
able internationally – permits issued in one country could not be used
to cover emissions in another country.16 Each country would manage
its own domestic hybrid policy using its own existing legal system and
financial and regulatory institutions. There would be no need for
complex international trading rules, or for the creation of a powerful
new international institution, or for participating governments to cede
a significant degree of sovereignty to an outside authority. As a result,
a treaty built around the hybrid policy would be very simple and would
focus primarily on harmonizing the price of annual permits across par-
ticipating countries.17 To join the agreement, a country would estab-
lish a hybrid permit system and agree to charge the price specified in
the treaty for annual permits. Unlike an agreement focused on achiev-
ing a national emission target, governments would be making com-
mitments that are within their direct control.

Easy accession is very important. To be effective in the long run, the
agreement will eventually need to include all countries with significant
greenhouse gas emissions. However, it is unlikely that all countries will
choose to participate at the beginning. Developing countries, for
example, have repeatedly pointed out that current greenhouse gas
emissions are overwhelmingly caused by industrialized countries, and
that those countries, therefore, should take the lead in reducing emis-
sions. As a result, an international climate policy will need to cope with
gradual accessions taking place over many years. Its design, in other
words, must be suitable for use by a small group of initial participants,

A credible foundation for cooperation 199

16 Strictly speaking, the term “country” is too narrow. The permits would be valid
only within the political jurisdiction of issue. If the relevant jurisdiction is multi-
national – the EU, for example – permits could be traded between countries
within the broader jurisdiction.

17 Because the core of the treaty would be the price of annual permits, it would be
relatively straightforward to negotiate: only one key number is really involved.
That is not to say, however, that negotiations would be trivial: getting agreement
on the annual price would require considerable diplomacy. It is interesting to
note that a treaty of this form has a strong built-in incentive for countries to par-
ticipate in the initial negotiations. Countries that participate will have a role in
setting the annual price while those who remain on the sidelines will not. We are
indebted to Jonathan Pershing for pointing this out.



a large group of participants many years in the future, and all levels in
between. Because it is fundamentally a harmonized system of domes-
tic policies, rather than a monolithic international policy, our hybrid
proposal has exactly the flexibility needed. A country can participate
by simply adopting the hybrid domestically, without any need for inter-
national negotiations.

Beyond specifying the price of annual permits, the treaty could
provide a guideline for governments to use in determining the number
of long-term permits to issue. It could, for example, suggest that sig-
natories distribute no more long-term permits than their allotments
under the Kyoto Protocol. However, governments wishing to tackle
climate change more aggressively could choose to distribute fewer
long-term permits.18 Moreover, governments that for one reason or
another would prefer a carbon tax could distribute no long-term
permits at all.19 The treaty does not need to specify rigid allocations of
long-term permits because emissions will generally be controlled at the
margin by the price of annual permits. As long as each country dis-
tributes few enough long-term permits that at least one annual permit
is sold, the number of long-term permits only affects the distribution
of permit revenue between the private sector and the government; it
does not affect the country’s total emissions. Distributing a small
number of long-term permits means the government will earn a lot of
revenue from annual permit sales, but it also means that the lobby
group supporting the policy will be weak. Distributing a larger number
means less government revenue and a stronger supporting lobby. In
either case, one country’s decision has little effect on other signatories.

Developing countries

One important role for the treaty’s long-term permit guidelines
would be to distinguish between developed and developing countries.
Developing countries could be allowed to distribute more long-term
permits than needed for their current carbon emissions. In that case, a
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18 As discussed by Victor in Chapter 4, countries have different degrees of concern
about climate change and different abilities to implement climate policies. A
coordinated system of hybrid policies provides participants with the ability to
tailor the policy to their own circumstances.

19 A government might prefer a carbon tax if it lacks the institutional and admin-
istrative mechanisms needed to operate a permit market.



country adopting the treaty would be committing itself to slowing
carbon emissions in the future but would not need to reduce its emis-
sions right away. As the country grows, its emissions will approach the
number of long-term permits. The market price of long-term permits
would gradually rise, and fuel users would face increasing incentives to
reduce the growth of emissions.

A generous allotment of long-term permits would reduce the disin-
centives faced by developing countries, but that alone might not be
enough to induce widespread participation. If stronger incentives are
needed, it would be possible to augment the treaty with a system of
foreign aid payments or with programs for technology transfer to par-
ticipating developing countries. Alternatively, the infrastructure poli-
cies discussed by Victor in chapter 4 could be used as an inducement.
In either case, the result would be more transparent and more attrac-
tive to developing countries than the Kyoto Protocol, which essentially
requires that compensation payments from developed to developing
countries be in-kind, in the form of improved energy technology.

Advantages of separate markets

Because the permit markets under this policy are separate between
countries, shocks to one permit market do not propagate to others. For
example, accession by a new participant has no effect on the permit
markets operating in other countries.20 Similarly, if a participating
country withdraws from the agreement or fails to enforce its hybrid
policy, permit markets in other countries are also unaffected.21

Collapse of one or more national permit systems would be unfortunate
in terms of emission control, but it would not cause permit markets in
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20 The mechanism Frankel proposes in Chapter 2 for accession would have the
opposite property. New participants would be given permit quotas sufficient to
guarantee that they could sell permits in their first few years of membership. As
a result, permit prices in other countries would invariably drop every time a new
country joined. The result would be good for energy users but bad for the owners
of long term permits.

21 As discussed by Scott Barrett in Chapter 6, an international permit system could
be particularly difficult to enforce because of the links it creates between coun-
tries. Restricting sales of permits by non-complying countries, as would be
required under the Kyoto Protocol, would harm the interests of compliant coun-
tries by raising permit prices. The international links between permit markets
thus provide a strong incentive against enforcement of the agreement.



other countries to collapse as well. Separate permit markets are, in
essence, a form of compartmentalization that lends stability to the
international agreement. In contrast, under an international trading
agreement, such as the Kyoto Protocol, shocks in one country – inef-
fective enforcement, or withdrawal from the agreement, for example –
would cause changes in permit prices around the world. Permit owners
would receive windfall gains or losses and permit users would be faced
with volatile and unpredictable permit prices. From the perspective of
both permit owners and permit users, investments in emission reduc-
tions would be more risky.

Compartmentalization is especially important for a climate change
agreement, which must endure for many, many years. Not only must
it be able to survive noncompliance by some of its members, it must
be able to survive through economic booms and busts; through wars
and pandemics; and through times of low concern about the envir-
onment as well as in times of high concern. Moreover, because of the
uncertainties surrounding climate change, it must also survive through
intervals where warming seems to be proceeding more slowly than
expected and there could be political pressure to abandon the agree-
ment on the grounds that it is not necessary. Such intervals could arise
because of random fluctuations in global temperatures from year to
year, or because the policy is actually succeeding in reducing the
problem. The latter point is worth emphasizing: if a climate regime is
successful at reducing warming and preventing significant damages, it
will be easy for complacency to arise: many people may interpret
the absence of disasters to mean that the risks of climate change were
overstated.

Another advantage of multiple national permit markets, rather than
a single international one, is that individual governments would have
little incentive to monitor and enforce an international market within
their borders. It is easy to see why: monitoring polluters is expensive,
and punishing violators would impose costs on domestic residents in
exchange for benefits that will accrue largely to foreigners. There
would be a strong temptation for governments to look the other way
when firms exceed their emission permits. For a treaty based on a single
international market to be effective, therefore, it will need to include
a strong international mechanism for monitoring compliance and
penalizing violations. National permit markets reduce the problem
substantially because monitoring and enforcement becomes a matter
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of enforcing the property rights of a group of domestic residents – the
owners of long-term permits – in domestic markets.

Potential disadvantages of separate markets

One possible disadvantage of separate permit markets is that the prices
of long-term permits might differ between countries. If so, the overall
policy would not be minimizing the cost of abatement: it would be pos-
sible to lower overall abatement costs by doing more abatement in
countries where permit prices are low and doing less abatement in
countries where prices are high. However, it is unlikely that permit
prices would differ significantly in practice.22 As long as each country’s
stock of long-term permits is small enough that at least one annual
permit is sold, long-term permit prices in all participating countries will
be equal to the present value of buying a stream of annual permits.
With annual permit prices harmonized across countries, permit prices
will therefore be equal.

Separate markets have other liabilities as well. Because each country’s
trading rules will be different, it will be harder for multinational firms
and brokers to operate across borders than it would be with a single
international market. In addition, some markets will be small, which
will mean that the liquidity of long-term permits will be lower in those
countries. Also, small markets have a greater risk of anti-competitive
behavior on the part of locally large buyers or sellers.

Balancing the pros and cons

Overall, the advantages of an internationally coordinated system of
national hybrid policies outweigh the potential disadvantages of separ-
ate permit markets. The policy would be credible and efficient, thereby
providing a solid foundation for investments by individuals and firms
to reduce emissions. It would be implemented almost entirely via
national governments and other existing institutions without the need
for a powerful new international agency. It would require little sacri-
fice of sovereignty by participants. Accession would be straightforward
and would not disturb existing permit markets. It would be robust,
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small problem.



because adverse shocks in one permit market would not propagate to
others. Finally, it would eliminate the disincentives national govern-
ments would face in monitoring and enforcing an international trading
regime. It might not minimize costs completely, but that outcome
occurs only in situations that are unlikely to arise in practice.
Moreover, the potential loss of efficiency is likely to be insignificant
when compared to the administrative gains achieved by using existing
institutions.

Evolution over time

Over time, more information will become available about climate
change, its effects, and about the costs of reducing emissions. Revising
the agreement in light of new information is straightforward: if it
becomes clear that emissions should be reduced more aggressively, the
price of annual permits can be raised. The political prospects for an
increase would be helped by the fact that raising the price of annual
permits would produce a windfall gain for owners of long-term
permits, since the market value of long-term permit prices would rise
as well.23

If new information indicates that emissions should drop below the
number allowed by long-term permits, raising the price of annual
permits would need to be augmented by a reduction in the stock of
long-term permits. One option would be for each government to buy
and retire some of the long-term permits it issued. However, the costs
involved could make that approach infeasible. A better option would
be to design the original permits to expire gradually. Of the options dis-
cussed earlier in the chapter, we favor an approach with perpetual
permits whose allowed emissions gradually diminish over time. Such a
system would establish long-term property rights and strong, credible
incentives but would still allow future governments room to maneuver.
In addition, the gradual reduction in emission entitlements will make
the policy more attractive to environmental groups.
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23 Although long term permit owners would welcome an increase in the annual
price, there is little risk that they would be able to drive prices up on their own.
Given that other energy users provide countervailing pressure to keep energy
prices low, it is hard to imagine that permit owners would be able to push a
government into adopting an inefficiently high price and excessively stringent
emissions policy.



Building on the foundation

The agreement outlined above – an internationally coordinated system
of national hybrid policies for controlling carbon emissions – provides
a solid foundation for private sector investments to reduce emissions
of carbon dioxide. It provides clear and credible financial incentives for
developing and deploying new innovations that reduce fossil fuel use,
or capture and sequester carbon emissions. However, it need not be the
only policy adopted and could easily be integrated with other actions
taken at the national level. In this section, we discuss the advantages
and disadvantages of including gases other than carbon dioxide;
including sinks; and including measures focused on technology, such
as product standards or subsidies for research and development.

Including other greenhouse gases in a unified hybrid policy would be
possible using a system of weights at which emissions of different gases
could be traded.24 However, doing so would add considerably to the
complexity and cost of monitoring and enforcement. Monitoring the
use of fossil fuels is relatively easy because they are produced in a
narrow segment of the economy. In contrast, monitoring emissions of
methane from agriculture and landfills, for example, would be much
more difficult. Because carbon dioxide accounts for most of the
greenhouse gas burden, starting with a system focused on it would be
an attractive approach. Other gases could be controlled later via sepa-
rate hybrid policies for each gas. The policies would be coordinated
via appropriate annual permit prices that were equal on a carbon-
equivalent basis.

Credit for sinks could also be included in a hybrid policy. In fact, an
important advantage of the hybrid approach is that the decision on
whether or not to allow credit for sinks could be left to the discretion
of individual governments and would not need to be a formal part of
the international agreement. Including sinks would be straightforward.
Individuals and firms carrying out sink-enhancement projects would
apply to their own governments for certification of the number of
tons of carbon sequestered by their projects each year. The owners
of the sinks would then be allowed to sell an equivalent number of
annual permits. In effect, a government granting credit for sinks would
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subsidize the activity by shifting revenue that it might otherwise have
earned to the owners of the sinks.

Finally, the hybrid policy could also be combined with a wide range
of measures focused on energy technology, including product standards,
informational campaigns, demand-side management, subsidies for
investment in non-fossil energy sources, or research and development
subsidies. Although each of these could be combined with the hybrid,
none of them could replace it. Without the clear, credible incentives for
investment provided by the hybrid, individuals and firms will be slow to
adopt new technologies to reduce emissions. In fact, without a price-
based instrument like the hybrid, many of these policies would be coun-
terproductive. Subsidized research and development, in particular,
would have the effect of reducing energy prices, thus tending to increase
energy consumption and greenhouse gas emissions. Using the hybrid
policy in combination with a research subsidy would offset this effect.

Conclusion

If an international agreement is to succeed in reducing global carbon
dioxide emissions, it should build on existing institutions to establish
credible long-term incentives for major investments in physical capital
and in research and development. In particular, it should focus on fos-
tering collaboration and coordination among national governments,
rather than on attempting to create a new international organization
that would be likely to place national governments in the position of
imposing unpopular international policies on their constituents.

At the national level, a hybrid policy mixing long- and short-term
emission permits has many features that would help provide credible
incentives. It would create a powerful interest group – the owners of
long-term permits – with a financial stake in the existence and enforce-
ment of the policy. Creating such a group does not guarantee that the
policy will be carried out indefinitely: a future government could still
abandon the policy or reduce its stringency. However, it certainly
improves the odds: a policy supported by a vested interest group clearly
has a better chance of survival than one having only moral support.

In addition, the flexibility provided by annual permits allows the
policy to be adopted without the need for a government to agree to
achieve a rigid emission target regardless of the cost. Tradability of the
permits also provides the usual benefit of market-based environmental
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policies: it ensures that within each country, emission reductions will
be achieved at minimum cost.
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Commentaries on McKibbin
and Wilcoxen

5.1 The case for greater flexibility in
an international climate change
agreement

richard d. morgenstern

Introduction

Warwick McKibbin and Peter Wilcoxen, authors of “A Credible
Foundation for Long-Term International Cooperation on Climate
Change,” challenge the Kyoto orthodoxy, rejecting a top-down
international structure in favor of what they term “coordinated
national approaches” which involve only minimal intrusion on
national sovereignty. They articulate the key goals of an international
climate policy and, critically, they highlight the basic limitations
of government in implementing the policies needed to achieve long-
term reductions of carbon dioxide and other greenhouse gases.
Recognizing the inherently voluntary nature of an international
agreement, they develop a proposed architecture that is robust with
respect to the withdrawal of individual participants from the agree-
ment and, at least in principle, attempts to align the incentives for
protection of the atmosphere with economic realities. However, given
the complexity of the problem they are addressing, it is not surpris-
ing that neither the political economy nor the pragmatic aspects
of their approach are fully convincing. In the first part of my com-
ments, I briefly summarize the McKibbin–Wilcoxen assessment of
the Kyoto-style top-down approach. The second section focuses on
their proposed policy architecture. Third, I consider how the
McKibbin–Wilcoxen proposal differs from an approach previously
advanced by myself and several of my colleagues. The fourth sec-
tion examines the political economy issues associated with the
McKibbin–Wilcoxen proposal. Finally, I offer some practical sugges-
tions on how to move ahead on the difficult issue of international
climate change policy.
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The problem definition

McKibbin and Wilcoxen eschew radically new, international institu-
tions as unworkable and seek, instead, to address climate change via
policies that can be implemented by national governments, largely via
existing arrangements, and with a minimum of international coordin-
ation. They identify three key elements of a successful policy: it must
be widely adopted; it must remain in force indefinitely; and it must
provide credible incentives for individuals and firms to make large-
scale, long-term investments to reduce emissions, including support for
research and development. They also stress the importance of creating
incentives for individuals and firms as opposed to governments to
make the needed investments since, unlike most treaties which apply
to actions taken directly by governments, the private sector is the key
actor in reducing greenhouse gas emissions.

McKibbin and Wilcoxen recognize that new policies do not become
credible simply by being written into law, since subsequent legislation
can repeal a law, and subsequent administrative actions can weaken
enforcement. To push back against the likely pressures for policy relax-
ation that might occur in the event of an unanticipated technological
breakthrough or other major change, McKibbin and Wilcoxen attempt
to create a constituency with strong financial interests in perpetuating
current climate policies. Such a constituency, they argue, will lobby now
and in the future to maintain or increase the stringency of the current
policies. At a minimum, this new constituency will serve as a counter-
weight to those seeking policy relaxation. In that sense, their approach
at least partially addresses the potential for dynamic inconsistency in
climate policy.

As an example of the incentives for policy relaxation in most climate
policy proposals, they note the instability of a carbon tax, economists’
favored approach. Despite the obvious efficiency advantages of such an
instrument, and the potential for a large revenue stream, imposition of
a carbon tax would not create a major private sector constituency for
perpetuating the policy over the long term, especially in the face of a
technology breakthrough. On the contrary, the very existence of the tax
would likely motivate powerful interests to seek rate reduction or total
abolition. As they note, even if these interests fail to achieve their goal
of policy relaxation, the very act of lobbying against the carbon tax
increases the uncertainties associated with long-term investments in
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research and development and in direct mitigation, and thereby reduces
the level of such activities. Thus, despite the economic efficiency of a
carbon tax, it is not a viable long-term instrument because it creates
inherent conflicts between governments and their constituents. What
to do?

The elegant solution

McKibbin and Wilcoxen’s proposed solution is quite elegant, marry-
ing the efficiency of a carbon tax with the credibility of long-term
permits. Like the late David Bradford (2002), they identify property
rights issues as critical and emphasize the importance of defining such
rights upfront. Specifically, McKibbin and Wilcoxen propose a hybrid
system involving two types of emission permits: (1) long-lived (perpet-
ual) permits which allow one ton of emissions per year for the life of
the permit; and (2) short-term (annual) permits, valid for a single ton
of emissions, that act at the margin like a carbon tax. The price of the
short-term permits would be controlled by the use of a safety valve,
presumably one with an escalating price cap. Once allocated, the
permits could be traded or leased without limitation. They also recog-
nize that other policies to encourage development and adoption of new
technologies, including product standards, demand-side management,
direct subsidies, etc. could be combined with their hybrid permit
scheme.

Noting that greenhouse gases represent a classic example of a stock
pollutant, wherein damages are a function of the total accumulation of
these gases rather than short-term emission spikes, McKibbin and
Wilcoxen argue that strict adherence to a rigid system of targets and
timetables is less important environmentally than the long-term effort
to reduce emissions. Because their approach would not oblige a nation
to meet its short-run target irrespective of the cost, on efficiency
grounds it is clearly superior to one based solely on a fixed quantity
system. At the same time, they note that a system based on fixed quan-
tity targets is unlikely to be ratified by the US Senate. Neither is it likely
to be a viable long-term option for most other nations. Thus, adher-
ence to a short-term cap is neither economically efficient nor politically
realistic.

A key feature of the proposed policy is that the emission permits
would be valid only in the country of issue. Thus, in principle, each
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nation would be able to manage its own domestic activities. To join the
agreement, a country would agree to establish a comparable hybrid
system with both perpetual and annual permits and to coordinate the
ceiling price for the annual permits via an (unspecified) international
process. Although only limited international negotiations would be
required upfront, to be effective over the long term, the agreement
would (eventually) need to include all countries with significant green-
house gas emissions. At the outset, the signatories would be the indus-
trial nations. In the future, other nations would be expected to join,
perhaps according to some predetermined formula based on per capita
income, size, or other factors.

Because the system would not involve international trading, the
withdrawal of a participant would not directly affect compliance
strategies or costs of other nations. This is in contrast to the Kyoto
Protocol where, as Bohringer (2002) and others have shown, the with-
drawal of a large nation like the United States substantially reduced the
mitigation costs for the remaining signatories.

Over time, as knowledge about climate science and mitigation costs
increases, the signatories might want to further reduce the long-term
emission path. In that case, McKibbin and Wilcoxen would oblige the
national governments to re-purchase some of the previously issued
perpetual permits. The individuals or firms gaining the most from the
government buy-back would represent a natural constituency for the
more stringent policy. Of course, the converse is also true. That is, if
the new scientific and economic knowledge indicated that emissions
did not need to be reduced as much as previously believed, the existing
permit holders would be expected to lobby against a relaxation.

To hedge against some of the extremes in either direction, McKibbin
and Wilcoxen would issue some long-lived permits with a fixed term,
say forty or fifty years, rather than giving them all an infinite life. Thus,
there would be a term structure of permit lives, much like the current
range of bond maturities in financial markets. Interestingly, their pro-
posal is somewhat similar to the architecture used in individual fishing
quotas (IFQs), although these quotas are typically allocated for a rela-
tively short period (seven years) (Sanchirico et al., 2006). Despite the
current practice of re-issuing the IFQs gratis to the existing permit
holders, the requirement for new decision creates some uncertainty
about the future. In all likelihood, adoption of a similar mechanism for
climate change would create much greater uncertainty about future
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policies, thereby reducing incentives for investment in research and
development or direct mitigation. Thus, adoption of the IFQ-type
mechanism would undermine one of the principal rationales for the
McKibbin–Wilcoxen approach – namely, to increase long-term invest-
ment in carbon mitigation.

Comparison with Kopp et al.

In 1997, around the time McKibbin and Wilcoxen first introduced the
policy framework that has evolved into their present proposal, Kopp,
Morgenstern, and Pizer (1997) advanced a policy framework with
many of the same characteristics.1 While a number of the specifics of
both proposals have evolved over the years, the key elements remain.2

This section briefly outlines some of the key similarities and differences
between the two approaches.

Like McKibbin and Wilcoxen, Kopp and his colleagues take a long-
term, price-based perspective and require governments to frame com-
mitments in terms of both the level of effort required (the safety-valve
price) and the emission reductions they seek to achieve (a quantity
target). Unlike McKibbin and Wilcoxen, however, who propose to make
the key decisions upfront about the level of control and the allocation of
permits decisions, Kopp and his colleagues seek greater flexibility.
Specifically, they are more focused on the possibility of changing emis-
sion targets over time in response to new information about climate
science and economics. Whereas McKibbin and Wilcoxen would force
the government to repurchase allowances in the event the target needs
to be reduced, Kopp and his colleagues would have the long-term prop-
erty rights reside in the public sector, thereby reducing the government’s
cost of such a decision. Regarding the allocation of permits, McKibbin
and Wilcoxen would make an upfront decision to allocate the permits
freely, thus foreclosing options for redistribution to new or different
sources, to heavily impacted consumer or regional groups or, more
generally, to the possibility of an auction. In their writings, Kopp,
Morgenstern, and Pizer are more concerned about the equity and effi-
ciency aspects of the upfront allocation, while McKibbin and Wilcoxen
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focus on building a political constituency for perpetuation of the policies
(see next section for further discussion).

A second difference between the two approaches involves support of
research and development (R & D). Whereas McKibbin and Wilcoxen
are quite open to such a program, they do not advance a specific
funding mechanism to support it. In contrast, Kopp et al. (2004) explic-
itly earmark some of the revenues from the sale of safety-valve permits
to finance an R & D program. Third, although McKibbin and Wilcoxen
oppose a Kyoto-style agreement, they do advocate a specific interna-
tional framework to be negotiated upfront. Kopp et al. (2004) focus on
a bottom-up strategy, preferring to lead by example, building on one or
more successful domestic programs before locking into a specific inter-
national architecture.

Political economy and pragmatism

Despite its elegance, the McKibbin–Wilcoxen approach faces numer-
ous hurdles in both the domestic and the international spheres. Even
though it is somewhat less restrictive than the Kyoto Protocol, it
would impose a one-size-fits-all domestic architecture on participating
nations. Gaining broad international support for such a system would
be a daunting task, especially in light of the range of policy preferences
already manifest by Annex I nations. A second issue involves the allo-
cation of permits. Given the political difficulties associated with allo-
cating annual permits, e.g., in the European Union, one can only
imagine the problems associated with allocating perpetual permits.
Third, there are concerns about both the fairness and efficiency of
grandfathering as the sole mechanism for permit allocation. Fourth,
there are serious questions about the ability of the system to respond
to new scientific information. Finally, it is unclear whether McKibbin
and Wilcoxen’s approach to developing nations is workable.

Notwithstanding William Pizer’s observation (Chapter 7 of this
volume) that current permit prices are clustered in the relatively
narrow range of $10–25 per ton of CO2, the variety of domestic policy
designs currently in use or planned suggests considerable disagreement
among nations about the preferred approaches for domestic policies.
The European Union has embraced a fixed cap-and-trade system on
heavy industry (including electric generators), involving about one-half
of total CO2 emissions. Japan has considered a modest carbon tax but

214 Richard D. Morgenstern



rejected it in favor of a voluntary program for large firms combined
with efficiency standards and aggressive use of the Clean Development
Mechanism. Canada initially announced a cap-and-trade program on
heavy industry (including electric generators), based on intensity
targets and including a safety valve. However, in March 2006, the
newly elected government indicated its intention to step back from this
approach (details are not yet available). In New Zealand, a modest
carbon tax is apparently the policy of choice, although a number of
large exemptions have been proposed, including for energy-intensive
industries and major segments of the agricultural sector.

With such a wide array of designs, the prospects do not seem bright
for the adoption of a common domestic policy framework along the lines
of McKibbin and Wilcoxen. Not surprisingly, each country seems to
have crafted its domestic policies to meet it own national circumstances
and needs. While it might be plausible to integrate the Canadian cap-
and-trade with a safety valve and the New Zealand carbon tax
approaches, the EU fixed cap system reflects quite a different philosophy.
Japan has yet to embrace a transparent market-based system of any kind.

A subsidiary issue involves the sectoral coverage of each of the
national systems. Among the individual EU nations, there are small dif-
ferences in coverage. Among all Annex I countries, the differences are
more pronounced. Thus, even though they reject new, top-down inter-
national agreements, McKibbin and Wilcoxen must first persuade a
number of major nations to alter the arrangements currently established
within their own borders. While this may not be an insurmountable
task, it is not trivial either, especially in the near term.

A second concern with the McKibbin–Wilcoxen approach involves
allowance allocation, especially for the long-lived permits. In the United
States, the allocation of annual SO2 and other non-carbon allowances
has often proven to be quite contentious. For carbon, the situation is
likely to be more difficult. Reportedly, serious conflicts arose in the EU
ETS. Recent Senate hearings on the Bingaman–Domenici proposal
highlight the diversity of views on the appropriate allocation in the
United States. Powerful interests, including energy producers, large
industrial users, consumer groups, and others are lining up to fight for
these potentially valuable assets. Imagine if the stakes were raised to
include the allocation of perpetual permits where the present value of
the allowances was ten to fifteen times greater. McKibbin and Wilcoxen
are completely silent on this point.
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A third issue concerns both the fairness and efficiency of the
McKibbin–Wilcoxen architecture. Grandfathering perpetual permits
worth tens or hundreds of billions of dollars clearly raises equity con-
cerns among individual consumers, and across industries and regions.
New (industrial) entrants face special problems. As is well known,
many public goods, including radio spectrum, are not freely allocated
in the United States or in other developed nations. At the same time, as
demonstrated by Burtraw et al. (2002), there are efficiency gains from
auctioning rather than freely allocating permits. Inherent in the
McKibbin–Wilcoxen argument, however, is the need to create a con-
stituency that does not have to pay for its emissions, either now or in
the future. This dependence on grandfathering seems inconsistent with
the long-term goal of achieving greater fairness and efficiency via auc-
tioning of permits. This point has also been emphasized by Kopp et al.
(1999).

A fourth issue concerns the implications for changing the long-term
target in response to new scientific or economic information. Imagine
a situation where new scientific or economic analysis suggests that
further tightening of the long-term targets is appropriate. Under the
McKibbin–Wilcoxen approach this could only be accomplished by
having national governments purchase perpetual permits in the open
market. Yet, as Jorgenson and Yun (2001) have demonstrated, the
burden to the economy of raising taxes in excess of the additional tax
revenue collected is of the order of 27 cents per dollar of extra tax
revenue raised (based on the 1996 tax law). Thus, to finance the pur-
chase of these perpetual permits, the nation would bear a considerable
cost beyond the funds actually paid to the permit holders. Combined
with the political difficulty of raising taxes in most nations, this creates
a strong disincentive – despite the lobbying efforts of the existing
permit holders – to increase stringency of the policies in response to
new scientific or economic information.

The converse situation may also be problematic. Imagine that new
scientific or economic information suggested that loosening rather than
tightening was the appropriate policy. In that case, the Jorgenson and
Yun analysis would support the sale of additional permits and use of
the proceeds to reduce existing taxes. The average citizen, if convinced
of the scientific merits of the case, presumably would also favor the tax
cuts. But in this instance the owners of existing permits would tend to
resist what economists would see as a welfare-enhancing decision.
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Thus, the McKibbin–Wilcoxen approach may alter but it would not
eliminate the inherent conflicts between governments and their con-
stituents.

A final issue concerns the application of the McKibbin–Wilcoxen
approach to developing nations. Under their proposal, developing coun-
tries would be expected (eventually) to establish a hybrid permit system
of the type proposed for developed nations and coordinate permit
prices internationally. Since this is the only means available under the
McKibbin–Wilcoxen approach to equalize marginal abatement costs
across nations, it is essential to achieving cost-effective reductions on a
global scale. But what happens if some nations, most likely developing
countries, are unable or unwilling to establish the necessary institutional
structures to support a McKibbin–Wilcoxen type system? Although there
are some limited exceptions, the evidence so far indicates that develop-
ing nations have generally been quite slow to embrace market-oriented
approaches for environmental protection. The Clean Development
Mechanism, which involves carrots but no sticks, is not really a relevant
precedent for a hybrid trading system. In the future, with greater market
reforms, it is possible that hybrid-type trading systems would become
viable in significant parts of the developing world. In the near term,
however, the institutional arrangements in many of these nations could
not support such an approach. Ironically, if the institutional structure
needed to implement a hybrid system was interpreted to be a threshold
for the adoption of meaningful commitments in the developing world,
the McKibbin–Wilcoxen mechanism might actually hinder near-term
progress on softer, less-demanding mitigation measures.

Conclusions

McKibbin and Wilcoxen correctly identify the need for long-term
incentives to accelerate the development and adoption of new tech-
nologies in the context of a widely accepted international agreement.
Overall, however, despite the elegance of their approach, there are
many impediments to wrapping the diverse national approaches now
in operation or planned into a coordinated, one-size-fits-all national
system – even one with flexible timing of entry and without interna-
tional trading. As noted, there are also concerns about the fairness and
adaptability of their proposed system, as well as its efficiency. In many
developing nations, the proposal simply may be a non-starter.
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A more pragmatic approach would try to build on existing efforts in
a bottom-up fashion, reflecting national circumstances and needs – à
la Kopp et al. (2004). Toward that end, the international community
might step back from either a top-down Kyoto or McKibbin–Wilcoxen
type approach and seek, instead, to encourage meaningful action by
individual nations without an overly rigid structure. Thus, emission
trading (with or without a safety valve), carbon taxes, regulatory
approaches, and even voluntary programs could all be considered
acceptable approaches, at least for now. For poorer countries, more
development-friendly options are clearly in order.

The prospects for future international progress would certainly be
enhanced if one could point to genuine success in the United States or
other large nation with relatively high rates of GDP growth. Even
though international negotiations on climate change have been under
way for almost two decades, to date no major nation has yet demon-
strated a viable domestic architecture suitable for achieving large-scale
emission reductions and none, except for special cases like the United
Kingdom, which experienced large changes in its resource base, or
Germany, which benefited from economic restructuring, has made sub-
stantial progress in actually reducing its emissions. We need to walk
before we run.

Although my intention is not to endorse a specific option, I would
make the case for a more flexible, bottom-up alternative to either a
Kyoto-style agreement or the McKibbin–Wilcoxen approach. As
Bodansky (2004) and others have noted, the literature on such options
is substantial and it is growing. What these alternatives share is the def-
erence they give to national circumstances, especially at the early stages
of the process.

The key to success for any international system is to establish a cred-
ible evaluation process which encourages institutional learning at the
scale of the nation-state. Such a process should include specific
performance metrics involving transparent, internationally acceptable,
measures of effort and/or actual environmental outcomes. In the
context of a formal international process to review the progress made
by individual nations, these metrics would provide feedback to indi-
vidual countries on their own progress and, simultaneously, serve as a
prod to further action.

Over time, once nations have gained experience with their own poli-
cies and have had the opportunity to compare their experiences with
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others, the system would certainly evolve. Strong leadership by one or
more large nations would certainly accelerate the process. While some
may criticize the lack of elegance or speed of the walk-before-you-run
approach, in my view it is the only realistic way forward.
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5.2 Using the development agenda to
build climate mitigation support

jonathan pershing

McKibbin and Wilcoxen, in their “A Credible Foundation for
Long-Term International Cooperation on Climate Change,” have
articulated a powerful argument for a new structure for climate miti-
gation efforts.

In particular, they highlight the importance of two elements for
success:
(1) the long-term nature of the problem – and thus, the requirement

for long-term solutions. Solutions that are implemented erratically,
with varying levels of stringency over time, and with periods of
non-enforcement will not likely yield success.

(2) The requirement that any regime be built around national systems
for compliance and enforcement, not predicated on what may
likely be weak international systems where there is no guarantee
for comparability of rigor and action.

There is no question that both elements are indeed central to any suc-
cessful climate mitigation solution. However, it behooves us to look
closely at some of the implications of the McKibbin–Wilcoxen analy-
sis before committing to the path they suggest.

Political buy-in: a critical element?

There is no question that climate change itself is a long-term phenom-
enon, and that mitigation efforts are therefore likely to be needed over
a period of many decades. McKibbin and Wilcoxen argue that the
political will to enact such long-term policies can best be achieved
through allocation of property rights (in the form of long-term or “per-
petual” emission permits); holders of such permits, in order to main-
tain their value, will support continued government action on climate
change. The greater the stringency of the government’s intervention,
the greater the value of the permit – and hence the greater the incen-
tive for the permit holder to support policies.
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This argument is built on a number of assumptions:
(1) An emission trading regime is an effective mechanism to address

climate change (hence, allocating and allowing trade in permits is
a legitimate part of a successful solution);

(2) Holders of permits will be supportive of stringent policies – as such
policies will enhance the value of their assets; and

(3) It is possible to determine an allocation that is large enough to
ensure political support, but still small enough to assure that
appropriate levels of climate mitigation are achieved.

With respect to the first, analyses by multiple authors suggest that
a cap-and-trade emission trading program is indeed an effective
approach to addressing climate change. However, these same analyses
suggest that not all sectors are necessarily amenable to a cap-and-trade
approach. Thus, while the power sector and heavy industry may be
well served through such a regime, residential and commercial space,
forestry and agriculture may not be. At the global level, emissions of
the six major greenhouse gases from electricity and heat, industry, and
fugitive emissions (those usually thought best suited to a trading
regime) account for less than 45 percent of total emissions (see World
Resources Institute Climate Analysis Indicators Tool, WRI/CAIT, a
database with information culled from more than a dozen different
sources covering greenhouse gas emissions and other climate change
relevant indicators from 175 countries around the world). While trad-
able permit programs have been suggested for transport (which would
bring another nearly 14 percent of total emissions into a system), few
analysts think significant emission reductions in the transport sector
are likely unless permit prices climb quite high. Furthermore, while a
number of suggestions have been offered as to how to incorporate
the transport sector into the cap-and-trade regime, no program has
yet applied any of these models. Of course, this does not inherently
obviate the potential advantages of employing an emission trading
program for the sector (after all, the very nature of a trading regime
allows any actor to purchase emission reductions from the least-cost
seller – and transport sector participants in the market would thus
not be required to implement costly reductions internally but could
take advantage of lower-cost options elsewhere). Notwithstanding
the economic argument, a political one may still hold: there may be
strenuous resistance against a regime that serves only as a transfer
mechanism from one sector to another. Given the limited options
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for low-cost reductions within the sector, individual drivers are likely
to see the permits passed through as increases in vehicle or fuel
prices, making the trading approach very like a tax. While a similar
pass-through may also occur in other sectors (e.g., electricity), low-
cost emission reduction opportunities within other sectors may lead
to a lower-level pass-through than in the case of transport.1

This conclusion has implications for whether the allocation can
be large enough to attract political buy-in. If we begin with the
Intergovernmental Panel on Climate Change (IPCC) contention that
emissions must be reduced by 60 to 80 percent2 from current levels in
order to stabilize global GHG concentrations, we have an initial
boundary condition for permit allocations: conservatively, no more
than 20 percent of total current emission levels can be allowed over the
long term. However, using the analysis above (suggesting that a permit
system might only be applicable for about a half of total emissions), it
may only be permissible to allocate permits amounting to about 10
percent of current national emissions. Even a 10 percent figure may be
too high: as McKibbin and Wilcoxen note, emissions are not currently
distributed evenly across countries, and even less so on a per capita
basis (on a per capita basis, developing countries emit only about one-
third the total of developed countries, see WRI/CAIT). Correcting for
inequities between developed and developing countries, and seeking to
move toward convergence on per capita emissions, a rough estimate
suggests that about two-thirds of the allowable long-term emissions
should go to developing countries, and only one-third to developed
countries. Doing so would thus allow for long-term permits to be
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11 The author is indebted to Rob Stavins and Joe Aldy for pointing out that a cap-
and-trade system looks very like a tax to end-use energy consumers across the
economy, not just in transportation. They in particular note that this consumer-
felt price increase has been problematic in electricity and heating, especially
given the run-up in electricity, natural gas, and heating oil prices over the past
year, and suggest (in the author’s view accurately) that some of the opposition
to the EU ETS over the past year, especially when permit prices exceed 30
euros/ton, reflected the surprise among consumers that their electricity prices
moved with the carbon permit prices.

12 It might be noted that while this level of reduction is required to meet any level
of stabilization between 400 and 700 ppm, the timing will vary depending on
the final desired concentration. According to the IPCC Third Assessment Report,
global peaking and subsequent declines in greenhouse gas emissions will need to
occur by about 2015 if we wish to limit concentrations to 450 ppm, by 2030 if
limits of 550 are set and 2045 if limits of 650 are to be allowed.



issued only in the amount of about 3–4 percent of current national
emissions for developed nations. It is not clear whether allocating such
a limited quantity of permits would generate the kind of political
support McKibbin and Wilcoxen seek.

If a larger portion of permits were to be allocated, it is not clear that
the total reductions sought would be achieved. Similarly, if a higher
proportion of permits were allocated to developed nation emitters,
developing countries, citing equity concerns, may be difficult to bring
into the system. In any event, the allocation levels are likely to be sub-
stantially below the “90 percent of 1990 carbon emissions” level sug-
gested by McKibbin and Wilcoxen.3

One solution proposed by McKibbin and Wilcoxen for this problem
is that the allocation of very long-term property rights be limited – they
suggest variously twenty, forty, or seventy-five years. While this may
theoretically alleviate the problem, there are potential conflicts. The
timetable for long-term reductions has been discussed in a number of
recent meetings and papers (see, for example, the UK government-
sponsored meeting in Exeter in 2005, “Avoiding Dangerous Climate
Change”). Building on a variety of statistical and scientific analyses,
both governments and individual researchers have argued that achiev-
ing stabilization at levels that are not dangerous requires temperature
increases to be held below 2°C – and hence, that concentrations be
limited to no more than 450 ppm (e.g., according to Meinshausen
2005, at 450 ppm, there is only a 50 percent chance that temperatures
will be held below 2°C ). Modeling work suggests that to do so will
require global reduction of between 30 and 50 percent below current
levels by 2050 – less than forty-five years out.4 Thus, the McKibbin–
Wilcoxen proposal for expiry dates would fit – but would require the
preponderance of permits to expire in the relatively nearer term – or,
alternatively, that a higher proportion of the allocations be in the form
of annual permits.
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tions that the intent is to meet the Kyoto targets. However, virtually all analysis
is clear on this: meeting Kyoto level targets will have at best a very limited effect
on global emissions, and virtually none on changing the long-term concentra-
tions required to solve the climate change problem.

14 The reader should note that there is no inconsistency between a reduction of 50
percent by 2050 and a long term need for 60–80 percent reductions;
Meinshausen (and other undertaking similar modeling work) assumes emissions
continue to decline after 2050 to meet targeted stabilizations levels. 



As allowances are fully transferable, initial allocations in an emis-
sion trading system do not affect the marginal cost of abatement.
However, this does not obviate the political issue of allocation.
McKibbin and Wilcoxen argue that political expediency dictates that
allocation of permits be based on historical emissions: those who have
emitted significant quantities in the past should be given allowances to
continue to do so. Even in the case of allocations of annual permits,
this may be unacceptable – but if permits are allocated in perpetuity,
this may sit even less well with the public.

Currently (due to factors well beyond climate policy), electricity
prices are rising rapidly. Allocating additional (and permanent) enti-
tlements to companies already collecting record profits may be a diffi-
cult political choice. A similar objection may be directed at the oil and
gas sector: US efforts to increase subsidies for oil and gas production
have been faced with increasing opposition. While this objection may
be relevant to any form of allocation for emission permits, it is exac-
erbated when those permits are assigned in perpetuity.

Another aspect of concern on permanent allocations is that those to
whom permits are given may not, over the longer term, need them for
compliance. For example, if permits are allocated to the power sector,
but over the next fifty years, power production becomes GHG-neutral,
power companies will hold an asset and reap rewards from an entitle-
ment with historic but no ongoing rationale. While McKibbin and
Wilcoxen rely on the value of such long-term holdings to generate
political pressure, it is precisely in such cases that government may
choose to renege on its early commitments.

This would not be without precedent: there are many cases of the
government providing property rights which they later take away.
Examples of takings of physical property are not uncommon. Tax
incentives and benefits are even more frequently given and removed.
Given that no session of Congress can pass a law that another cannot
revise, the certainty of “permanence” may be somewhat fragile. It is
not clear what kind of discount rate a holder of a theoretically per-
manent permit would apply to a holding, but it is clearly higher than
zero. Furthermore, in determining the political value of maintaining
the permit, holders would also need to calculate the cost of engaging
in the political debate to retain their rights – a cost that may not
be easily passed on to consumers of the emissions generated by their
permits.
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Creating a GHG market: problems with price caps

The system suggested by McKibbin and Wilcoxen is not limited to a
long-term element; it also includes, for the remainder of the annual
obligation, a short-term component. McKibbin and Wilcoxen assume
that “annual” permits would be sold by the government at a fixed
price; they suggest, initially, a price of $20 per ton of carbon. If emis-
sion reductions cost more than $20 per ton of carbon, permit sales
would perform as taxes (the permit price acts as a cap on costs); if
reduction costs were lower, they would provide investor certainty that
compliance costs would not rise.

A number of concerns have been raised with regard to the barriers
and consequences of government seeking to set and maintain market
prices. We do have some experience with such efforts: local electricity
markets, where government or quasi-government public utility com-
missions set prices, or internationally, with OPEC price bands. In both
cases, there have been huge complaints. In the electricity case, public
utility commissions have been accused variously of bowing to pressure
from power producers (who argue they need high prices to allow for
investment in new production), or from the public (which always
prefers low prices whether or not these provide an adequate return on
investment). In the international oil price case, when lifting costs are
less than $10 per barrel of oil, OPEC price setting is largely about rent
transfers – and many governments find it an unacceptable basis for
international relations.

Essentially, picking a price is (albeit in a less constrained way) a
variant of picking a specific technology – and governments have been
historically poor at picking specific technologies to solve problems.
Technologies that may today have a price higher than the cap are
less likely to be developed. If instead the desirable emission level is
picked and price not specified, companies have a considerably greater
incentive to seek least-cost near- and long-term compliance opportuni-
ties rather than working only on options that are below the price cap
level.

Another rationale for supporting price caps is that political objec-
tions to high prices could lead to efforts to dismantle the entire system.
To date, we have a rather mixed record. For example, Figure 5.2.1
shows the prices of the US NOX trading program. In its early history,
prices spiked at nearly $7,000 per ton, nearly five times the longer-term
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average costs. Yet, the program was not halted – and in fact, invest-
ments continued and the overall environmental effectiveness of the
program was very high: emissions were well below allocated amounts
in all years of the program (see Aulisi et al. 2005).5

A similar example in emission trading under the European Emission
Trading Scheme (EU ETS) suggests that a price cap may not be a neces-
sary component. Prices in the EU market rose steadily over the first
year of operation (from under €20 to nearly €30 before falling sharply
to their mid-2006 levels of about €15/ton (see Figure 5.2.2). A number
of rationales for the price collapse have been offered, including efforts
at market manipulation, inadequacy of reporting, and expectations
that the market would be short. However, had a price cap been set and
had the government issued additional permits once the cap had been
breached, it seems likely that an even greater price collapse would have
been observed as oversupply would have left little if any reduction
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15 The author is indebted to Joe Aldy and Rob Stavins for noting a different NOX
case as a contrast: California’s South Coast Air Quality Management District’s
Regional Clean Air Incentive Market (RECLAIM). In this case, emissions caps
were not entirely met, and companies paid a non-compliance penalty. This may
have had an effect similar to that of a price cap – although some authors (see for
example, Kolstad and Wolak 2003) argue that the entire price spike was the
result of an effort by power generators to manipulate their market control over
electricity prices.
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requirement for firms with allocations. With demand near zero, prices
would have been extremely low and would have generated little if any
incentive for changes in performance.

The European market offers another lesson: one related to political
support for the system. During the course of the negotiations on permit
allocations, some of the most vocal opposition came from the electric-
ity utilities, which argued for generous allocations in order to limit the
emission reductions they would need to make. When allocations were
made, in many cases these same companies benefited from the asset
value they received, incorporating them into their corporate valuations.
As long as ETS permit prices were rising, so did corporate value – but
as prices began to fall, these same companies again petitioned for
redress, claiming the entire emission trading system had been misman-
aged. This appears to be leading, in many cases, to a weakening of the
EU ETS regime in its second period – quite the opposite effect to that
suggested to occur by McKibbin and Wilcoxen.

Conversely, the deregulation of the California energy market led to
a significant spike in prices (a function of poor market design, price
gouging by monopolistic producers, and scarcity of generation capac-
ity), and a re-regulation by the California public utility commission
following not only numerous blackouts but essentially a voter uprising
leading to a change in government (see Bushnell 2003). However,
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even in this case it is not clear that a price cap would have led to a
fundamentally different outcome: the utilities argued that the design
constraints made it impossible for them to invest in new capacity – and
a price cap may not have fixed this problem.

Perhaps the most problematic aspect of establishing price caps is that
they constrain the cost of compliance by voiding the environmental
outcome desired. Given the relatively limited literature on the costs of
climate change, it is difficult to make an assessment of how much we
“should” pay for emission reductions. Mid-range estimates using IPCC
projections suggest global GDP losses from climate change of several
percent (for a new computational analysis showing an impact of up to
3 percent see Nordhaus 2006); more optimistic numbers suggest that at
a low level of impact, small benefits might even accrue in certain coun-
tries (e.g., see Jorgenson et al. 2004). However, these analyses do not
take into account abrupt change and acknowledge that uncertainties
around adaptive capacity are critical factors. Consequences for the
United States, with high capacity, may be much more limited than those
globally – and certainly are likely to be lower than those in developing
countries.

Given that a significant share of climate change will be locked in
over the next few decades, it is difficult to judge how high (or low) an
initial cap price should be. Technology optimists suggest that very low
prices (and hence low cap levels) might drive adequate change over
long time periods, although most acknowledge they will provide little
change in the near term. Conversely, higher prices or caps would yield
greater near-term reductions but are likely to be politically unpalat-
able. With the difficulty of establishing precise cost information, the
debate is likely to be politically charged. In this context, it seems likely
that the relative greater level of political power of those objecting to
any price, much less a high price, will win the debate. Thus, we are
likely to emerge with low prices, and concomitantly relatively limited
action being undertaken. Conversely, if environmental benefits rather
than costs were the basis for debate, a different constituency may
be brought to the table, likely leading to more-aggressive near-term
efforts.

There is one final issue that must be incorporated into any system
design: negotiating complexity. While, as discussed above, there are
both merits and disadvantages to the use of both long-term property
rights and short-term permits when taken individually, together they
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pose a significant additional problem: they require the negotiation of a
rather complex system. Given the political difficulties inherent in
complex negotiations, combining them may prove an overwhelming
obstacle.

Political buy-in must be found not only for a permit system (cur-
rently attracting rather limited support in the developing world), but
also for what looks very much like a tax – to which, historically, there
has been even stronger opposition. Up to the point of the final alloca-
tion, those who might be expected to support the regime (i.e., compa-
nies being given permanent rights) cannot be guaranteed those permits
and thus are likely to be lukewarm to the idea. Conversely, as with any
permit or tax system, those expecting to need to pay for permits are
likely to oppose action. In this sense, the system, while possibly gener-
ating long-term support once implemented, faces some of the same
problems of any new regime at the point of origination.

Limiting international trade: an inefficient approach

McKibbin and Wilcoxen argue that, for reasons of maintaining robust-
ness and integrity in their permits, trade between countries should be
prohibited. This, they rightly argue, would have the benefit of elimi-
nating a possibly costly requirement for an international system of
compliance and regulatory oversight. They also suggest it would also
prevent market dynamics in one country from affecting the markets in
other countries. Instead, they argue that the international agreement
should focus on establishing the price for annual permits.

However, this approach seems to gloss over several important con-
cerns. While McKibbin and Wilcoxen note that such a system would
be difficult to negotiate, they assume that it could quite readily be done.
This does not seem plausible. It is interesting to note, however, that
an approach calling for globally harmonized taxes was proposed
during the climate change negotiations and failed to garner support
even from within the coalition suggesting it (in this case, the European
Community).

The rationale behind the failure to adopt such a system may equally
apply in this case. Countries are not persuaded that they should
all pay the same price for emission allowances. Some, including
most developing countries, believe that they should have no obliga-
tion, as they were not responsible for the current problem. For them,
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any price is too high. Others, seeking to use prices to force technology
development, believe too low a price will fail to generate an accept-
able outcome. The result is more likely to be an impasse than an
agreement.

McKibbin and Wilcoxen suggest that one solution to this is to assign
more permits to developing than to developed countries. However, as
suggested above, there may not be that many permits to allocate, and
providing more to developing countries means fewer in the developed
world if stringent emission reductions are to be achieved (and conse-
quently lower levels of political support).

Initial participation in a price-setting regime could also be problem-
atic. Presumably, the initial discussion would occur between countries
prepared to act. Thus, additional countries could only accede by adopt-
ing the already agreed price. In many cases, it might be supposed that
countries would only choose to join in a second or third round – at
which point prices are likely to have risen above initial levels (other-
wise, emissions would not be reduced). In such a case, new entrants
would be faced with a considerable hurdle; the analog is one where the
carbon cost, instead of steadily ratcheting up, were to be imposed at
the highest level in the first instance. Under such circumstances, it may
be impossible for new accession (and relatively poorer) countries to
participate.

Finally, the idea of an autarchic approach is not likely to be a least-
cost solution. McKibbin and Wilcoxen suggest that differences in
national efficiencies are small. This clearly is not true. According to
GHG and economic statistics (see WRI/CAIT), the GHG intensity of
economies varies by a factor of at least three. Such differences – likely
substantially greater when it is individual companies that are consid-
ered – are certain to make trading much less efficient if limited to a
single country than if it were open to global markets.

This suggests that the system envisaged by McKibbin and Wilcoxen
is not likely to be implemented, or if implemented is likely to be
ignored. One possible outcome is that it could lead to trade distortions
as some countries seek to compensate for differences in costs imposed
by permit prices. This, in turn, could lead to tariff and non-tariff
barriers to trade as competitiveness was affected. Alternatively, it
could lead to increased levels of corporate relocation, as well as to
accounting manipulation to manage corporate accounts across
borders.
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An alternative suggestion

McKibbin and Wilcoxen offer critical insights into the demands placed
on a new system. The need to affect long-term change in policy does
require creating supportive constituencies. However, they perhaps
overemphasize this point at the expense of ignoring other critical prob-
lems facing the development of a new climate regime. These include the
lack of political will to negotiate, the need to broaden participation to
include developing countries (and the United States), and the require-
ment to make fundamental changes in the structure of economies if the
scale of emission reductions (60–80 percent) is to be achieved.

It is clear that no single solution is likely to be adequate to address-
ing all of these barriers. Rather, it is likely that a hybrid, employing
multiple elements will be used, and that the choice of the elements will
differ from country to country.

However, if we look for synergies between the barriers suggested by
McKibbin and Wilcoxen (the need for sustained long-term buy-in),
and those on developing country engagement, there may be a different
approach that offers promise: that of “sustainable development
policies and measures” (SD-PAMs). First identified by Winkler et al.
(2002), and elaborated by Bradley and Baumert (2005), this approach
seeks to promote specific development approaches that are compatible
with GHG reductions. Thus, for example, it looks at issues such as pro-
viding electricity to the rural poor – a matter that garners considerable
public support – and examines options for electrification that incorpo-
rate low or zero-emitting forms of energy. It looks at energy security
(particularly relevant to the modern world economy as oil prices soar)
and considers options expanding public transport, or for development
of biofuels. Essentially, it incorporates climate mitigation measures
into development priorities that are of enormous import already. Such
an approach – more simply than that of McKibbin and Wilcoxen’s per-
manent allocations – addresses the issue of constituencies and political
buy-in and, as all SD-PAMs inherently have long-term value, creates
incentives for similarly long-term policy support. This approach also
has the merit of engaging developing countries: in international climate
change negotiations over the past decade and more, this bloc has stated
that development issues are their first priorities.

There may be some synergies with the McKibbin–Wilcoxen approach
and that of SD-PAMs. In particular, capital costs are a critical issue in
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the SD-PAMs debate – and a trading regime in which governments
auction permits may provide some of the revenues required. Such rev-
enues could be derived from any auctioned permit system – and need
not be tied to one with permanent property rights. Revenues could
also be derived (although perhaps in smaller amounts) from project-
based offsets (currently not discussed in the McKibbin–Wilcoxen pro-
posal) that could be attached to any tradable permit system (and
currently used both in the EU ETS as well as in the Kyoto Protocol
framework).

Ultimately, new designs for international agreements must accurately
identify the questions they seek to resolve. In the McKibbin–Wilcoxen
proposal, the focus is on the long-term need for consistency and conti-
nuity in program implementation. While other issues are clearly of
equal (or greater) concern in the near term, McKibbin and Wilcoxen’s
proposal does open the door to different ideas. As such, it usefully
pushes us to think about options that build long-term engagement
rather than only developing a policy that lasts a few years before
collapsing for lack of political buy-in.

References

Aulisi, Andrew, A. Farrell, J. Pershing, and S. Vandeveer (2005). Greenhouse
Gas Emissions Trading in US States: Observations and Lessons from the
OTC NOX Budget Program. Washington, DC: World Resources Institute.

Bradley, R., and Baumert, K., (eds.) (2005). Growing in the Greenhouse:
Protecting the Climate by Putting Development First. Washington, DC:
World Resources Institute.

Bushnell, James (2003). California’s Electricity Crisis: A Market Apart?
Center for the Study of Energy Markets (CSEM) Working Paper 119,
Berkeley, University of California Energy Institute.

Jorgenson, D. W., R. Goettle, B. Hurd, and J. Smith (2004). US Market
Consequences of Global Climate Change. Pew Center on Global
Climate Change, Arlington, VA. Available at www.pewclimate.org/.

Kolstad, J., and F. A. Wolak (2003). Using Environmental Emissions
Permit Prices to Raise Electricity Prices: Evidence from the California
Electricity Market. Center for the Study of Energy Markets
(CSEM) Working Paper 113, Berkeley, University of California Energy
Institute.

Meinshausen, M. (2005). On the Risk of Overshooting 2°C. UK
Conference on Avoiding Dangerous Climate Change, February 1–3, 2005.
Available at www.stabilisation2005.com/14_Malte_ Meinshausen.pdf.

232 Jonathan Pershing



Nordhaus, William D. (2006). “Geography and Macroeconomics: New
Data and New Findings,” Proceedings of the National Academy of
Sciences 103(10): 3510–3517.

Winkler, H., R. Spalding-Fecher, S. Mwakasonda, and O. Davidson (2002).
“Building on the Kyoto Protocol: Options for protecting the climate,”
in K. Baumert, O. Blanchard, S. Llosa, and J. F. Perkhaus (eds.),
Sustainable Development Policies and Measures: Starting from
Development to Tackle Climate Change, Washington, DC: World
Resources Institute, pp. 61–87.

World Resources Institute (2006). Climate Analysis Indicators Tool
(CAIT), Washington, DC: World Resources Institute. Available at
www.cait.wri.org/.

Using the development agenda 233





part i i i
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6 A multitrack climate treaty
system
scott barrett

Introduction

The global regime for climate change consists of two agreements,
the United Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol, neither of which adequately

addresses the real challenge. Certainly, neither agreement has had much
effect so far. Atmospheric concentrations of carbon dioxide have
increased every year since the UNFCCC was negotiated in 1992. The
trend did not change after the Kyoto Protocol was negotiated in 1997.
Although Kyoto is still some way from being implemented, its short-
comings are already apparent. A new approach is needed.

In this paper I sketch out an alternative treaty system – a new “archi-
tecture,” in the language of this book. Taking the objective to be sus-
tainable development that reduces climate change risk, this new system
consists of four parts: first, protocols that promote research and devel-
opment (R & D) into new energy, air capture, and geoengineering
technologies; second, protocols that encourage the development and
diffusion of new mitigation technologies emerging from this R & D;
third, cooperation in financing investments that will make the poorest
countries less vulnerable to climate change (an example being invest-
ments that reduce malaria prevalence or that improve malaria treat-
ment); and, fourth, agreements on the deployment of geoengineering
technologies, particularly in response to the first warning signs of
abrupt or catastrophic climate change.

This is a fundamentally different approach, and to understand the
reason for it, it is best to begin by outlining the limitations of the
current treaty arrangement.
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Problems with the current regime

The UNFCCC has all the appearances of an effective treaty. It has 188
parties (the only non-parties are Andorra, Brunei, Holy See, Iraq, and
Somalia) and it aims to achieve something of seemingly undeniable
value – to stabilize “greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference
with the climate system.” So, what is wrong with this agreement?
There are three problems.

First, the goal implies a discontinuity, with concentrations above
some critical level being “dangerous,” and concentrations below it
(presumably) being “safe.” Although abrupt climate change is possi-
ble, we do not know the critical concentration level(s) that would
trigger it (because the climate follows concentrations with a lag, even
the current level of concentrations could prove to be “dangerous”),
and we cannot simply choose a “conservative” level arbitrarily (by
appealing, for example, to the “precautionary principle”), because to
meet that would entail costs having other consequences and require
actions that would introduce different kinds of dangers (for example,
it is inconceivable that emissions could be reduced substantially in the
medium term without a major shift towards nuclear power worldwide,
raising problems for waste disposal and proliferation).

Let me be more specific. The European Union has set the goal of lim-
iting climate change to 2°C, and to meet this has recommended a con-
centrations goal of 550 ppm (parts per million). However, climate
sensitivity means that, at 550 ppm, mean global temperature could rise
from 1.5° to 4.5°C. Put differently, the 2°C goal could with some con-
fidence be met by limiting concentrations to between 380 and 700 ppm
(Caldeira, Jain, and Hoffert 2003: 2052). The midpoint of this range
is approximately 550 ppm. But why choose the midpoint? If it is
absolutely essential to limit climate change to 2�C, shouldn’t concen-
trations be limited to the current level, 380 ppm? One reason that pos-
sibility is not being contemplated may be that it would be virtually
impossible to achieve stabilization at this level, at least in the near term.
To do this would require not only a substantial cut in global emissions.
It would also require a huge effort to suck CO2 out of the air.

Moreover, it is not clear that a temperature change greater than 2°C
is “dangerous” or that a change less than 2°C is “safe.” O’Neill and
Oppenheimer (2002) have identified three discontinuous changes that
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should concern us: the destruction of large-scale coral reef ecosystems;
the disintegration of the West Antarctic Ice Sheet; and the collapse of
the thermohaline circulation that warms the air over western Europe.
They then suggest that all three changes can probably be avoided by
limiting long-term warming to 1°C; that the last two can probably be
avoided by limiting change to 2°C; and that the last one can probably
be avoided by limiting change to 3°C above 1990 global mean tem-
perature. Their analysis thus demonstrates that there are substantial
uncertainties, and that even the 2°C limit is unlikely to avoid at least
some abrupt change. But why then should this particular target be the
focus of attention? To sum up, while there may exist discontinuities in
the climate system, we do not know the temperature change, let alone
the concentration level, that would trigger these. Moreover, not all dis-
continuities are worth spending any amount of resources to avoid.

Here, in my view, is a better way to frame the problem: there is
reason to believe that climate change may be abrupt, and that the prob-
ability of triggering a threshold increases as mean global temperature
(and the concentration level that causes temperature to change) rises.
So a “premium” should be added to the damages associated with
“gradual” climate change – a premium that is positive today and that
increases as the concentration level increases. (Note the difference: a
discontinuity implies a zero premium for concentrations below the
threshold concentration level and an infinite premium above it.)
The magnitude of the premium should reflect climate change risk – the
probability of abrupt climate change occurring, and the expected
damage associated with that change (destruction of the coral reefs is to
be distinguished from disintegration of the West Antarctic Ice Sheet,
which would increase sea level by as much as five to six meters).

The second problem with the UNFCCC is that, even if a threshold
concentration level could be identified, how would it be met?
Presumably, global emissions would need to be restrained, to ensure
that the threshold was not breached. But the international system is not
well suited to limiting global emissions. Treaties can only enforce indi-
vidual obligations, not collective responsibilities.

Finally, a focus on concentrations ignores two other policies.
Climate change is almost certain to happen no matter what is done to
limit atmospheric concentrations, and so the world will need to adapt
to climate change. Focus on attainment of a global concentration level
does not address this need. Moreover, stabilization of concentrations
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is not the only way to limit climate change. It is also possible to engi-
neer climate stabilization. Indeed, geoengineering is the only interven-
tion that could prevent abrupt climate change after the warning signs
first appeared (because of lags in the climate system, the effects of mit-
igation are delayed). As I explain later in this paper, both of these poli-
cies need to be incorporated within a new climate treaty system.

The Kyoto Protocol was meant to be a first step towards achieving
the UNFCCC’s mitigation goal, but by design it will make little
difference. It aims to cap the emissions of 38 industrialized countries,
while imposing no limits on the world’s more than 150 other coun-
tries, including large, fast-growing countries like China and India.
Moreover, 13 of the 38 countries facing emission limits – all from
central and eastern Europe – face caps that far exceed their actual emis-
sions (the difference is popularly known as “hot air”). The emissions
of these countries are therefore unconstrained. Finally, of the countries
facing real limits, the largest, the United States, withdrew support for
the treaty, as did Australia. This means that Kyoto really only con-
strains the emissions of about 23 countries.

After the United States withdrew support for Kyoto, the emission
limits for Canada, Japan, and Russia were eased (by a technical rene-
gotiation that made a generous allowance for carbon “sinks”) to make
their ratification more attractive. In the end, Russia’s support was
needed to bring the treaty into force, but Russia only acceded to the
agreement after being given yet another carrot – the assurance that
Europe would endorse its accession to the World Trade Organization.
At around this same time, the rules for trading in emission entitlements
were liberated. While free trade in emission entitlements will reduce
compliance costs, it will also reduce the benefits of the treaty, because
countries with binding emission constraints can then comply by buying
“hot air,” reducing the overall volume of emission cuts. Indeed, if the
opportunities for trade are fully exploited, Kyoto may not reduce
global emissions at all (Buchner, Carraro, and Cersosimo, 2001).

If Kyoto fails in terms of breadth (country participation) and depth
(real emission cuts) it also fails in terms of time horizon. Kyoto limits
emissions only over the period 2008–2012. It therefore provides no
incentive for countries to make investments that will pay off (in terms
of emissions reductions) in the more distant future.

Compliance may prove another problem, as the example of Canada
illustrates. An official document of the Government of Canada (2005)
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says that Canada’s emissions in 2010 will be at least 45 percent above
the country’s (already relaxed) target. To reduce emissions by that
much, in a short period of time (by 2012), would be very costly – and
perhaps hard to justify, given that Canada’s big neighbor and main
trading partner was doing virtually nothing to limit its emissions.
Canada could still comply with the treaty, by purchasing “hot air.” But
that is likely to be politically difficult. Why should Canada pay Russia,
say, for its surplus allowances, just to comply with the agreement,
when doing so would have no environmental benefit? Finally, Article
18 of the agreement says that, “any procedures and mechanism . . .
entailing binding consequences shall be adopted by means of an
amendment to this Protocol.” As no such amendment has been agreed,
there is no serious penalty for noncompliance – and so little incentive
for Canada to shoulder a huge cost in the effort to comply. Making
matters worse, many of the other twenty-three parties subject to
binding emission limits are also in danger of missing their targets, some
by huge margins. Being the only country to fail to comply would be
awkward. Being one among a crowd would be very different. My guess
is that, as the prospects for full compliance appear less likely, attention
within the agreement will shift. Countries will focus less on their com-
pliance (particularly if the compliance of many parties is in jeopardy)
and more on whether they are acting responsibly, by taking actions that
are comparable with those taken by other parties.

As the implementation period nears, the broader picture is also likely
to come into view. Attention will shift to the emissions of the countries
unconstrained by Kyoto – like China, which is building a new coal-
fired power plant every week to ten days, and India, which is also
expanding coal consumption dramatically. Finally, the whole world
will be waiting to see if the United States is prepared to take a leader-
ship role. So far, it has not.

Attention has already begun to turn to the future. At the meetings
held in Montreal in late 2005, a two-track negotiation process was ini-
tiated, with the Kyoto parties now bound by emission ceilings pledg-
ing to negotiate new ceilings (presumably for the 2013–2017 period),
and with the parties to the UNFCCC (including the United States)
agreeing to hold a nonbinding “dialogue on long-term cooperative
action.” This “dialogue” (the United States refused to call it a “nego-
tiation”) is likely to be influenced by a new model for international
cooperation that is just beginning to take shape. The Asia-Pacific
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Partnership, consisting of China, India, Japan, and the Republic of
Korea (all parties to the Kyoto Protocol) and Australia and the United
States (non-parties), was established “to promote and create an
enabling environment for the development, diffusion, deployment and
transfer of existing and emerging cost-effective, cleaner technologies
and practices, through concrete and substantial cooperation so as to
achieve practical results.”1 It represents a fundamentally different
approach, focusing not on emission limits but on technologies. It offers
an alternative to Kyoto, and – though not intended for this purpose –
could attract the attentions of more countries disenchanted with emis-
sion caps (Canada has expressed an interest in joining). What this alter-
native model lacks is ambition and a strategy. As currently designed, it
is unlikely to make much of a difference. The proposal I develop later
in this paper also emphasizes the importance of technologies, but it
offers an alternative structure that could achieve much more. This
alternative could also embrace a modified version of Kyoto.

Overview of the real challenge

Leaving aside the existing arrangements, what should be done about
global climate change? Generically, the problem is not only to limit
concentrations; it is to reduce climate change risk: to make climate
change, especially abrupt and catastrophic climate change, less likely;
and to make the consequences of climate change less harmful. It is also
to recognize that the actions taken to mitigate or otherwise reduce
climate change entail costs and introduce new risks, and that what we
do about climate change cannot be separated from the broader needs
for sustainable development.

Achieving this goal will require four different kinds of intervention:
1. mitigation, including reductions in emissions from “business-as-

usual” and reductions in atmospheric concentrations by air capture
(that is, sequestration by biomass or other means);

2. R & D into technologies that can lower mitigation costs;
3. adaptation to climate change; and
4. geoengineering, or deliberate climate modification.
The existing climate change regime concentrates attention on miti-
gation. It addresses R & D timidly, and adaptation ineffectively. It
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completely ignores the possibility of engineering the climate. As it
stands, it is an incomplete model.

Mitigation

There are three ways to reduce emissions: by reducing gross domestic
product (GDP, an economic measure of output); by reducing the energy
intensity of GDP (conservation); and by reducing the emission intensity
of energy (fuel switching and carbon capture and storage). Reductions
in GDP, at least on a significant scale, will not be tolerated – certainly
not by the poorest countries. Indeed, GDP can be expected to rise sub-
stantially over time. The burden for reducing emissions must therefore
fall on the other two terms. This burden will only increase over time.

What is this burden? If the concern were with “gradual” climate
change, or abrupt and catastrophic climate change only with low prob-
ability and with global society having a fairly mild aversion toward
risk, then the burden, overall and for the present time, appears not to
be very great (Nordhaus and Boyer 2000; Pearce 2005). Under these
circumstances, economic analysis suggests that radical changes in the
near term are unwarranted; the current climate regime, though falling
short of the effort needed, would thus not fail us badly. Over time,
however, even from this perspective, much greater action will be
required than Kyoto demands at present.

Preventing abrupt or catastrophic climate change will require sub-
stantially more effort than that. As already mentioned, no one knows
whether any particular concentration level is especially “dangerous,”
let alone what this level may be (this is from an ex ante perspective; of
course, the actual consequences of climate change will be revealed to
us in time). Indeed, if the worst fears about climate change are proved
right, it may already be too late to avoid abrupt climate change over
the next century – at least by mitigation alone. Even stabilizing con-
centrations at levels much higher than 550 ppm will require a funda-
mental change in technology later this century. These technologies do
not now exist, even as pilot models (Hoffert et al. 2002).

Concentrations can also be reduced by technologies that capture
CO2 and sequester it somewhere – in trees, depleted oil and gas fields,
plankton, the oceans, or mineral carbonates. This approach has a
tremendous political economy advantage: it allows us to continue to
burn fossil fuels. Like the other options, however, it introduces new
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risks, including the risk of CO2, stored in, say, deep coal seams, being
suddenly released (a local risk), and the risks of CO2 stored in the deep
ocean changing ocean chemistry and being released slowly over time
(both global risks); see Parson and Keith (1998). To develop these tech-
nologies will also require substantial R & D (Hoffert et al. 2002).

R & D

As just mentioned, R & D is needed to lower the future costs of miti-
gation (and so to make mitigation more attractive in the future), and
to make very large reductions in concentrations feasible, without
undermining development (a capability that will be needed to pursue
ambitious mitigation goals, whether embraced today or in the future).
R & D should have been the centerpiece of the global climate regime,
but it is barely mentioned in either of the two climate treaties.

Of course, Kyoto was meant to stimulate R & D indirectly. If Kyoto
succeeded, it would have put a “shadow price” on emissions, and so
created a market for emission-saving technologies and an incentive for
these technologies to be developed and brought to the marketplace. But
so long as Kyoto fails to constrain emissions, this “pull” incentive for
R & D will have little strength; and the very short-term nature of this
agreement guarantees that Kyoto will not promote the scale of R & D
needed to change technologies fundamentally.

Like mitigation itself, the knowledge of how to reduce atmospheric
concentrations using new technologies is a global public good. It
requires basic research, knowledge that cannot be patented. Even if
Kyoto worked as intended, additional “push” measures would be
needed to promote R & D.

Adaptation

Adaptation does not reduce atmospheric concentrations. It does not
even reduce climate change; it reduces the effects of climate change.
Like mitigation, however, adaptation reduces climate change risk.

Most adaptation will be market-driven (the development of new
seed varieties that perform better in an altered climate being an
example). Some adaptation will involve local public goods (reinforce-
ment of the Thames Barrier protecting London from flooding). These
responses do not need to be addressed by a treaty.
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Poor countries, however, are a special case. They are especially vul-
nerable to climate change, mainly because they lack the resources,
institutions, and technologies that could shield them from climate
change. For these same reasons, they also are the least able to adapt to
climate change.

So, how should these countries be helped, by reducing climate change
or by making their economies and societies less vulnerable to climate
change? To take a concrete example, consider the possibility that climate
change might increase the range of both endemic and epidemic malaria.
To limit this risk, we could reduce atmospheric concentrations, so that
climate change – and the attendant change in malaria – deviated little
from the business-as-usual baseline over time. But we could also supply
bed nets, carry out more environmental controls, prevent resistance to
antimalarials, and invest in the research needed to develop a malaria
vaccine. The former approach would prevent malaria from getting a lot
worse than it already is because of climate change. The latter approach
would reduce malaria more generally (currently, about one to two
million children die every year of malaria). Which approach should we
choose? Of course, we need to do both. However, the resources spent
reducing greenhouse gas emissions cannot also be spent addressing the
malaria threat directly. As Thomas Schelling (2002) has reminded us,
choices have to be made. And they need to be made now. Sea walls can
be built after sea levels begin to rise, but the kind of adaptation needed
in the poorest countries requires sustained, long-term development.

Kyoto does establish an adaptation fund for developing countries,
but this is to be financed by taxing the so-called Clean Development
Mechanism (CDM), and the money raised by this means is entirely
unrelated to the need for adaptation assistance. As presently structured,
Kyoto fails to address this fundamental resource allocation problem.

Geoengineering

Geoengineering would not change atmospheric concentrations, but it
would change the climate, and so reduce climate change risk. For
example, aerosols might be blasted into the stratosphere to scatter
solar radiation back into space, counteracting the effect of rising
atmospheric concentrations.

The idea of deliberately altering the climate sounds bizarre upon a
first reading, but we are already doing this unwittingly. The aerosols
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released by burning coal have the same effect; the difference is that this
approach to geoengineering is inefficient (it would be better to put the
aerosols in the stratosphere, and possibly to use engineered particles)
and unintentional. Geoengineering is also not as unnatural as it may
seem. The eruption of Mount Pinatubo in the Philippines in 1991
injected huge quantities of SO2 into the stratosphere, lowering global
temperatures for several years. An analogy might also be helpful: to
counteract the effects of acid rain, ground limestone is routinely
added to Sweden’s pH-sensitive lakes and soils. Though only reduc-
tions in acidic emissions can prevent acid rain (just as only reductions
in greenhouse gas emissions can mitigate human-induced climate
change), liming preserves the pH balance of these environments (just
as geoengineering would maintain a more stable climate).

Unfortunately, geoengineering would also introduce new risks. For
example, stratospheric aerosols might destroy ozone (the aerosols
released by Mount Pinatubo did so; see Robock 2002). As already
mentioned, however, trade-offs are inherent in every measure we might
take to reduce climate change risk. And geoengineeering has the advan-
tage of being able to alter temperature in fairly short order. Indeed, it
is the only intervention that could halt abrupt climate change, after the
first signs of rapid change first appeared. For this same reason, of
course, geoengineering (unlike mitigation, R & D, and adaptation
assistance) need not be undertaken now. However, research on geo-
nengineering is needed now. We should be prepared to deploy this tech-
nology, should the need arise, and should we choose to do so, in the
future.

Coordination

All four of these categories are interrelated and so need to be addressed
jointly. Mitigation and R & D into new energy technologies are com-
plements: R & D, if it succeeds in reducing mitigation costs, makes
mitigation more attractive, while a more stringent mitigation goal
increases the returns to R & D investment. Adaptation and mitigation,
by contrast, are substitutes: if mitigation fails, the returns to adapta-
tion will increase, while if adaptation can be relied upon to reduce
climate damages, mitigation need not be as robust. If the optimists are
right, and geoengineering can regulate the climate without serious
adverse effects, this measure would substitute for all of the others.
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International climate policy must therefore coordinate the use of
these different measures, and this means we need a set of interrelated
protocols, rather than a linear progression of a mitigation-only proto-
col – the original Kyoto model. In the section below I develop this mul-
titrack model in more detail.

A new framework

The alternative model consists of a differently specified objective,
coupled with a multitrack system of protocols.

Appropriate measures

Rather than aim to satisfy a particular concentration goal, countries
should be encouraged to take “appropriate measures” to reduce the
risk of climate change within a framework of sustainable development.

To enjoin countries to take “appropriate measures” is to focus on
actions, rather than on targets, on inputs rather than outputs. Of course,
climate change will depend on the output of atmospheric concentrations
(leaving aside geoengineering), but this cannot be determined directly in
an international setting. A focus on output is only appropriate when a
collective response can be enforced, and international law prevents
easy enforcement of a treaty. Participation in a treaty is voluntary, and
treaties must create their own incentives for compliance. Indeed, Kyoto
also focused on inputs. The emission limits in this agreement apply only
to individual countries, and because of trade leakage, global emissions
are likely to fall by less than the sum of the reductions specified by the
treaty. The bigger problem with this agreement, however, is that its
success depends on a capability for enforcement that is lacking. As we
shall see, a focus on “appropriate measures” imposes a lesser burden on
enforcement, although the constraint of sovereignty cannot be lifted
entirely. In some cases, it probably cannot be eased at all.

The objective of taking “appropriate measures” has other advan-
tages. It allows consideration to be given to the costs and benefits of
action, whereas the output goal of limiting concentrations looks at only
one side of this equation (the benefits of action). It also provides a
more appropriate framework for addressing uncertainties. Though we
cannot identify the concentration level that will avoid dangerous inter-
ference with the climate system, we know that the probability of abrupt
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and catastrophic climate change increases in the concentration level,
and we therefore know that the measures taken to address climate
change should be tightened up as concentrations increase. Finally,
“appropriate measures” can, and should, embrace a wider range of
actions than mitigation. As already explained, a climate change treaty
system should also address R & D, adaptation, and geoengineering.

Though my concern in this paper lies with the need to take very sub-
stantial action, and to tie mitigation to new technologies, there is of
course a need also to reduce emissions in the short term. The Kyoto
Protocol already provides a vehicle for doing this, though it suffers by
being unable to support the enforcement needed to achieve even its
modest ambition. As I suggested earlier, it is likely that the efforts of
the parties to this agreement will essentially find their own level, one
in which there is some kind of comparability in terms of actions but
not in terms of emission reductions or compliance. A version of this
agreement could be retained: an agreement in which countries pledged
to take certain actions (these could include the setting of emission
limits), but in which the pretense of strong international enforcement
was dropped. This would see the agreement as providing a kind of tote
board for action (see Levy 1993), with the burden on compliance being
borne more by domestic institutions and the informal international
mechanism of naming and shaming.

My suggestion to focus on the need to take “appropriate measures”
was not chosen arbitrarily. The Vienna Convention for the Protection
of the Ozone Layer, which launched the remarkably successful
Montreal Protocol, established the same goal. Though ozone depletion
and climate change are alike in many ways, the Vienna Convention did
not specify a limit on ozone concentrations in the stratosphere; it
directed parties to “take appropriate measures . . . to protect human
health and the environment against adverse effects resulting or likely
to result from human activities which modify or are likely to modify
the ozone layer.” If this approach worked for the ozone layer, perhaps
it could be made to work for the climate.

R & D

As noted before, the knowledge resulting from basic research is in part
a global public good. The incentive for individual countries to under-
take research unilaterally is often powerful (think of the medical
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research undertaken by the National Institutes of Health in the United
States), but for climate change, no country has a strong enough incen-
tive to invest the substantial sums that will be required; the benefits to
any single country are simply not big enough; international coopera-
tion is needed. Examples of multilateral R & D collaboration include
nuclear fusion research through the International Thermonuclear
Experimental Reactor (ITER), the new particle collider being built by
the European Organization for Nuclear Research (CERN); and the
International Space Station. In many ways, however, a climate R & D
agreement (or set of agreements) would have to be more ambitious
than any of these current efforts. It may also need to be structured dif-
ferently. One possibility is that separate protocols could be negotiated
for different R & D projects – one for clean coal, another for electric-
ity distribution networks, a third for emission-free hydrogen produc-
tion, and so on. Another possibility is that a single protocol would
guide all decision making, both about funding and project selection.
Decisions must also be made about the organization of the R & D. Is
it to be undertaken by a single organization (such as the one at CERN)
created for this purpose? Is it to involve collaboration among different
entities? Is it to contract out the research? Is it to offer prizes for
research success? There may not exist a generally preferred model. A
variety of approaches may be needed.

How much R & D funding is required? This is a hard question to
answer, not least because an assumption needs to be made about how
R & D expenditure translates into technological success. David Popp
has made a first attempt to estimate this value. In a model in which the
“optimal” carbon tax is about $10 per ton of carbon in 2005 (and
rising after that), he finds that, today, a little more than $13 billion (in
1990 dollars) should be spent on R & D that improves energy effi-
ciency generally, and just over $1 billion on R & D that lowers the cost
of the backstop technology (Popp 2005: 15). Of course, a more focused
concern on avoiding abrupt and catastrophic climate change would
warrant even greater investment.

Can we expect that the money needed will be provided? Perhaps sur-
prisingly, R & D financing is unlikely to be undermined by free-riding
concerns. R & D, for the purpose of gaining discrete pieces of knowl-
edge, such as how to generate net power from nuclear fusion, is fun-
damentally different from reducing emissions. Emission reductions
are a continuous choice; we can reduce emissions at a given source by
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5 percent, or 60 percent, or 60.125 percent, and so on. Research, by
contrast, is often of a discrete nature. To produce net power from
nuclear fusion, for example, requires a massive effort and fixed inputs.
Half of an experimental reactor is of no value, and the scale of a reactor
cannot be chosen arbitrarily.

This feature of R & D makes financing more attractive, for the
simple reason that, as more countries contribute to a project requiring
a fixed sum of money, the costs of financing the remaining balance –
and, therefore, bringing the project to the point where it can deliver
benefits to all countries – shrinks. Financing discrete projects is essen-
tially a coordination problem. Provided other countries contribute
enough, it will be in the interests of each country to contribute the
balance (Barrett 2006b).

Coordination is a lot easier than cooperation, but it can fail. My
analysis of another discrete project – the financing of the effort to erad-
icate smallpox – shows that other considerations affect financing,
including expectations about ultimate success, whether each country
perceives that others have paid their “fair share,” and domestic poli-
tics (is there a domestic constituency willing to lobby for financing?);
see Barrett (2006c). Still, the problem is unlikely to be insurmountable
(the experimental fusion project, for example, is going ahead), and
there are ways to make financing more reliable (such as negotiating
financing shares up front, perhaps by relying on the focal point of the
United Nations scale of assessments).

The bigger problem for financing is likely to be of a different nature.
Although R & D must be undertaken before technologies are devel-
oped and diffused, the incentives to undertake R & D depend on the
prospects of those technologies being developed and diffused. The
demand for R & D – the willingness to pay for the knowledge gained
from R & D – is derived from the expectations that the R & D will
ultimately cause atmospheric concentrations to fall (or, in the case of
R & D into geoengineering, that it will cause temperatures to stabilize
without serious adverse effects); see Barrett (2006b).

Mitigation and technology diffusion

How might R & D aid mitigation? There are three possibilities.
First, it is possible, though very unlikely, that R & D will discover a

“silver bullet” technology that produces climate-friendly energy at
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lower cost than fossil fuels. This is the best outcome that can be hoped
for. For reasons of cost only, substitution would be universally attrac-
tive. There would be no need for enforcement.

Second, and much more likely, R & D might lower the cost of reduc-
ing emissions. This would not improve the prospects for international
cooperation, but it would increase the incentive for countries to reduce
emissions unilaterally. Without improving the prospects for coopera-
tion, however, the effect is likely to be “incremental.” Indeed, precisely
because the R & D would have little effect, it may not even be funded
(Barrett 2006b).

The third possibility offers an exception to this gloomy outlook. If
R & D leads to development of a technology that has certain key
features – such as economies of scale, network externalities, and
domestic-related benefits – then that technology might spread even
without enforcement. This is how the catalytic converter coupled with
the use of unleaded gasoline became a global standard. The standard
spread because the production and adoption of this new technology
exhibited increasing returns.

The tendency to standardize implies a threshold in adoption. If every
other country uses technology-energy combination A, it may not be in
the interests of any country to adopt alternative B. However, if enough
other countries use B, then it may pay every other country to adopt B.

Here, now, is the idea: suppose initially that every country adopts A,
and that A is cheaper than B, but that B is more climate-friendly.
Without the tendency to standardize, B would not be adopted, even if
all countries collectively would be better off using B rather than A. The
tendency to standardize, however, can be exploited for the purpose of
getting countries to switch to B. What is likely to be needed is a thresh-
old level of adoption of B. A treaty would thus be needed, but only to
identify the appropriate technology, and to provide the assurance to
every country that “enough” other countries will adopt B. This is
another coordination problem (in Barrett 2005, I call this a “tipping
treaty”).

So long as the costs of B exceed those of A, another problem arises.
Even if it would pay developing countries to adopt B, given that
enough industrialized countries adopted B, should the developing
countries be expected to pay the full costs of switching to B? This is a
question of equity, and it seems that, since the need to switch is due to
the historical buildup of concentrations by industrialized countries
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since the beginning of the industrial age, compensation may be war-
ranted. As well, the incentives for developing countries to switch to B
on their own may be weak. Developing countries, after all, are likely
to attach a lower value to local environmental improvements, and to
the extent that they are less well integrated with the rest of the world,
the network externalities of switching may be weaker for them
also (though note that sub-Saharan Africa, for all its poverty, civil
wars, political oppression, and HIV/AIDS cases, is phasing out leaded
gasoline).

So, international financing may be needed to promote the use of new
technologies in developing countries. Will this financing be vulnerable
to free riding? It is certainly not the same problem as financing incre-
mental emission reductions. Getting developing countries to adopt a
technology, such as a new form of automobile coupled with a new fuel
source, or a new means for power generation, is a discrete activity,
entailing a fixed (net) cost. So long as the benefit to industrialized coun-
tries of a switch by developing countries exceeds the compensation that
developing countries require to make the switch, the financing should
be forthcoming (Barrett 2001 and 2005: Chapter 13). The logic is
similar to the reason why financing of R & D should not be vulnerable
to free riding.

Is there a technology–energy combination that exhibits the required
degree of increasing returns? A shift to a breakthrough automobile
technology such as hydrogen is very likely to be characterized by
increasing returns, because of knowledge spillovers, economies of
scale, and especially the need to combine a new automobile technology
with a supporting energy infrastructure. However, increasing returns
are likely to be less important for the production of the hydrogen fuel.

Increasing returns also do not feature large in electricity generation.
The light water standard may dominate nuclear reactor design (Cowan
1990), but nuclear power is not generally favored over alternative
sources of generation. However, there may exist other possibilities for
this sector. Hoffert et al. (2002), for example, explain that renewable
energy would become economically more attractive if the electricity
transmission grid were re-engineered so that power could be redistrib-
uted between continents and time zones. Caldeira et al. (2005) claim
that development of high-temperature superconductor or carbon nan-
otube cables or even wireless power transmission could make creation
of a global electricity grid feasible sometime in the future.
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So there does not exist a technology today that has the desired char-
acteristics for global diffusion, but this only means that R & D needs
to be directed. R & D should be devoted to developing technologies
that not only produce energy without greenhouse gas emissions but can
be diffused globally without the need for enforcement. As mentioned
before, R & D and mitigation technologies must be chosen jointly.

To this point, I have considered only the collective action challenge
of mitigation. There is another perspective that can be important:
domestic politics. Carbon capture and storage has an obvious disad-
vantage as regards collective action: it is an add-on cost and so will not
be diffused easily without enforcement. However, this technology does
have an important political-economy advantage: it allows fossil fuels to
be burned even while greenhouse gas emissions are cut. If proven effec-
tive, this technology would quiet the coal lobby. As explained earlier
in the context of R & D financing, overcoming obstacles in domestic
politics could be as important as defeating international free riding.

Agreements establishing technology standards may also have related
political economy advantages. Technology standards create trade restric-
tions, which are legal and easy to enforce. Moreover, they allow the
transfer of technologies with little in the way of transactions costs (in
contrast to the CDM). Finally, if the technologies are produced at home,
domestic politics will favor financing their use abroad.

The need to transfer technology is manifest. Poor countries like
China and India are growing very rapidly, and it is important that the
investment underlying this new growth be climate-friendly. Indeed,
from this perspective also Kyoto got the design exactly wrong. Rather
than have the poor countries grow like the rich countries and then tran-
sition onto a new development path, relying on a different kind of
technology, it would have been much better for the agreement to have
focused on getting these countries onto a new, more climate-friendly
development path (financed by the rich countries) as a matter of
urgency. The rich countries could then transition to this same path
more gradually, as their own capital stock was retired.

Adaptation assistance

How should adaptation assistance be incorporated within a climate
treaty? The answer is not obvious. Even if adaptation required taking
steps only to reduce climate change damages, judgment would be
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needed to determine which changes were due to human influence and
which were natural. In addition, the knowledge that adaptation costs
would be paid for by others might create a moral hazard problem.
Finally, and as noted before, adaptation requires more than invest-
ments that respond to climate change. It requires investments in devel-
opment that make countries less vulnerable to climate change and that
offer a higher return compared with the alternative of mitigation.

Investments in global public goods for development – investments
that will benefit developing countries even if climate change turns out
to be gradual, and that will protect them from the worst possible out-
comes should climate change be abrupt or catastrophic – would seem
especially appropriate. A prime example was mentioned previously:
investments in malaria control and prevention. One such investment
would reduce substantially the likelihood of the deadly malaria para-
site becoming resistant to the new artemisinin-based antimalarials.
Combination drugs are much less prone to resistance but are also more
expensive. Currently, monotherapies are being used, despite the global
risks. To prevent resistance from developing and spreading, an interna-
tional standard should be created for this drug (monotherapies should
be banned) and subsidies made available to encourage the adoption of
the new combination therapy (Arrow, Panosian, and Gelband 2004).
Another example would be to invest in R & D into a malaria vaccine
or a similar innovation that could reduce malaria prevalence.

Geoengineering

The idea of engineering the global climate has a number of attractions:
First, and as noted previously, it can be undertaken as needed. In

contrast to mitigation, which affects the climate only after a lag, geo-
engineering can alter the climate relatively quickly, as the example of
Mount Pinatubo’s eruption demonstrated.

Second, it is cheap. By one estimate, scattering back into space the
sunlight needed to offset the warming effect of rising greenhouse gas
concentrations by the year 2100 would cost just $1 billion per year
(Teller et al. 2003: 5).2
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Third, geoengineering essentially involves a large project. It is
entirely different from mitigation, which requires constraining the
activities of billions of people all over the world. In Thomas Schelling’s
(2006: 48) words, “The first thing to say about the economics of geo-
engineering compared with CO2 abatement is that probably it totally
transforms the greenhouse issue from an exceedingly complicated reg-
ulatory regime to a simple – not necessarily easy, but simple – problem
in international cost sharing.” A large project, as Schelling suggests,
simply needs to be paid for. I noted the need for cost-sharing earlier, as
regards both R & D and technology transfer. Here, the matter is even
simpler. If the costs are as low as the above figure suggests, then there
essentially is no free-rider problem. Nordhaus and Boyer (2000: 131)
calculate that climate change would cost the United States alone about
$82 billion in present value terms. To avoid this loss by paying out just
$1 billion per year would be in the self-interests of the United States,
even if no other country contributed to the effort.3

Finally, geoengineering may offer environmental benefits, the main
one being the blocking of harmful UV radiation. Indeed, Teller et al.
(2003: 5–6) calculate that this health-related benefit, for the United
States alone, would exceed the cost by more than an order of magnitude.
If correct, the economics are even more favorable than suggested above.
Geoengineering would also allow CO2 concentrations to remain ele-
vated, which would be beneficial for plant growth, including agriculture.

Balanced against these advantages are some disadvantages:
First, geoengineering would entail a large-scale experiment, very

much like the experiment of rising concentrations of greenhouse gases.
There is uncertainty about the full consequences – these, like climate
change itself, will be revealed to us in time. Fortunately, however, the
risks are bounded. Aerosols pumped into the stratosphere would
survive only about five years before falling over the polar regions. Risks
could also be reduced by carrying out experiments and related research
on the effects of geoengineering.

Second, geoengineering may not alter the climate uniformly. Even
if the Earth’s average temperature were stabilized, the spatial distribu-
tion might be altered (greenhouse gases and sunlight scattering have
different radiative forcings). Govindasamy and Caldeira (2000) and
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Govindasamy, Caldeira, and Duffy (2003) have shown that this
concern may be unfounded, but they also urge caution.

Third, geoengineering would not address the problem of ocean acid-
ification. When CO2 is pumped into the atmosphere, a portion is
absorbed by the oceans, decreasing the pH level (as noted before, the
portion added to the atmosphere might be a benefit). This is likely to
change the process of calcification, endangering animals such as corals
and clams. Limestone could be added to the oceans, just as we have
added limestone to acid-sensitive lakes, but the scale required would
raise a new set of problems. It may, however, be possible to lime certain
sensitive coral areas (Royal Society 2005).

Finally, who is to decide whether geoengineering is to be applied? If
the calculations developed above prove correct, and the United States
(or some other country or group of countries) were willing to finance
a geoengineering project all by itself, should it be allowed to do so?
Could any country prevent it from doing so? These are serious ques-
tions. Some countries are expected to benefit from climate change, at
least gradual climate change over the medium term; Nordhaus and
Boyer (2000: 131) estimate that Russia, China, and Canada would all
gain. Might they use geoengineering themselves to absorb, rather than
to scatter, radiation, and so to counteract the effect of another
country’s intervention, or perhaps to make the planet warmer even
than the greenhouse effect alone? Would they need to be compensated
for damages resulting from a geoengineering intervention, even if that
should go to plan? What about countries that have different attitudes
towards risk, or that object to the concept of deliberately altering the
climate. Should their views be heeded?

In a characteristically thoughtful essay on this subject, Daniel
Bodansky (1996: 310) asks, would “the international community . . .
recognize a right of unilateral action with respect to climate engineer-
ing? And is it likely that a country such as the United States would decide
to proceed on its own?” His answer to both questions is no, and his
assessment is that the international system is more inclined towards pro-
hibitions than regulation. But is this correct? The US-led invasion of
Iraq, undertaken without the approval of the United Nations Security
Council (and after Bodansky wrote this article), suggests that the answer
to the second question may, under the right circumstances, be yes.

A more illuminating example, however, is the decision of whether to
destroy the last known stockpiles of smallpox virus, held by the United
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States and Russia (it is not known whether clandestine stockpiles may
exist elsewhere). Like geoengineering, retention of these stockpiles is of
global interest. Should the virus escape into the environment – as a con-
sequence of an accident, say – the entire world would be threatened.
On the other hand, should the virus be retained for the purpose of
developing a new antiviral drug or vaccine, the whole world would
benefit (the risk of a bioterrorist attack would be reduced). The United
States and Russia plainly have the upper hand; they possess the stock-
piles. But they do not have a free hand to decide unilaterally what to
do with their stockpiles. A decision by the World Health Assembly (in
which virtually every country in the world receives one vote) struck a
compromise between the countries wanting the stockpiles to be kept
and those that wanted them to be destroyed. The resolution passed
unanimously. Is a consensus on the use of geoengineering likely? That
will probably depend on how climate change unfolds, but the process
by which the smallpox decision was taken may serve as a kind of model
for future decision making about geoengineering.

Conclusion

In this paper, I have pointed out the flaws in the existing arrangements
and outlined a new proposal, or “architecture,” that looks very differ-
ent from the existing one. It focuses on promoting sustainable devel-
opment by reducing climate change risk, rather than on meeting a
particular concentration target; on the need for R & D and technolo-
gies, including mitigation and geoengineering technologies, rather than
emission limits; and on the value of international investments in adapt-
ation (development), rather than on mitigation alone. The proposal is
an imperfect remedy to a complicated challenge, and its flaws derive
from the same forces that make the existing treaty arrangements imper-
fect. My claim is modest: that the proposal outlined in this paper will
improve on the existing approach. It is perhaps most appropriately
thought of as the second-best next step in an evolving process that has
a very long way to go yet.
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Commentaries on Barrett

6.1 Beyond Kyoto: learning from the
Montreal Protocol

daniel c. esty

Scott Barrett’s “A Multitrack Climate Treaty System” provides a useful
basis for thinking about how to realign global cooperation in response
to the threat of climate change. In this commentary, I argue that
Professor Barrett has made a strong diagnosis of the problems with the
current international policy approach. In addition, he offers a solid
description of what needs to be done to move the policy process
forward. His prescription of how to reconstruct the climate change
treaty regime is interesting but uneven and incomplete.

Rather than refocusing the global response to climate change around
a series of new protocols, with added emphasis on geoengineering, I
argue for a “Beyond Kyoto” approach that would restructure the
current regime of international cooperation with an aim of creating a
more comprehensive, effective, and efficient international policy archi-
tecture. In this regard, the model provided by the most successful
global environmental policy structure, the Montreal Protocol and its
affiliated agreements, deserves renewed attention.

Especially when compared to the success of the Montreal Protocol,
which led to a phase-out of chlorofluorocarbons (CFCs) and other
ozone-layer-damaging chemicals, there can be little doubt that the
approach mandated by the Kyoto Protocol represents a flawed strat-
egy for preventing global warming and other harms related to climate
change. As Professor Barrett points out, the current regime has done
little to stem the growth of greenhouse gas emissions. It also does too
little to promote adaptation to climate change. Most seriously, the
Kyoto Protocol imposes emission reduction obligations on only a few
dozen countries – and fails to require any controls in the countries of
the developing world, where emissions growth is rising most rapidly.

Professor Barrett is also correct in his assessment that the Protocol
too narrowly focuses on a single five-year budget period from 2008 to
2012. It fails to establish a clear direction for policy in the decades
beyond. Furthermore, the current international regime has little in the
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way of incentives for compliance and no mechanism for enforcement
against those who either fail to uphold their obligations or do not sign
on to binding commitments at all.

Professor Barrett forcefully argues for a multitrack climate change
control structure. He suggests that we need enhanced efforts to
promote greenhouse gas emissions control (mitigation). He would also
like to see new protocols aimed at advancing research and development
into technologies that can lower mitigation costs as well as more
investment in strategies of adaptation to climate change. And perhaps
most provocatively, he argues for a much greater emphasis on research
into geoengineering in order to find ways to counteract the effects of a
buildup of greenhouse gases in the earth’s atmosphere.

Professor Barrett’s argument for a multitrack approach is well rea-
soned and parallels the multifaceted nature of the challenge. Climate
change is a complicated problem with multiple elements, sub-issues,
and political implications. We should therefore expect that any serious
response will need to be multidimensional.

It is increasingly clear that the Kyoto Protocol strategy of setting green-
house gas reduction targets for a small set of industrialized countries is
weak in its design and even more modest in its accomplishments (Victor
2004). If we are to blunt the risk from a buildup of greenhouse gases in
the atmosphere to prevent “dangerous anthropogenic interference” with
the planet’s climate, then a much greater investment in mitigation across
a wider swath of countries and industries must be undertaken. The
critical issue in this regard, as Barrett notes, is the need to improve the
structure of incentives for technology development. Indeed, there is sub-
stantial evidence that environmental gains are, almost always, a function
of technological advances (Chertow and Esty 1997: 12).

Investments in new developing technologies such as alternative
sources of energy or carbon sequestration are global public goods. As
Barrett points out, those who make such investments cannot fully
capture the benefits. Refining the incentives for investment in climate
change mitigation technologies is therefore crucial. But the need for
stronger inducements for technology innovation need not mean, as
Barrett seems to suggest, that there must be much greater government
involvement in research and development. To the contrary, govern-
ment research efforts are less likely to produce good results than sharp-
ened incentives for private sector action. In fact, with energy prices
above $60/barrel, billions of dollars of venture capital are moving into
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the alternative energy marketplace as Figure 6.1.1 suggests (Esty and
Winston 2006: 42).

In parallel with new technologies and mitigation efforts, investments
are clearly also needed in adaptation. The current Kyoto Protocol
regime places some focus on this policy arena, but not nearly enough.
Barrett’s call for more action in this realm makes good sense. Some
countries, such as the Netherlands, are positioned to respond to rising
sea levels and more severe windstorms and indeed are already adjust-
ing land use strategies in preparation for climatic changes (Bressler,
et al. 2005). Other countries that will be severely affected, including
many of those in equatorial latitudes, such as Bangladesh, are much
less well placed to address the harms they will likely face (Paavola and
Adger 2006). Resources invested now may well help to avoid, or at
least dampen, the threat of humanitarian crises and huge numbers of
environmental refugees later.

What is somewhat curious is Professor Barrett’s enthusiasm for geo-
engineering. While emphasis on trying to reflect solar radiation back
into space is no longer considered a fringe approach to the climate
change problem (Crutzen 2006), there remains a great deal of scientific
doubt about whether geoengineering can be the central thrust of a
global climate change strategy (Broad 2006). Barrett’s focus on geo-
engineering does have an underlying logic. We all would like to be able
to “fix” the climate if real problems emerge in the coming years.
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But the geoengineering emphasis appears to rest on a series of
assumptions that may be counterfactual. The analogy to adding
limestone to lakes to reduce acidification due to acid rain cannot
be seen as offering much of a promise of success. Liming lakes helps
to re-establish a pH balance but it does not restore full ecosystem
functionality.

The suggestion that technologies to reduce climate change impacts,
such as aerosols pumped into the stratosphere to reflect sunlight, will
be cheap and manageable is not shared by the bulk of the scientific
community (Schmidt 2006). In addition, the proposition that geoengi-
neering can be “undertaken as needed” implies a capacity for fine-
tuned intervention that few scientists presently anticipate. And Barrett
does not fully explore the downsides of dousing the atmosphere with
reflective particles.

Finally, to the extent that Barrett’s enthusiasm for geoengineering
derives from his conclusions that, as a “discrete project,” it will be
easier to finance cooperatively, the argument seems too narrow. Why
wouldn’t a push for alternative energy supplies offer the same cooper-
ation logic?

Thus, while Barrett’s call for a new approach to reducing climate
change risk provides a useful vision of the way forward by emphasiz-
ing multidimensional action on multiple tracks, his prescription for
lowering the probability of big harms and reducing the impact of
inevitable ones does not really provide an alternative policy architec-
ture. Nor does Barrett develop in any detail how his proposed series of
additional protocols would work. The centrality of technology innov-
ation which he espouses cannot be disputed. But Barrett’s call for a new
treaty protocol that would promote research and development is not
sufficiently explained. He does not say who would do the research. Nor
does he spell out who in the global community would pay for the work
undertaken.

Some of the assumptions that underpin Barrett’s analysis seem
quirky. For example, the suggestion that it is “very unlikely” that a
silver bullet technology that produces climate-friendly energy at lower
cost than fossil fuels will be found seems a bit strong. Indeed, there are
many who believe that among a portfolio of alternative energy sources,
it is quite likely that some will, at least over time, emerge as cost-
competitive with fossil fuels and ultimately be widely adopted (Lovins
et al. 2006).
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More problematic is the assertion that technology breakthroughs
that lower the cost of reducing greenhouse gas emissions “would not
improve the prospects for international cooperation.” There is, in fact,
a fairly substantial body of literature that suggests that the degree of
international cooperation that is possible around climate change is
strongly shaped by the cost of participation in the system in question
(Esty and Mendelsohn 1998).

Barrett’s further assumption that the differences among nations with
regard to how much they would be willing to invest in preventing
climate change can be overcome more easily in a geoengineering
context, as opposed to one focused on emissions control, appears a bit
too facile. Differences in starting positions, economic capacity, and
perceived threat from climate change have been a hallmark of the chal-
lenge of addressing this problem from the earliest days. The suggestion
that a switch to geoengineering would somehow put these issues
behind us cannot be sustained.

Finally, Barrett too quickly dismisses the possibility of constructing a
treaty regime of greenhouse gas emissions targets and timetables that are
enforced with a degree of rigor. In fact, Barrett fails to grapple with the
fact that the status quo that he critiques has evolved considerably. While
it seemed unlikely just a couple of years ago that cost-competitive alter-
native energy sources would emerge in the short- or even middle term,
quite a different picture emerges when oil prices exceed $60 per barrel.
At this much higher price, a series of technologies, including wind, solar,
geothermal, and hydropower become potentially economically viable.
Whether one accepts the argument that we are today at “peak oil” pro-
duction with supplies likely to get even tighter, it cannot be disputed that
worldwide energy demand will continue to rise. Driven by economic
growth in China and India – and across a number of other developing
countries – fossil fuel demand is poised to outstrip supply for years to
come.

Perhaps more importantly, there is a growing sense that today’s
market price of oil understates the real cost. A “fully loaded” fossil
fuel price would internalize a variety of “externalities” and include
charges to reflect the geopolitical risk that accompanies the extrac-
tion of fossil fuels in volatile parts of the world such as the Middle
East, local air pollution costs, and as well as a price for the carbon
dioxide emissions associated with fossil fuel burning. With a public
that increasingly sees these costs as real and wants policies that
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address these issues, a quite different energy future begins to come
into focus.

So while the Kyoto Protocol does both too much (creating cost
burdens that scare countries and major companies away) in the short
run and too little in the long run, the existing treaty structure may still
provide the architecture for a successful global response to climate
change. What is needed is a “Beyond Kyoto” protocol that addresses
the weaknesses of the current policy approach and sets out a better
course for worldwide action.

In passing, Professor Barrett makes reference to the Montreal
Protocol and the “appropriate measures” that it encouraged countries
to undertake in order to reduce the breakdown of the earth’s protec-
tive ozone layer. While Professor Barrett picks up on the objective of
having countries take appropriate measures as individually defined, he
might have more broadly focused on the elements of the Montreal
Protocol that have worked to make it the world’s most successful inter-
national environmental agreement (Speth and Haas 2006: 96–97).
Indeed, I believe the Montreal Protocol provides the best model for a
re-engineered architecture for the global response to climate change.

The Montreal Protocol has set the world on a course to restoring the
Earth’s protective ozone layer (Benedict 1991). Its targets and timetables
for phasing out chlorofluorocarbons and other ozone-layer-threatening
chemicals have proven to be relatively inexpensive to implement as well
as effective. While the current international climate change regime has
not engaged the developing world in the challenge of reducing green-
house gas emissions through binding targets, the Montreal Protocol was
a success precisely because it drew the developing nations into a world-
wide effort to protect the ozone layer. Similarly, while policymaking on
climate change has suffered from a lack of leadership (and even partici-
pation) by the United States, the United States led the effort to create the
Vienna Convention, the Montreal Protocol, and the series of amend-
ments to these core agreements that have united the world in response
to the threat of a depleted ozone layer. Furthermore, while the climate
change policy architecture is just beginning to translate obligations
imposed on governments into incentives for action on the part of busi-
ness, the Montreal Protocol quickly created incentives for industry to
phase out of the use of CFCs and related chemicals.

What structural elements were critical to the success of the Montreal
Protocol? First, the ozone layer protection regime imposed on all
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countries an obligation to take action. The central principle of
“common but differentiated responsibility” meant that all countries
were required to phase out the use of ozone-layer-damaging chemicals
(Harris 1999). Those in the developing world were provided a longer
timetable and financial support, but their obligation was ultimately the
common one of fully phasing out CFCs.

Second, the Montreal Protocol provided a bundle of both carrots
and sticks to promote ratification of the treaty and adherence to its
terms (Esty 1994: 189–192). In particular, monies were made available
through the Montreal Protocol Fund to subsidize the developing
world’s shift to CFC substitutes, and the developed world undertook a
series of technology transfer initiatives. A parallel set of sticks were
introduced to ensure compliance. Trade penalties were threatened
against countries that either failed to become parties to the treaty or
that fell down in the implementation of the treaty obligations.

Even more notably, special incentives were created to induce the
most-critical developing countries into the ozone layer protection
regime. Specifically, the Montreal Protocol Fund was initially capital-
ized with $160 million. But the United States and other countries com-
mitted to providing additional resources if and when both China and
India ratified the agreement and began the implementation process.
Getting the two developing countries with the greatest “democratic
heft” into the treaty helped to ensure that other developing countries
signed up as well (Esty 1999). The prospect of global markets for CFC
substitutes intensified the incentives for technology progress.

The Montreal Protocol success demonstrates that institutional design
matters. A carefully constructed treaty architecture that includes both
positive inducements and an enforcement mechanism can create incen-
tives for global participation and effective emission control. The com-
mitment of countries to their treaty obligations can be translated into
incentives for industry to develop strategies for mitigating emissions,
generating alternative technologies, and disseminating breakthroughs
across the world.

So what are the conclusions to be drawn? First, the fact that the
Kyoto Protocol has failed to deliver the desired result does not mean
that all structures of targets and timetables will be unsuccessful. To the
contrary, a more thoughtfully designed climate change regime – that
abandons the slapdash Kyoto approach – could be developed. Targets
must be calibrated to what is achievable at reasonable cost – and
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stretched out over decades, not just five years. The key to success is a
clear signal to the private sector that the energy future will be different
from the past. Such a signal would allow those who are heavily
invested in energy-intensive activities to write down their existing
investments, develop more-efficient production processes, and prepare
for a changed energy cost structure. Appropriate price signals would
also help to spur investment, research and development, and entrepre-
neurial activity in pursuit of technology breakthroughs. A little
“breathing room” in the form of a longer timetable would also help to
get those who feel burdened by changing circumstances on the climate
change bandwagon rather than feeling as though they have to try to
derail the international policy process.

Second, universal participation, based on the principle of common
but differentiated responsibility, must be insisted upon. Global prob-
lems require global solutions. Regardless of who is responsible for past
emissions, all countries must accept responsibility for present and
future harms. It does not work to give a “pass” to the developing
world, particularly the emerging economic powerhouses of China and
India. Simply put, those who enjoy the benefits of global integration
(particularly trade liberalization) must share the burdens of addressing
the costs of interdependence, including greenhouse gas emission
control.

By moving toward a new Beyond Kyoto protocol, the nations of the
world could simultaneously promote emission mitigation strategies by
structuring incentives for adequate research and development into
alternative energy sources, carbon sequestration, and geoengineering.
In support of those least well positioned to help themselves, invest-
ments in varying forms of adaptation would also make sense.

Whether the world moves in this direction is by no means assured.
A new climate change strategy and international policy architecture
will not emerge without leadership. A successful restructuring of the
international policy response to climate change requires, in particular,
US participation and active support. Whether such leadership might be
forthcoming after the 2008 presidential election remains uncertain. But
there are clearly models to draw on and ways to move forward that
might build on the United Nations Framework Convention on Climate
Change of 1992.

As Barrett suggests, a multitrack structure will be needed. But the
thought that the current platform is so deeply flawed that it cannot

Beyond Kyoto: learning from the Montreal Protocol 267



support the architecture that is required appears overstated. And
placing geoengineering at the center of the global policy structure pro-
vides a shaky foundation on which to build.
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6.2 Climate favela

henry d. jacoby

The lure of a comprehensive climate “architecture”

From the earliest days of climate negotiations there have been danger
signals about the pace and direction of the effort, particularly as regards
participation by the United States but also for developing countries.
The first Bush Administration was in the lead in insisting that
nothing beyond a nonbinding “aim” for emission reduction be
included in United Nations Framework Convention on Climate Change
(UNFCCC) and followed up with little beyond voluntary measures. The
Clinton Administration embraced the UNFCCC aim but also relied
mainly on voluntary initiatives. And by its Byrd–Hagel Amendment, the
Senate fired a shot across the bow of the US negotiators in the lead-up
to Kyoto. In 2001 these problems were brought rudely to the surface as
the second President Bush rejected the outcome of the negotiations
carried out over the previous five years. Further, from the outset there
was a distinction between Annex I parties and those in Non-Annex I,
with the developing countries in the latter group consistently refusing
to permit the agenda of the UNFCCC’s Conference of Parties (COP) to
include any discussion of ways they might enter into the emerging
regime of national emission commitments.

As the negotiating process ran from Rio to Berlin to Kyoto and
beyond, there emerged a body of reflection on the apparatus that was
being created, and the metaphor that took hold was that of the “archi-
tecture” of the nascent regime (e.g., Schmalensee 1998). The concept
has been stated in various ways, but a definition we have found useful
is, “a unifying structure that restricts potential agreements in ways that
both simplify negotiations and point them in desirable directions”
(Jacoby, Schmalensee, and Sue Wing 1999). The Kyoto Protocol – a
rolling system of legally binding national greenhouse gas (GHG) reduc-
tion targets carried out in the UN context – is an example. Aldy,
Barrett, and Stavins (2003) and Bodansky (2004) explore the criteria
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for a satisfactory meeting of this loose definition and lay out literally
dozens of proposals for the way forward.

The way this question has been approached, at least in the econom-
ics and public policy literature, highlights an important feature of the
larger process that has drawn so much thought and analysis and so
filled so many journal pages. It is the lure of the prospect of conceiv-
ing, designing, and implementing the comprehensive solution – not just
a structure that points in useful directions but also promises to fulfill
the ambitious goals of the UNFCCC. Consider the reasoning that led
to the details of the Kyoto structure. Anthropogenic climate change is
a global problem so (the diplomats decided) all nations should have a
hand in creating the regime. Several gases contribute to radiative
forcing and terrestrial sinks can absorb CO2, so (as we economists have
argued) the initial effort should be an all-gas agreement with sinks
taken into account. Given a set of negotiated emission targets, costs
will differ among countries, so (again as economists insisted) there
should be provision from the start for permit trading to equalize mar-
ginal costs among parties. Developing nations should be somehow
involved in reductions (as many argued) so add the Clean Development
Mechanism (CDM) to allow crediting of actions carried out there. And
of course there must be environmental improvement, so (as environ-
mental advocates held) the agreement should seek the largest feasible
emission reduction in the first accounting period.

The keystone of this structure, a compliance mechanism, proved
elusive, but clearly what was sought was an architecture with the
coherence and comprehensiveness of a Gothic cathedral.

Now the fact that an elegant and comprehensive architecture is so
alluring is not to be disparaged. If we are to deal with the climate threat
in the long run, such a structure for negotiation must emerge, and it is
faint criticism to say the nations reached for it too quickly or that advo-
cates pushed too hard. Similarly, to argue that Kyoto is not the basis
of a long-term solution is not to demean all those analysts, advocates,
and negotiators who contributed to the process, or to suggest that if
other choices had been made in 1995 or 2001 we would be in a dif-
ferent position today. It is a fool’s errand to argue, “Only if back then
we had (fill in the blank), we wouldn’t have this problem now.” We are
where we are, and despite much hard work the interplay of the politics
of many nations and interests has led to a fragmented system – a
process well elaborated by Victor in this volume. Moreover, the topic
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and organization of this volume suggests that we have reached a point
where there is no clear, commonly accepted vision of how to proceed.

And thus, instead of the desired cathedral, we are headed into a
period of construction more suggestive of the ramshackle neighbor-
hoods or favelas that dot the hillsides of Rio de Janeiro. This is the
world that underlies the Barrett paper, although the lure of the com-
prehensive solution – to be achieved by what he calls “a new frame-
work” that will deal with the climate threat through “a multitrack
system of protocols” – still motivates his analysis. As background for
specific comments on what Barrett proposes in this context, it is useful
to begin with an idiosyncratic view of our current situation.

Architectural efforts to date

The key element of the Kyoto Protocol was presaged by text of the
UNFCCC which set negotiations on the path to national targets and
timetables with its voluntary aim to return GHG emissions to 1990
levels by 2000, and locked in the two-tier system of negotiations with
the clear division of expectations for Annex I and Non-Annex I parties.
Also included was an overarching objective of atmospheric stabiliza-
tion, though the level of the intended long-term goal has never been
agreed, and that provision played no direct role in the negotiations that
produced the Kyoto emission targets.

At the first meeting of the COP, held in Berlin in 1995, instructions
were agreed for the negotiators to follow in their preparation of the
first protocol under the Convention, to be agreed in Kyoto three years
hence. Among the provisions of this so-called Berlin Mandate was a
system of national targets and timetables that would be legally binding.
(Incidentally, at the time there was a proposal to adopt a system of
pledge and review rather than hard targets.) Importantly, it further
locked in the division between industrialized and developing countries
by stipulating that no emission commitments were to be introduced for
parties outside Annex I. Also, negotiators were charged with agreeing
to a set of common policies and measures (or PAMs in the jargon of
the field) – that is, actions to take as well as targets to accept. Along
the path from Berlin to Kyoto the system of targets and timetables was
in fact converted from an “aim” to a legally binding commitment,
whereas PAMs were dropped, largely at US insistence. Both PAMs and
pledge and review now reappear in the Barrett proposals.

272 Henry D. Jacoby



Much has been written about the flaws of the Protocol that resulted
(e.g., Jacoby, Prinn, and Schmalensee 1998; Jacoby and Reiner 2005;
Aldy, Barrett, and Stavins 2003; Barrett 2003, Victor, this volume). For
purposes of this discussion, however, one circumstance stands out as a
cause of the current fragmentation. Pressures on key political players
led the negotiation process far out in front of the level of public concern
in key nations about the seriousness of the climate threat, and thus
ahead of any political commitment to take mitigation action. So, for
example, there was no chance the US Senate would have ratified the
Protocol whatever the outcome of the 2000 election.

This is not to say that there is no action on greenhouse gases in the
United States, or among Non-Annex I members even apart from the
CDM, or that no developing countries will accede to Kyoto commit-
ments in a second commitment period. But extension of the system of
binding targets and timetables to cover the major Non-Annex I parties
like China, India, Brazil, and Indonesia is extremely unlikely. And even
the adoption by the United States of substantial CO2 reduction mea-
sures will not likely be accompanied by ratification of the Kyoto
Protocol as it now stands.

So what happens next? Any scenario of future events must start with
expectations for the institutions created thus far, and developments in
the nations and nation groups that support them. Use of the favela
metaphor, implying that there will be no universal, comprehensive
architecture for some number of years, does not suggest that existing
institutions will evaporate: efforts will be made to salvage, adjust, and
correct. For example, a number of useful activities are organized under
the UNFCCC including national communications, capacity building,
and secretarial functions, and these will continue (Jacoby and Reiner
2005). The UNFCCC also may ultimately serve some role in the organ-
ization of additional multi-nation commitments, as can be seen, for
example, in the participation of all parties in its Dialogue on Long-
Term Cooperative Action to Address Climate Change by Enhancing
Implementation of the Convention that first met in May 2006. The
Kyoto Protocol likely will survive in some form as well. Annex I parties
ex the United States and Australia will spend the next five and one-half
years trying to make the best of their existing commitments, and some
Kyoto-spurred developments like the European trading system and
CDM are likely to become permanent features of economic life. Also,
some form of second commitment period will be negotiated, perhaps
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with some smaller and richer developing countries taking on emission
commitments, but with competitiveness pressures preventing substan-
tial tightening of the first-period commitments. Too much effort has
been spent to abandon the agreement and its bureaucracy altogether,
but it will evolve into a softer, more pledge-and-review-type structure
than originally intended.

Meanwhile, the search for a comprehensive approach continues in
the COP, in other venues such as the Group of Eight (G8) summit, in
an effort to convert the current Group of Twenty (G20) finance minis-
ters into a group focused on climate (see Victor, this volume), and in
bilateral and multilateral discussions. The result will be a period of
regime construction with no global architect. Nations in and out of the
Kyoto system are beginning to take action on mitigation and adapt-
ation. Almost all have imposed voluntary schemes; regulations and
technology standards are widely applied; subsidies to low CO2 tech-
nologies appear in almost all countries; carbon prices are applied in
various forms through taxes or cap-and-trade; and most of the richer
parties are spending on R & D, commercial demonstration, and pro-
grams of technology transfer. Versions of the CDM outside the Kyoto
agreement are being formulated, and industry-level agreements are
already in place (e.g., in semiconductor manufacture) with others
under consideration. Many of these activities involve bilateral or mul-
tilateral understandings and even explicit agreements. An ultimate
comprehensive architecture, if ever reached, will be some integration
of the favela of approaches developed in this period, including the
Kyoto Protocol – a view explored at greater length by Pizer in this
volume. In short, domestic actions will not follow international agree-
ment but the other way around. What will matter most in the coming
years will be those measures that domestic legislatures are willing to
take even in the absence of any assurance that others are doing their
share, and the ultimate structure for international negotiation in the
long term will need to accommodate these developments.

The Barrett proposal

Barrett’s proposal of a “new architecture” for this complicated setting
has two key components: a shift from targets to actions and a focus on
technology. He is led to these conclusions by the logic of his own prior
analysis, which elaborates the difficulty of solving a global commons
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problem with sovereign states as parties (Barrett 2003). One can
quibble with his focus on the atmospheric stabilization goal as the
main characteristic of the UNFCCC/Kyoto structure when in fact it is
the national emission reduction targets that are key. But either way his
argument holds: incentives for participation in these kinds of targets
are lacking and there is no means of enforcement among sovereign
entities. He sees the Kyoto structure ultimately morphing from a legally
binding agreement to a system of “shame and blame,” or what was
referred to earlier as pledge and review. In the near term this seems a
reasonable forecast. Whether the gains to be had from such a system
are as paltry as the paper suggests remains to be seen. If the major
powers became committed to action domestically, such a system of
shame and blame might be an important component of a long-term
regime.

Barrett’s suggested alternative, the negotiation of “appropriate mea-
sures,” is a return to the PAMs requested of the negotiators by the
Berlin Mandate, only now the measures are not limited to mitigation,
as was the earlier focus, but also extend to adaptation and perhaps
even to geoengineering (of which more at the end). The focus then is
on the development of low-GHG technology and even more specifi-
cally on the Holy Grail of climate policy: the self-enforcing agreement.
If Barrett turns out to be right about the limits to open-ended agree-
ments to share the burdens of emission mitigation, then technology
development with powerful incentives for adoption is the one place left
to look for a solution. He finds such a prospect in technologies with
economies of scale and positive network effects. Find such a technol-
ogy and, with only minor agreement on common standards, the eco-
nomics will “tip” so all nations have an incentive to adopt it freely.
Barrett does not claim he knows of any such technologies that are actu-
ally out there to be found, or if a few did that they could make a sig-
nificant dent in the climate risk – just that this is one approach that
might actually work and lead parties beyond actions taken on a narrow
national calculus.

It is a clever idea. Surely we should always be on the lookout for
technical options with these characteristics. But is it an architecture for
global agreement in the sense laid out above? An agreement on overall
levels of R & D expenditure among nations capable of this work could
be useful. But the suggestion of protocols on specific technologies tar-
geted for their scale and network effects, or a treaty establishing a
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central body to allocate effort among options with this potential, is
problematic to say the least. There are not one or a few technical
advances relevant to the climate issue but many, and new technology
often emerges not from a single focused project but as the combined
effect of results gained in diverse areas. (An example, is the role of
microprocessor technology in automotive power trains.) Network
effects happen, but it is not clear that they can be predicted, and surely
not by diplomats in protocol negotiations. Negotiation of common
standards (e.g., auto mileage standards or refrigerator efficiency) may
be possible, but these come only when the technology is reasonably
well understood. Thus the proposed mitigation strategy boils down to
agreements on the overall levels of expenditure on climate-friendly R
& D and an increased focus on ways to agree on common policies and
measures, with useful guidance as to where the most productive actions
may lie.

On the issue of adaptation, Barrett suggests investments to raise the
adaptive capacity of developing countries as a possible area of agree-
ment, using malaria as an example. He does not, however, provide an
analysis (as he does of emission mitigation) of whether under the cal-
culus of national interest nations would be willing to invest in others
in this way, nor does he suggest what types of agreement might prove
constructive. And, importantly, for none of his four-track system of
protocols is there any discussion of the institutional context. Are they
to be pursued in the COP or elsewhere in the UN system? In the G8?
In bilateral and multilateral agreements? All at the same time, or in sep-
arate negotiations perhaps coordinated in some way? The result, there-
fore, is the proposal of a set of promising directions for climate policy
discussions constrained by a hard-edged view of the limits of interna-
tional agreements – in effect a suggestion of additions to the existing
fragmented structure. To point out the limited scope of the Barrett pro-
posals is hardly a criticism but simply serves to highlight the fact that
his broader and perceptive analysis of the limits of statecraft (Barrett
2003) tends to rule out proposals that range far from the current
system of favela construction.

So is that it? From Barrett’s analysis should we conclude that there is
no path to a unifying structure, with strong enough incentives for par-
ticipation and compliance to yield emission reductions that may prove
to be needed? Hard as it is to separate hope from assessment, I think
not. But the conditions are not yet in place for a serious discussion of
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the issue. On the view that international agreement follows domestic
action, formulation of a comprehensive architecture must await direct
action on CO2 mitigation by the United States, taken because the activ-
ity is perceived to be in the national interest apart from what others are
doing. And the same prerequisite holds for China. When these two
giants have moved in their domestic policies serious discussion can
begin with the EU and others operating under the current Kyoto regime.
Some form of unifying structure could emerge out of the mix of
approaches they are then taking. Until these conditions are met,
uncoordinated construction of the kind actually implied by the Barrett
proposals may be the best we can hope for.

Finally, Barrett goes where others have feared to tread (Summers and
Schelling in this volume being conspicuous exceptions). For many
years the “A” word could not be spoken in polite company, but once
it was recognized that adaptation to some level of climate change is
unavoidable the topic moved into the mainstream. At the margin now
is the “G” word. But, as the difficulties of international agreement that
Barrett so convincingly argues sink into public consciousness, the
prospect of geoengineering – the ultimate technical fix – becomes an
acceptable topic. In part, the earlier hesitance reflects our naiveté about
the degree to which the Earth has already become a human-engineered
system (Allenby 2000/2001), and it is not surprising that the coverage
here mainly serves to reveal how far we have to go in integrating this
option into policy discussion.

Barrett formulates geoengineering as a single “large project,” using
as his example the direct manipulation of the Earth’s radiative balance
by the injection of scattering aerosols into the atmosphere. In fact, this
measure might not be one project but many, carried out in an uncoor-
dinated fashion by diverse nations. Geoengineering also includes the
possibility of selective manipulation of SOX emissions from coal-fired
power plants, relaxing controls where acid deposition is mainly over
the oceans. Moreover, the purposeful geoengineering of climate
includes modification of the carbon cycle, most prominently by iron
fertilization of the oceans to increase the rate of CO2 uptake. R & D
on this latter option is well under way, and there are commercial firms
setting up to provide this service as soon as some nation will credit the
increased uptake in its GHG control regime.

Research to develop better understanding of these options, and their
risks, is useful as Barrett suggests. But what of the larger question of
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collective action beyond R & D that motivates this volume? Most of
the “architecture” discussion concerns the development of a structure
to guide efforts to control the engineering of the planet that we are
doing inadvertently, involving the need for some form of cooperation
and/or coordination of effort. Here the problem is turned on its head:
what is the structure that might lead to a constructive global outcome
in a situation where any one nation (even a poor one if costs are as low
as estimated by Barrett’s source) could manipulate the solar insolation
of the whole planet, or sets of nations could create crediting programs
that unleashed private business to carry out these measures? And, as
Barrett carefully notes, all this occurring in a situation where forecasts
of the effects of these measures are at least as uncertain as those for
GHG emissions and where there are unknown and perhaps significant
distributional effects among regions and sectors.

The example cited of US unilateral military action nicely frames the
issue: what architecture of climate negotiation will serve in the face of
the power of individual nations to affect the global setting purposively?
Discussion of that prospect needs further detailed work along the lines
of Barrett (2003) before it can be thought of as a component of the
integrated approach he suggests, or indeed of any serious international
consideration.
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7 Practical global climate policy
william a. pizer

Introduction

Ameaningful discussion of international climate policy agree-
ment needs to begin by asking the question, what is the goal of
the international agreement? What defines success? One way to

answer this question is to view the problem through the eyes of a styl-
ized grouping of experts and stakeholders engaged in the issue: econo-
mists, environmental advocates, and technologists. Economists would
likely describe the goal as maximizing welfare; that is, setting a global
policy that balances expected costs and benefits of mitigation.
Environmental advocates, and indeed the United Nations Framework
Convention on Climate Change (UNFCCC), describe a goal of pre-
venting dangerous interference with the climate system. Like the Clean
Air Act in the United States, it suggests first consulting the science to
establish a safe standard, then following up with a cost-effective (i.e.,
least-cost strategy) to achieve it. Alternatively, the goal might be
described by technologists as the need to develop and deploy climate-
friendly technology at a global level, without a heavy emphasis on
near-term emission reductions.

Such stylized views typically lead to straw-man conclusions about the
design of an agreement – agreements that are easily knocked down by
practical critiques. Yet considering these straw men can help point us to
an alternate, more practical goal. That is, the goal might be to encour-
age some balance of domestic mitigation and technology development
across individual countries in the near term – embracing a fairly wide
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range of efforts driven by domestic capacity in each nation – while
laying the groundwork for a more coordinated international mitigation
effort in the future. In other words, encourage at a global level more of
what we are beginning to see happening, regionally and domestically,
right now, in advance of stronger international efforts as institutions
evolve.

While all of the architectures presented in this book seek to address
practical concerns of one form or another, this chapter is more specif-
ically focused on what we observe happening in the world right now
and what those observations tell us about an international design that
really might work, right now (and presumably accomplish something
more than would occur in complete absence of an agreement). In this
way, most of the analysis is positive, not normative; based on the
observed suite of behavior over the last decade, what does it imply
about what will and will not work? Foreshadowing the eventual con-
clusions, if the goal is to encourage action now, there needs to be much
greater deference to domestic interests – whether it is concern about
excessive reliance on natural gas in the United States or an over-
whelming priority on economic development in countries like China
and India. There needs to be a recognition of national differences in
policy preferences. The agreement needs to consider technology devel-
opment and investment activity (technology push), not just mitigation
(demand pull). Efforts to engage developing countries need to proceed
at all levels – project-based credits, sectoral or policy-based credits, and
broader linkage with other issues such as energy security and trade.
Finally, the emphasis needs to be more clearly on evaluating actions
after the fact, rather than agreeing on targets and timetables in advance
of any action.

If this seems relatively “squishy” compared to the elegance of legally
binding commitments under the Kyoto Protocol, consider this: The
Bonn and Marrakech agreements in 2001 literally renegotiated the
Protocol targets four years after they were set (Russia, for example,
received an additional 130 million tons in carbon dioxide sink
credits1). The exit of the United States from the Protocol that same year
further left the remaining participants with only a marginal aggregate
commitment – if the Russian Federation and Ukraine sell their excess
emission rights (aka “hot air”) under the Protocol to EU member
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states, Japan, and Canada, those countries would be required to do
very little. Finally, the Clean Development Mechanism (CDM) has the
potential to flood the market with cheap credits – or not – depending
on how the rules evolve. Arguably, the question is not whether an
agreement is squishy, but whether it is explicit.

As we examine a “practical global climate policy,” it will be import-
ant to recognize where the other goals lead. First and foremost, it is
these other goals that bring many stakeholders to the table and give
us an idea about what the longer-term effort might look like.
Architecturally, it is the same as the “act-then-learn-then-act” frame-
work discussed in Nordhaus (1994) except that rather than just learn-
ing about uncertain science and technologies, we also learn about how
policies work and the capacity and commitment of other nations. We
recognize the varied circumstances in different countries, as well as the
difficulty in knowing, up front, how domestic policy processes will
evolve, but we know the system needs to be prodded in certain direc-
tions. This is not an “anything goes” approach, even if the starting
point is not that far from a non-cooperative solution.

What about the agreements suggested by other goals? For most
economists, the defining features of global climate change are that it is
a global environmental externality with uncertain mitigation costs and
consequences. The global nature and the uncertainty have each spurred
valuable lines of research. Economists have contributed to ideas about
global cooperation and emission trading, the comparison of price and
quantity controls, and option value and learning. At the end of the day,
however, the basic message has been to use globally flexible market-
based mechanisms – taxes, tradable quotas with banking, or some
mixture – to best match the expected net benefits of mitigation, and to
do so in the most globally cooperative way.

While much research has also suggested a preference for price-based
approaches, this has not been the historical model applied to climate
change. The basis of the UNFCCC, the structure of the Kyoto Protocol,
and the EU Emission Trading Scheme (ETS) all center on quantitative
limits. But even more than the quantity versus price distinction, the
level of quantitative targets has typically ignored any assessment of
benefits. This follows, in part, from a willingness in the economics
community to focus attention on cost-effectiveness (e.g., minimizing
costs) rather than an unyielding emphasis on the need to balance costs
and benefits. This willingness also recognizes the inherent difficulties
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associated with valuing environmental amenities more generally and
economists’ comparative advantage on the cost side. Climate change
has been no different; while numerous studies have studied costs,
only a handful have examined benefits – to the point where it
receives only a brief mention in periodic assessment reports of the
Intergovernmental Panel on Climate Change (IPCC). As a consequence
of economists being sidelined in the target-setting discussions, much of
the debate has focused on quickly beginning to reduce emissions in
absolute terms and then stabilize concentrations at levels that we will
otherwise exceed in the next forty years.

The emphasis on quantitative limits is all the more remarkable
because it is virtually impossible to tie something like the Kyoto
Protocol emission limits directly to stabilization of greenhouse gases
(GHGs) in the atmosphere at a particular level. That is, the short-lived
nature of the commitments among industrialized countries and the
lack of commitment among developing countries make extrapolation
virtually a guess.2 At the same time, calls for dramatic emission reduc-
tions have, in some ways, backfired in the United States. If such dra-
matic reductions are necessary, the reasoning goes, there is no way to
provide enough of a price signal to the private sector; the solution must
be government research and development – a Manhattan Project, or
Apollo man-on-the-moon sort of effort – ironically the same response
suggested by those who believe the science does not yet warrant
mandatory controls.

Backing up for a moment, a number of assumptions underlie what
was earlier described as the economist’s, the environmentalist’s, and
the technologist’s perspectives. Both the economist’s and the environ-
mentalist’s perspective tend to assume that market mechanisms can be
used to fully internalize an appropriate emission price. This assump-
tion faces near-term opposition in countries like the United States and
longer-term pressure more broadly if developing countries cannot be
convinced (or do not have the institutional capacity) similarly to inter-
nalize the price. It also requires strong international institutions to
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enforce compliance – institutions that may or may not be achievable.
Finally, the technologist makes nearly the opposite assumption, that
government can instead fully incentivize not only technology develop-
ment, but deployment and diffusion as well, without pricing emissions.

What if these assumptions do not hold? What if it proves impossi-
ble to encourage China, for example, to price emissions through
mandatory policies? Or what if the kinds of prices required to achieve
agreed environmental goals in an emissions tax or trading regime are
higher than politically feasible? Conversely, what if the government
cannot subsidize its way to a net-zero emission world? Finally, can we
really expect world leaders to huddle together and negotiate a global
plan, return home, and implement it?

If the arguably negative answer to all of those questions would seem
to be cause for alarm, it need not be. Specifically, it suggests that rather
than a centrally planned global solution of one flavor or another, we
are likely to see a suite of domestic (or sub-domestic) responses that are
gradually prodded and caroused into rough harmonization. And that
is what we do see: the European Union issuing the directive for the EU
ETS, and committing to a mandatory policy, before it is clear that the
Kyoto Protocol will come into force. The northeast United States and
California initiating mandatory policies in the absence of federal direc-
tion. Meanwhile, all the prices we have seen, from the EU ETS, to pro-
posals in Canada, Japan, and New Zealand, are all in the $10–25 per
ton of CO2 range. Autarkic prices upward of $50 per ton of CO2, pre-
dicted by most models in order to comply with the Kyoto Protocol,
have not occurred – suggesting both that treaty commitments have
been trumped by economic concerns and that the potential gains to
trade are smaller. While this may not be the rapid start that many
believe the problem demands, it represents the beginning of a practical
start that is the most likely way forward.

Under these conditions, the value in an international agreement
appears to be in prodding domestic action rather than elaborating
mechanisms for global trading, tax harmonization, or enforcement.
This prodding might come in the form of revisiting quantitative but
nonbinding goals, or it might come in the form of evaluating current
national action and providing consensus feedback. Technology devel-
opment needs to be balanced with immediate efforts to reduce emis-
sions. And, at the same time, industrialized countries are nudged
toward action, developing country activities need to be encouraged in
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a variety of venues – project-based crediting, other financial incentives
for climate-friendly policy reform, and linking climate policy to other
issues including trade, development and security.

The remainder of this paper examines in more detail the lessons
applied by economists and others to the problem of global climate
change, and then revisits the underlying assumptions. The paper then
considers new lessons to be drawn from observations and alternative
assumptions and ends with a suggested architecture for moving forward.

Basic lessons from economics

It is impossible to look at the architecture of the Kyoto Protocol and,
in many ways, not be proud of the influence economic thinking has had
on the policy debate. The Clinton Administration worked hard to
design a global agreement that had the flexibility to achieve its goals at
the lowest possible cost (Aldy 2004). While many were quick to point
out that the emission goals of the Protocol were unrealistic (e.g.,
Nordhaus and Boyer 1999), those critics also failed to appreciate the
subtler assumptions presumed by negotiators: that forestry sinks
would effectively relax the target and that cheap project-based credits
would flow from developing countries. The first of these assumptions
was born out in Marrakech (Babiker et al. 2002; Bohringer 2002); the
second was potentially hinted at during the Conference of the Parties
(COP) 11/Meeting of the Parties (MOP) 1 in Montreal. There, discus-
sions emerged concerning both sector-based crediting as well as credit
for avoided deforestation, both of which could lead to much larger –
if not too large – credit flows (Aguilar et al. 2005).

But even in criticizing the targets, many economists would be rela-
tively happy with the architecture. Countries are free to trade their
emission commitments, just like firms in a domestic emission trading
program. Commitments are fungible across all six greenhouse gases.
Emission commitments are fully bankable and, effectively, borrowable
at a 6 percent rate of interest (technically a country will be out of com-
pliance, but the penalty is repayment in the next, five-year commitment
period with a 30 percent “restoration” rate).3 Project-based credits can
be brought in from developing countries through the CDM.
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The emphasis on flexibility can be traced to the strength of economic
arguments. Studies around the time of the Protocol all described sig-
nificant gains from trading among countries and over time (Wigley,
Richels, and Edmonds 1996; Repetto and Austin 1997). Later studies
emphasized the gains to trading across gases (Hayhoe et al. 1999;
Reilly et al. 1999; Hyman et al. 2003). A particularly influential study
by Weyant and Hill (1999) found that trading among countries with
binding targets under the Protocol cut costs by more than half (versus
autarkic policies that actually achieved their Kyoto targets). Access to
developing country markets cut the costs in half again.

The question of whether the Kyoto target is, overall, too tough has
been mooted by the withdrawal of the United States that, by far, had
the most onerous reduction burden. Most estimates suggest that
without the United States and with the negotiated sink allowances in
Bonn and Marrakech, the effective target is barely binding when taken
as a whole (Babiker et al. 2002; Bohringer 2002). That is, the net
reduction requirements of Europe, Canada, Japan, and others with
binding targets are basically offset by excess allowances held by Russia
and Ukraine (also referred to as “hot air”). This highlights a rather
central question: will countries accept large permit flows among coun-
tries as a mechanism either to achieve lower-cost compliance (or com-
pliance at all) now, or to encourage participation later? The latter
question we will take up momentarily, when we discuss cooperation.
The former remains an open question. Currently, it is unclear whether
the countries of the European Union, Japan, or Canada – that is, those
countries facing the largest shortfalls – will buy excess credits from
Russia, or whether Russia will even sell them (perhaps holding out for
even higher value in future commitment periods). Other studies point
out that emission trading and market-based climate policy more gen-
erally has significant effects on international trade flows, something
that may diminish enthusiasm for significant market-based policies
(McKibbin and Wilcoxen 1997; McKibbin et al. 1999).
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In January 2006, US Senators Domenici and Bingaman spurred a
lively discussion in response to a White Paper question about whether
a proposed US trading program should seek to link with other pro-
grams in the European Union and possibly Canada. Most responses
indicated support for linking systems as a way to lower overall costs.
However, such gains come from a disparity in prices, and some com-
menters also noted the potential problem of linking systems with dif-
ferent prices. Namely, while there is an aggregate gain in both
countries, sellers in the high-price country and buyers in the low-price
country both lose; there may also be concerns in the high-price country
about whether the low-price country is doing enough.4

If the first lesson from the economics literature has been that flexi-
bility reduces costs, the second has been that price-based approaches
are likely preferable to rigid emission limits in terms of economic effi-
ciency. The underlying intuition is that for a stock pollutant like CO2 –
that is, something that accumulates in the atmosphere over hundreds
of years – the contribution in any one year is small. Therefore, the first
ton emitted in a given year is likely to be just as damaging as the last.
In other words, the marginal damages are relatively constant within a
year and generally across several years or even a decade or two.5 This
is likely to be true even if we are unsure about the actual level of those
marginal damages.

On the other hand, costs of mitigation can rise very steeply if emis-
sions are required over short periods of time. And, importantly,
random events like a cold winter, warm summer, dry season (limiting
carbon-free hydroelectric supplies), or swings in economic activity, can
shift the baseline emission level. Typically, we see emission fluctuations
of 2–3 percent on an annual basis in the United States; other countries
see fluctuations as high as 6–7 percent. That means that an otherwise
modest emission cap – say a 1–2 percent reduction from expected
levels – might suddenly become an exceedingly onerous 4–5 percent as
the baseline shifts.

Under these circumstances, price-based mechanisms like an emission
tax provide much-needed flexibility vis-à-vis an annual emission
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trading program (Pizer 2002; Newell and Pizer 2003). Of course, most
trading programs are not entirely annual in that most allow banking
between periods. While arguments have been made that banking can
provide similar flexibility (Jacoby and Ellerman 2004), the reality
remains less certain. For banking to help, you need to either accumu-
late a sufficient bank, be given one to start, or have access to some
amount of borrowing. For example in the NOx budget program in the
United States, extra allowances (a “compliance supplement pool”)
were given out at the start of the program (US EPA 2004b). In the SO2

program, a bank was quickly accumulated (US EPA 2004a). In the
Kyoto Protocol, the use of five-year commitment periods was designed
to facilitate a limited amount of borrowing within five-year blocks.
Borrowing across commitment periods is also technically possible, as
noted earlier, but it is associated with being out of compliance.

While banking and borrowing provisions may provide flexibility,
only a price-based mechanism can provide cost certainty – that is, a
fixed or maximum price per ton of CO2. It is perhaps this feature, more
than flexibility alone, that has led to price-based proposals in Canada,
New Zealand, and most recently the United States. Of course, this cost
certainty comes at a price: emissions uncertainty. Much as Heisenberg
showed the trade-off between certainty about a particle’s location and
its momentum, the debate over prices and quantities shows that we
cannot be certain about both a policy’s cost and its environmental
outcome. Economic efficiency, however, based on relatively constant
marginal damages, argues for cost certainty over emissions certainty.6

A key element in the debate over prices and quantities has been the
observation that you can introduce price-like features into an emission
trading program via a safety valve.7 That is, an otherwise ordinary emis-
sion trading program is complemented by an alternative compliance
mechanism whereby firms can pay a fixed price per ton emitted, rather
than surrendering an allowance. Such a mechanism was first proposed
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in the international context immediately before the Kyoto meeting
(Kopp, Morgenstern, and Pizer 1997; McKibbin and Wilcoxen 1997).
Kopp, Morgenstern, and Pizer argued that this would combine the best
of the price and quantity worlds – preserving the distribution of rents
associated with a trading system but providing the cost-certainty of a
fixed price. However, this proposal was roundly rejected by environ-
mental advocates.8 Eight years later, while the idea for a safety valve
gains momentum in the United States, it continues to face opposition
from environmental groups.9

If the economists’ trading suggestions were broadly accepted, and
the price-based approach is being hotly debated, the last area of eco-
nomic research on climate change, into climate benefits, cooperation,
and coalitions has been generally ignored in policy circles. While not
as extensive as the work on mitigation costs, there have been a number
of efforts to monetize mitigation benefits (see, for example, Smith and
Tirpak 1989; Cline 1992; Mendelsohn, Nordhaus, and Shaw 1994;
Nordhaus 1994; Fankhauser 1995; Tol 2005). Interestingly, while the
IPCC devoted enormous attention to studies of mitigation costs (that
is basically the task of the entire Working Group III report), estimates
of mitigation benefits literally cover a few pages in the second, third,
and fourth assessment reports.

Still, other economists often use these benefit assessments to examine
why different countries and regions might join a climate change agree-
ment. These economists typically consider two questions: based on the
costs and benefits of mitigation, is an international agreement profitable
relative to no cooperation, and is it stable in the sense that each partici-
pant has an incentive to remain in the agreement versus free riding
(Carraro 1999)? Many analyses argued, for example, that the Kyoto
Protocol was not profitable for the United States (Nordhaus and Boyer
1999). From a rational point of view, however, we need not only prof-
itability but stability. Without this, individual parties to the agreement
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18 An October 8, 1997, letter to the President from seventeen environmental
groups stated that “Such a mechanism would undermine the credibility of the
entire treaty process, and . . . would weaken, if not eliminate, any incentive for
private sector innovation and investment . . .”

19 Bingaman’s filed amendment S.A. 868 to the 2005 energy bill contained a safety
valve mechanism based on NCEP (2004). Yet comments on the recent
Bingaman–Domenici white paper (see footnote 4) from the Pew Center on Global
Climate Change, Natural Resources Defense Council, and Environmental
Defense, all argued against a safety valve.



will consistently have incentives to deviate from their commitment (and
“free ride”). A key feature in international agreements, relative to
domestic policies, is their inherently voluntary nature.

The message from this literature is that a self-enforcing agreement
on mitigation is very hard. As an alternative, one might consider tech-
nology cooperation (Barrett 2001; Carraro and Buchner 2004). The
arguable advantages are that, unlike mitigation where the benefits are
non-excludable and everyone shares the improved climate, technology
cooperation yields benefits that could be limited to participants;
namely, appropriable knowledge. This provides greater stability in the
agreement because deviating from the commitment means forgoing the
technology benefits. The problem in the end, however, is that technol-
ogy incentives alone are typically not enough to encourage mitigation
(Fischer and Newell 2005).

Why has this work on cooperation, unlike the work on trading and
instrument choice, been largely ignored in policy debates? To a large
part, it is because this work is not particularly constructive – explain-
ing why cooperation is so hard, not how to make it happen. The sug-
gestion for a technology approach, while more rational, is also shown
to have lower environmental benefits than even the current Kyoto
approach in the absence of the United States and developing countries.
Advocates and proponents of actions do not see this as a desirable
direction.

Even if advocates find little value in economists’ work on coopera-
tion, the question remains, why have economic analyses of mitigation
benefits not been used to justify action? The estimates have not only
found a weak response in the IPCC, but are almost never used by advo-
cates to argue for action. The answer, it seems, lies in how the problem
is going to be framed.

Safe levels or marginal analysis

While economists are happy to put dollar values on virtually every-
thing in order to make trade-offs, the rest of the world has yet to catch
on. Environmental advocates, among others, have preferred to estab-
lish absolute standards for safety – standards below which conse-
quences are acceptable and beyond which they are not. This is the basis
for the 1970 Clean Air Act in the United States, and this is the basis for
the UNFCCC. Most economists, in response, have tended to go along
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with the program, focusing their energy instead on achieving the stan-
dards at the lowest possible cost rather than battling over the level of
the standards – or whether there should even be standards (e.g., versus
prices).10

The 1970 Clean Air Act, for example, requires that air quality
standards be set at levels sufficient to protect the public health. Legal
challenges have elaborated that costs cannot enter into the standard
setting process (Ross 2001). Regulations are then put into place that
create progressively more-expensive control requirements depending
on whether a region meets the standards or not. Various standards
for new sources as well as retrofits for old sources enter the mix,
although at this point the commercial availability of a technology
becomes relevant. Sources are generally not asked to do something
that is infeasible.

Thanks in large part to two decades of encouragement from econo-
mists, a significant improvement to this approach came with the 1990
Clean Air Act Amendments, which introduced emission trading. A
national SO2 cap (and regional NOx cap) were used to achieve the
standard everywhere, while providing considerable flexibility to
sources. Required benefit–cost analyses of these regulations reveal that
the benefits substantially outweigh the costs (US EPA 1999) – a some-
what amusing result given that the required benefit–cost analysis is not
allowed to play a role in the initial setting of the policy-driving stan-
dard. Other government analyses suggest that marginal benefits con-
tinue to exceed costs (US Office of Management and Budget 2000).
Even more interestingly, epidemiological evidence suggests that health
and mortality continue to improve with lower and lower levels of fine
particulates in almost a linear manner with no evidence of a “safe”
threshold (Pope 2000). Despite our desire to ignore benefit–cost trade-
offs in the law, nature may not cooperate.

Nature seems to be cooperating even less on climate change. With
indications of climate change already occurring (IPCC 2001), it is even
harder to argue that safe levels exist – on top of the economic argu-
ments for stock pollutants presented earlier. Yet, the rhetoric and
emphasis on safe levels persists in the public debate. Why?
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have argued for more emphasis in balancing costs and benefits but does reflect
the relative weight in the published literature.



My guess is that arguing about the valuation of a long list of climate
change consequences is less engaging than arguing about how clean,
safe, or unspoiled we want the environment. For example, one of the
best recent surveys of benefit estimates suggests a likely marginal
benefit of about $15 per ton of CO2 (Tol 2005). Within that best guess,
however, there is uncertainty ranging from negative values (i.e., bene-
fits), to prices many times higher. Does an advocate want to argue
about the correct valuation being $100 per ton, or argue about
whether atmospheric concentrations of 550 ppm (parts per million) is
sufficiently safe versus 450 ppm? It is against this backdrop, where
economists have had little success suggesting marginal valuations
associated with incremental climate change, that cost-effectiveness
analysis has flourished.

An important consequence of shifting the debate from marginal ben-
efits to safe concentration targets, however, is that it spurs new debates
about the timing of emission reductions. If new, inexpensive mitigation
technologies are around the corner, would it not be better to wait and
use them rather than more-expensive efforts now? Further, a concen-
tration target indicates a zero-emission future, perhaps soon. Would
we not be better off investing resources in zero-emission technologies
rather than short-term mitigation efforts? For example, switching from
coal to natural gas reduces emissions by half, but not to zero. Is that
not a waste of resources compared to investment in zero-emission tech-
nologies that will eventually be cheaper? In economic terms, a price
path that falls over time for an exhaustible resource cannot be
optimal.11

Montgomery and Smith (forthcoming) consider an interesting exten-
sion of this line of thinking, namely, that zero-emission technology
development can not be encouraged through market-based emission
policies. They argue that while emission trading, for example, has been
effective at finding the cheapest mitigation opportunities among exist-
ing options (across existing technologies and sources), as well as
spurring innovations that have immediate cost reductions, its potential
success at incentivizing innovation in the climate change context is
unclear. In particular, they argue that the required innovations will take
much, much longer, and, more importantly, that when the innovation
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is realized, there will be strong pressure on the government to reduce
allowance prices to the minimum necessary to marginally encourage
technology adoption. This minimum price may be considerably less
than the price required to spur innovation, thereby creating a dynamic
inconsistency: they need to threaten the market with high emission
allowance prices in the future in order to spur innovation, while every-
one knows that when the innovation arrives the price will, in fact, not
be high. In their discussion, they draw analogies to work on vaccine
innovation by Kremer (2001), who argues that similar dynamic incon-
sistencies lead pharmaceutical companies to put few resources into
vaccines for malaria and other Third World diseases.

While Montgomery and Smith are frequently interpreted as arguing
against near-term mitigation, a careful read indicates they are arguing
against mitigation beyond what is justified in a marginal benefit-cost
analysis. Yet the basic message is, if you are really concerned about
breaching a concentration threshold, focus on technology policy, not
mitigation – ironically, the same message we hear from stakeholders
generally viewed as less concerned about climate change. In any case,
this is also where, we noted before, economists looking at stable
coalitions end up: technology agreements. Viewed another way,
Montgomery and Smith may not be that far off – concluding that emis-
sion pricing alone will likely be unsuccessful – but jump to the equally-
likely-to-be-unsuccessful suggestion that technology policy alone is the
answer.

Underlying assumptions and observations

The previous section tried to sketch out the goals stylistically associ-
ated with the economist, the environmentalist, and the technologist.
That is, maximizing net benefits for the economist, avoiding danger-
ous levels of atmospheric greenhouse gases for the environmentalist,
and developing and deploying zero-emission technologies for the tech-
nologist. It is now useful to separate out key assumptions underlying
these perspectives, and test them – where possible – against what we
observe.

For the economist, advocating a global carbon tax or emission
trading program, two assumptions loom large: cooperation and capac-
ity. Cooperation need not be global, but needs to include major emit-
ters, such as China and India. As was evident in Montreal at the
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COP/MOP meetings, developing countries are steering clear of com-
mitments. There is a tendency among economists to reduce this to a
question of incentives: It is just a matter of making China and India a
good enough offer, in terms of extra allowances for growth or side pay-
ments in one form or another, to institute a binding policy. Bradford
(2002), for example, calls for allocating all countries their business-as-
usual emissions, and then having a global agency purchase allowances
to create scarcity. Who could argue with that?

The problem is that developing countries may not see accepting a
limit on their carbon dioxide emissions – essentially their use of fossil
fuels – as a reasonable trade-off at any price.12 More to the point, there
is also a limit to the willingness of industrialized countries to pay a high
price, perhaps even more so if it is paid in a very decentralized way
(versus subsidizing technologies produced by the industrialized coun-
tries themselves). At the end of the day, if developing countries become
sufficiently concerned about climate change, some arrangement should
be possible. However, the question for economists is, what do we do
in the mean time?

While the preceding point suggests that cooperation among all major
emitters is unlikely in the near term, it is worth noting that many
countries seem willing to take steps even without cooperation. The EU
ETS was established prior to the Kyoto Protocol coming into force
and without any comparable action (yet) by other countries (see Table
7.1). Within the United States, various states have begun establishing
mandatory programs, despite inaction by other states and the Federal
government. In other words, the argument that a binding international
agreement is necessary for action, spurred by inaction under the origi-
nal UNFCCC, appears to be missing something. Perhaps some regions
collectively place a sufficiently high value on environmental amenities to
justify unilateral action (or action they believe will inspire others to act).
Or, perhaps they are sufficiently altruistic to internalize the externality
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12 There is a useful analogy to the plight of coal mines and mineworkers. Plenty of
studies have shown that it would be relatively cheap to pay them to shut down
(Bovenberg and Goulder 2001). Yet, in conversations with mining companies
and mineworkers, they are less than enthusiastic about giving up their business
and way of life in exchange for a government promise of its cash value. Similarly,
developing countries may be reluctant to give up the tried and true approach to
economic growth – freely burning fossil fuels – in exchange for industrialized
country promises of allowance revenues or side payments.



of their actions. In any case, it is this observation – that mitigation efforts
transpire despite the absence of a binding international agreement – that
suggests that a global agreement designed in the style of domestic pro-
grams may not be necessary, at least as a first step. That is, an interna-
tional agreement may be able to seek action from nations without,
initially, establishing exactly what reciprocal actions by other nations
will look like.

Distinct from the issue of whether countries want to cooperate is
whether and how they can; that is, their capacity. Bell and Russell
(2002) argue that the institutions necessary for market-based environ-
mental policy – monitoring, enforcement, and effective legal systems –
are unlikely to be up to the task in developing countries.13 And, some
countries may have strong preferences for certain policy designs –
whether they are taxes, emissions trading, or (ideally tradable) stan-
dards. Trying to design a globally harmonized system using a single
mechanism may not work.

Finally, it is worth noting that the economist approach also assumes
we need an international agreement to equalize marginal costs. That is,
we need either international emission trading or a negotiated price. An
interesting observation is that among many of the domestic programs
established or proposed so far – for example, the New Zealand tax, the
Canadian safety valve, and the EU ETS – all are in the $15–25 per ton
range (excluding an early 2006 run-up in the EU ETS price).14 This is
true despite the fact that, at those prices, none of these countries would
expect to achieve their Kyoto commitments (without government offset
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13 International emission trading is particularly troublesome in developing coun-
tries because both firms and the government have an incentive to cheat (thereby
sticking it to purchasers in industrialized countries who get bogus reductions).
Harmonized taxes are better, in that the developing country government has an
incentive to collect. Standards that can be enforced during production (e.g.,
energy efficiency) are much easier to enforce than trading or taxes that require
continuous emission (or energy use) monitoring. In particular, they can be
enforced if industrialized countries provide the technology themselves (e.g.,
Integrated Gasification Combined Cycle [IGCC] or other high-efficiency gener-
ation technologies).

14 This interpretation of a similarity among observed prices contrasts with the
interpretation David Victor offers in his chapter. The difference is that here the
point of departure is the previous analyses (e.g., Weyant and Hill 1999) sug-
gesting much higher autarkic prices to achieve Kyoto targets. Prices may be dif-
ferent, but not nearly as much as would be the case if nations were establishing
domestic programs to achieve the Kyoto targets.



purchases of one form or another). This suggests that, even in the
absence of an international agreement, there may be a natural tendency
for policies to converge in marginal cost. The New Zealand program,
in particular, specifically referenced allowance prices in the EU ETS as
a guidepost for setting their domestic tax level.15 In other words, coun-
tries care more about costs than the Kyoto architecture and commit-
ments suggest.

Moving next to the environmentalist perspective, that goal – to limit
atmospheric concentrations to safe levels – translates into emission
limits, imposed one way or another. On the ground, we have seen the
Kyoto Protocol, the EU ETS, and proposals in the United States, such
as McCain–Lieberman and the Regional Greenhouse Gas Initiative
(RGGI), all supported by the environmental community. Underlying
this approach are assumptions that it is okay to move ahead, at least
for now, with emission limits in some countries or regions only, that
those emission limits will serve to both reduce emissions and spur
needed technology development, and that perhaps these actions by
some countries will spur actions by others.

Three concerns work against these assumptions. The first is leakage –
that is, emission reductions mandated in one region “leaking” out into
other, unregulated regions. In cases like RGGI, where there is a regional
cap on the power sector, and power is freely traded with regions that are
not regulated, leakage can be as high as 90 percent (ICF Consulting
2005). More moderate estimates for leakage rates under the Kyoto
Protocol are around 5–20 percent, with the caveat that stricter targets
tend to lead to higher leakage rates (IPCC 2001).

The second, related, concern is competitiveness. This was the
explicit rationale behind the US Senate’s Byrd–Hagel resolution (US
Senate 1997) and led the National Commission on Energy Policy to
recommend a price cap on any US emission trading program (NCEP
2004). The concern also motivated a recent analysis of the EU ETS,
which found that while four of five industries studied did not face a
competitiveness problem – and might even increase profitability – the
one exception was aluminum smelting, where firms would be expected
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doning its plan for a carbon tax and would instead pursue a domestic emission
trading program. Recent reports indicate that Canada may or may not continue
with its plan for a domestic trading program with a safety valve (Ambrose 2006). 



to exit the EU market (Grubb and Wilde 2004). Of course, concern
over environmental regulation affecting firm production decisions is
nothing new, and historical data has suggested only a small effect
(Copeland and Taylor 2004). Nonetheless, it continues to be a con-
tentious issue as manufacturing jobs shift overseas, even if driven by
other factors.

Finally, connected with the preceding concerns as well, there is the
issue of certainty with respect to future emission prices; for example,
both the Kyoto Protocol and the EU ETS have an uncertain future
post-2012. At the same time, energy sector investments last for long
periods of time, and energy technology development even more so.
Consequently, decisions in the face of an emissions pricing regime
hinge not only on current prices, but on expectations about prices in
the future. In the United States, for example, even the more conserva-
tive utility companies are making decisions about new power plants
with a non-zero price of CO2 assumed in the future despite the absence
of any price now.16 Meanwhile, carbon-saving energy investments in
Europe face obstacles because of uncertainty about future prices
(Gagnier 2005). The idea that emission limits will encourage new
private sector technology development depends not only on the poli-
cies achievable now, but on the ability to give key stakeholders confi-
dence that the policies will continue. Failing to address the earlier
concerns about leakage and competitiveness erode that confidence.

All of these challenges suggest that the achievable price signal for
technology development could likely be less than the desired price
signal. Clearly, market-based mitigation policies like taxes and emis-
sion trading create an incentive to pursue new technologies – the
question is whether it is enough and, if not now, whether an emis-
sions pricing mechanism can be sufficiently ratcheted up over time
given these concerns. To that, we add the further observation that
there is, indeed, a second market failure that discourages technology
development (Jaffe, Newell, and Stavins 2005). The private sector
broadly underinvests in research and development because innovators
typically are unable to fully appropriate the value of their inventions.
A new technology that benefits society $100 may only benefit the
innovator $20.
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Taking this to an extreme position, we are led to the last perspective
we have associated with the technologist. Unlike the preceding exam-
ples, that have presumed some form of mandatory controls to spur
action, here the assumption is that government subsidies and incentives
can lure companies to develop and deploy new carbon-saving technol-
ogy. Montgomery and Smith (forthcoming) have emphasized this
approach as a way to deal with potential time inconsistencies in the
kind of mandatory policies necessary to spur technology development;
it is also the approach embraced by the Bush Administration (White
House 2002). More recently, it is the basis of the Asia-Pacific
Partnership (US Department of State 2006).

Recent work suggests that emphasis on technology development is
far less important than emphasis on technology use, in terms of pro-
viding cost-effective emission reductions (Fischer and Newell 2005).
Subsidizing use is not only expensive, it also faces regular obstacles as
governments must raise revenues to pay for the program (unlike emis-
sion trading programs or emission taxes that may generate revenue).
The US experience with the production tax credit for renewable energy
is a case in point: Congress renews the program for two years at a time;
it has lapsed at times in the absence of funding; and, as a consequence,
there has been a boom-and-bust cycle of technology deployment with
the net effect being unclear. More specifically, given the magnitude of
the challenge associated with climate change – eventually replacing
conventional fossil energy with non-emitting alternatives – it seems
unlikely that government technology programs alone will be sufficient,
even if technology programs do play an important role.

Current national responses

One of the most interesting and revealing features surrounding climate
change policy is the enormous range of domestic responses that have
been implemented or proposed. Before considering the structure of an
international agreement – which is inherently made up of a collection
of domestic responses – it is useful to look at some of these responses
in more detail. Table 7.1 provides an overview for all of the Annex B
countries (e.g., countries with targets under the Kyoto Protocol). Five
countries (or groups of countries), in particular, are worth looking at
because of their variety of policies or proposed policies: the European
Union, New Zealand, Canada, Japan, and the United States.
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Table 7.1 Summary of actions by Annex B countries

Australia* Voluntary programs; state actions
Austria EU ETS
Belgium EU ETS
Bulgaria EU ETS (preparing to join)
Canada Intensity-based trading program�safety valve;

on hold in 2006
Croatia EU candidate
Czech Republic EU ETS
Denmark EU ETS
Estonia EU ETS
European Economic EU ETS

Community
Finland EU ETS
France EU ETS
Germany EU ETS
Greece EU ETS
Hungary EU ETS
Iceland EEA member**
Ireland EU ETS
Italy EU ETS
Japan Voluntary programs, tax incentives; discussed 

taxes and trading
Latvia EU ETS
Liechtenstein EEA member**
Lithuania EU ETS
Luxembourg EU ETS
Monaco
Netherlands EU ETS
New Zealand Dismissed taxes in 2005, considering 

trading in 2006
Norway Emissions trading and taxes / EEA member**
Poland EU ETS
Portugal EU ETS
Romania EU ETS (preparing to join)
Russian Federation Exploring ways to channel AAU sales to 

“green investments”
Slovakia EU ETS
Slovenia EU ETS
Spain EU ETS
Sweden EU ETS



With the exception of a few, limited, carbon tax programs in certain
EU countries prior to 2003, the EU ETS is the first example of manda-
tory climate change mitigation policy in effect in the world. It stipu-
lates an absolute cap on covered sources, which include the power
sector and several energy-intensive industries (refining, paper, etc.).
Like the NOx program in the United States, member states in the EU
are responsible for allocating allowances. Unlike the US program,
however, member states are also responsible for setting their actual
cap level. National allocation plans (NAPs) are proposed and then
approved by the EU Commission. Importantly, NAPs must convey
how limits on sources in the ETS, coupled with other national actions
for non-ETS sources, will achieve the country’s Kyoto commitment. So
far, we have only seen plans that deviate slightly from business-as-
usual. The real test will be in later in 2006, when member states submit
plans for the actual Kyoto compliance period. Plans for the initial,
warm-up phase presumably were subject to more lenient interpreta-
tions.17

At the other end of the spectrum of mandatory policies, New
Zealand was on track until December 2005 to implement a CO2 tax to
have started in 2007. The government announced, in 2002, that they
would implement an economy-wide carbon tax that would approxi-
mate the international price of emissions, but no more than NZ$25
(US$15) per ton CO2. Energy-intensive industries that faced interna-
tional competition would be allowed to enter agreements to avoid the
tax, and agricultural methane and nitrous oxide (which accounts for
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climat/emission.htm.

Table 7.1 Summary of actions by Annex B countries (continued)

Switzerland
Ukraine
United Kingdom EU ETS
United States of America* Voluntary programs, tax incentives; state 

actions

Notes:
* not intending to ratify.

** European Economic Area. May join EU ETS under common directive.



more than half of total NZ GHG emissions) would be excluded
entirely (Hodgson 2002, 2005). The initial level of the tax was to have
been NZ$15 (US$9) per ton CO2. Japan similarly considered a carbon
tax during internal government discussions, at a level of ¥2,500–3,000
per ton of carbon (e.g., $6–7 per ton CO2), but did not put it forward
as a government position.18

In the middle sits Canada. Canada announced plans for a Large
Final Emitter (LFE) trading program in April 2005 for the oil and gas,
thermal electricity, mining and manufacturing sectors. The program is
based on intensity targets; that is, the emission limit for firms is indexed
to industry output. Further, the program has a C$15 (US$13) per ton
CO2 safety valve. That is, Canadian firms can always buy extra
allowances in the domestic program at C$15 to meet the target,
thereby providing a cost cap to firms. Of course, this does not comport
well to the Kyoto Protocol, which includes neither an index to output,
nor a safety valve. However, it does represent a compromise – perhaps
a necessary compromise – between industry taking on a mandatory
emission program while leaving the government responsible for
meeting the specifics of the Kyoto Protocol. In any case, concerns about
the LFE program comporting with Kyoto have been dwarfed by con-
cerns that Canada will not even implement the LFE program. In March
2006, after the government changed parties, the environment minister
indicated in a letter to a Toronto newspaper that emission trading may
be part of an eventual strategy to reduce greenhouse gas emissions
(Ambrose 2006).

And where is the United States? Aside from mandatory efforts at the
state level, which are generally seen as vehicles to spur federal action
rather than ends unto themselves, there has been a slew of proposals
in the US Senate. These include economy-wide proposals put forward
in the 109th session by Senators McCain and Lieberman and by
Senator Feinstein, as well as proposals focused on power plants put
forward in the 108th session by Senators Jeffords and Lieberman,
Senator Carper, and Senators Smith, Brownback, and Voinovich. All
of these feature the traditional cap-and-trade architecture, though with
differences in coverage, the cap level, and opportunities to use offsets
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from different sources (e.g., agricultural projects, international pro-
jects, etc.). Perhaps most interesting, however, was a proposal put
forward by Senator Bingaman, then ranking (Democratic) member of
the Energy and Natural Resources Committee during a flurry of
amendments to the 2005 energy bill. The proposal is interesting
because it has garnered interest from Senator Domenici, then the chair-
man (highest ranking Republican) of the committee. While the pro-
posal was not submitted for a vote in the 109th session of Congress,
the two senators jointly held three hearings after the debate over the
energy bill and their dialogue suggested the basic structure of the pro-
posal could be correct.

What is that structure? Essentially, Senator Bingaman proposed a
very modest emission trading program with a $7 per ton of CO2 safety
valve that escalates 5 percent per year starting in 2010 (US Senate
2005). The level of the cap is designed to be a growth cap for ten years,
then flatten out in 2020. Rhetorically, the cap is defined in terms of
intensity, but in practice it would be translated into an ordinary cap
and the allocations would not change as output fluctuates.19 An impor-
tant part of the formula is a review, starting in 2015 and continuing
every five years thereafter, to examine actions by other major emitters
and trading partners and to make adjustments to the program based
on that evaluation. These features, while riling environmentalists
unhappy with the safety valve, and riling industry stakeholders
unhappy with the notion of any mandatory program, actually proved
relatively uncontroversial among senators like Domenici. The problem
has been the further details surrounding point of regulation, allocation,
and offsets (hence the White Paper questions referenced at the begin-
ning of this paper).

Lessons and architecture

What can we learn from all of these actions and inactions? At least three
things. First, a binding international agreement is neither necessary nor
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19 As specified in the filed amendment, the intensity target from 2010–2019 would
be translated into an ordinary cap based on the GDP forecast of the Energy
Information Agency (EIA) at the time of a rulemaking prior to 2010. That cap
would not be adjusted as actual GDP varies from the original forecast. A new
GDP forecast would be used prior to 2020 to compute the 2020–2024, and every
five years thereafter.



sufficient for domestic actions. The EU initiated their trading program,
via a 2003 directive, before it was clear Kyoto would come into force.
While existence of the Kyoto Protocol was clearly an important influ-
ence on the EU decision, it is not clear that a binding commitment was
the critical element. Perhaps a more convincing example of the poten-
tial for domestic action in the absence of international agreement is the
United States, which seems poised to take some mandatory action in the
near future without an international commitment. In fact, arguably
the last thing that will motivate the United States is a binding interna-
tional commitment on the United States. Meanwhile, countries inside
Kyoto – Japan, Canada, and New Zealand – are all struggling to
produce mandatory programs despite their commitments. Why this is
the case, that at least initially some countries are willing to act unilat-
erally, is an interesting question but less relevant for the immediate
design of an international program.

Second, whatever action a country takes, the form of that action is
likely to be dictated by domestic features and forces. The form of a
New Zealand policy is undoubtedly shaped by the relative share of
agricultural emissions in their inventory. In the United States, com-
ments on the Bingaman–Domenici White Paper were surprisingly
favorable to an upstream program – something that has been eschewed
in Europe.20 Meanwhile, we have seen evidence that voluntary pro-
grams in some parts of the world – particularly vehicle efficiency stand-
ards in Europe and Japan – may work.21

Third, even without formal mechanisms to equalize marginal costs
across countries – e.g., international trading or a single, agreed upon
tax rate – various forces seem to keep those costs in line. For example,
we saw the explicit linkage of the New Zealand tax rate to the inter-
national permit price. We have also seen that none of the domestic
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20 An upstream program would regulate producers of fossil fuels based on carbon
content of those fuels versus a downstream program that regulates fossil energy
users based on emissions. With adjustments for imports, exports, and seques-
tration, the upstream, carbon content-based approach is equally effective
because the eventual emissions associated with a fossil fuel – coal, oil, or gas –
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prices – observed in the EU ETS or specified in the Canadian, New
Zealand, or Japanese proposals – approach the high autarkic prices
suggested by analyses of what would happen if countries sought to
meet their Kyoto targets on their own. By extension, the expected gains
to linking existing and proposed domestic systems are likely to be sig-
nificantly less than those suggested by generic analyses of trading
among Annex I parties under the Kyoto Protocol.

When we sit down to design an international climate agreement,
therefore, we need to recognize that domestic circumstances and
opportunities differ; that, at least right now, at the beginning of a
perhaps century-long global effort to address climate change, binding
emission limits, prices, or standards are unlikely to be helpful; and that
formal mechanisms to equalize marginal costs (at this initial phase) are
less important for efficiency than suggested in the literature. Instead,
we should encourage countries to make some commitment to manda-
tory action, and focus our energy on a clear commitment to evaluate
what actually happens. Bodansky et al. (2004) refer to this as a policy-
and-measures approach (or sometimes, pledge and review). Here mea-
sures means both steps to be taken, as well as metrics for evaluating
action.

An important point to realize is that the influence of this approach
need not be any less than under a Kyoto-style targets-and-timetables
approach. Whatever compliance and enforcement mechanisms one can
dream up for the targets-and-timetables approach could be applied
with equal vigor to a policy-and-measures approach. The difference is
that all the work is on the front end for the timetables approach –
picking the target – while all the work is on the back end for the policy-
and-measures approach – evaluating action. Given experience at the
COP/MOP in Montreal, where discussions of post-2012 targets are
already hung-up on what to do about developing countries, it may even
be the case that the possibility of again negotiating Kyoto-style targets,
following national experiences with the first set of targets, is vanish-
ingly small.

After working through this balancing act of prodding domestic
action without either overreaching or achieving nothing, there are two
more necessary elements in a global climate agreement that fall out of
our discussion: attention to developing countries and technology.
Developing countries need to be engaged on as many levels as possible.
This follows from the observation that while there is a tendency of
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economists to assume developing countries can be cajoled into joining
a global market-based solution through side payments or generous
allowance allocation, that does not appear to be the case in practice at
the current time (and even if they were cajoled, their capacity to
implement market-based policies is suspect). It also follows from the
observation that, with global trading, unquestionably the largest
source of cheap reductions would be developing countries – meaning
they cannot be ignored. So, until both their interest and capacity match
that of the industrialized countries, we need to consider practical
policies that will reduce emissions in developing countries as cost-
effectively as possible.

The approach under the Kyoto Protocol involves the Clean
Development Mechanism – in theory, a sensible market-based approach
for projects in developing countries to earn credits that can be used to
meet the Kyoto or EU ETS targets. However, there is considerable
controversy about whether it is working. While slow to ramp up, as of
April 2006 there were 161 registered projects, 4.5 million issued credits,
and 340 million credits slated to be issued from registered projects
through 2012 (UNFCCC 2006). There are more than a billion more
credits associated with other projects in some phase of design. For ref-
erence, the surplus (e.g., extra allowances above what they need)
expected in Russia and Ukraine is about 4 billion tons over the first
commitment period (Babiker et al. 2002). A large supply, yes, but not
large compared to the Russian surplus. What is also remarkable
about the supply of CDM credits is the make-up: Roughly half are
HFC23 projects; another sixth N2O. That leaves about a third as
energy-related projects (Victor 2006). Whether these metrics suggest
modest success, or not, is somewhat in the eyes of the beholder.22 Critics
say this is too little action in the wrong sectors, or point to the inherent
problem of establishing baselines for individual projects (suggesting
that these reductions are not “real”); proponents say this is just the
beginning.

My interpretation is that the CDM progress is fine so far – but that
we need to consider more avenues to engage developing countries. Two
proposals were discussed at the COP/MOP meetings: sector-based
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crediting and credit for avoided deforestation. In the current environ-
ment, both have the capacity to inject a large number of credits into
the system and may represent too much supply.23 In the longer term,
however, I believe they represent two of three useful directions. First,
there needs to be a willingness to encourage developing country policy
reforms at the sectoral level. Whether we are talking about efficiency
standards, energy market reform, or other carbon-saving initiatives in
developing countries, there should be incentives on the table. This
might be a package of sector-based credits, or it might be linked
progress in other areas of national interest (e.g., trade or technology).
Second, I believe there needs to be a more flexible approach to project
crediting that moves away from ton-for-ton accounting. Credit for
avoided deforestation is one idea, but the broader approach would be
to standardize projects that are desirable, ideally (but not necessarily)
keeping the right incentive at the margin. For new technologies where
there are likely to be learning spillovers, or for projects with other
co-benefits, the incentive could be higher. The finicky approach to base-
lines in the CDM needs to be replaced with a more streamlined, though
perhaps not as environmentally pure, approach.

Finally, Victor (2006) also makes the point that even more than pro-
jects and sectoral policies, major infrastructure deals have the poten-
tial to alter emission trajectories dramatically. If Russia, for example,
could be encouraged to pipe gas to China, the potential emission reduc-
tions from less coal use in China could match the reductions attribut-
able to the entire EU ETS over the next decade. Such deals are unlikely
to happen under a purely climate-focused initiative, but approaching
major developing countries about such choices, and looking for ways
to move them along, ought to be a key element of an effort to engage
developing countries.

The last part of a global climate agreement needs to recognize the
undeniable role of technology policy – not as a substitute for mitiga-
tion policy, as in the stylized technologist’s perspective, but as a com-
plement. The motivation for this is the earlier observation that, for a
variety of reasons, prices and/or price expectations may continue to be
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lower than the risk of climate change warrants. Further, there are
market failures in the area of innovative activity more generally. Two
directions for including technology in an international agreement
emerge. One would be a cooperative technology agreement where
countries agree to develop new technologies jointly and share in the
benefits. As several authors have noted, this is likely to be a more suc-
cessful cooperative effort, versus mitigation, because there are clear
benefits to be shared and a loss associated with defection from the
group. But even if countries are not interested in explicit cooperation,
there should be an explicit recognition that technology development is
one of the measures against which national action will be evaluated.
While it cannot substitute completely for a mandatory mitigation
program, a technology development and deployment program should
be part of each country’s mix and, at the margin, be allowed to trade
off for some mitigation effort when scrutinized under an international
agreement.

The key suggestions in this chapter – flexible commitments, a focus
on technology and developing country engagement, and a clear process
for evaluating national actions – could be implemented in a number of
equally effective ways. For purposes of completeness, I will briefly
outline one way.

First, nations sign an initial agreement that includes specific policy
commitments in key countries (major economies and major emitters).
The commitments are nonbinding and can be of any form – emission
targets (absolute or intensity), prices, standards, technology develop-
ment, or projects in other countries. Countries would presumably use
their own commitments to leverage commitments from other coun-
tries, but there would be no minimum commitment.

Second, the agreement creates a common authority for generating
project-based credits in regions of the world (or segments of economic
activity) where mandatory policies are not currently in effect – e.g.,
CDM/JI. The agreement would streamline the current approach to
encourage desired activities (e.g., key technology diffusion, avoided
deforestation) without necessarily emphasizing ton-for-ton account-
ing. It would allow developing countries to receive credits for major
emission-saving policy reforms.

Third, nations would be free to choose when and whether to link
domestic policies. All nations would be encouraged to make the com-
mon credits (described above) fungible with any domestic requirement.
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Fourth, the agreement would specify rolling, five-year reviews of
national policies, modeled after the Organisation of Economic Co-
operation and Development (OECD) country review process (each
year, one-fifth of participating countries would be subject to the five-
year reviews while all countries would receive a brief, updating review).
The reviews would focus on three areas: mitigation and mandatory
policies to incentivize emission reductions; technology development
and programs to speed the development and deployment of climate-
friendly technologies; (for industrialized countries) developing country
engagement to encourage linked “deals” that simultaneously reduce
emissions and achieve other goals (security, growth, or other environ-
mental benefits):
• Mitigation policies would be evaluated using a variety of metrics,

including emission levels, emission rates, emission prices, expendi-
tures, and efficiency. Emissions relative to historical levels would be
only one part of the measure.

• Technology policies would be evaluated on the basis of both spend-
ing and tangible progress in development and deployment. Measures
would focus on absolute levels, rates, trends, and efficiency.

• Developing country engagement would be evaluated in terms of
spending and tangible progress, including policy reforms, infra-
structure projects, and technology transfer.
Fifth, countries would meet annually to discuss the reviews, provide

feedback, and adjust their commitments. Every five years, there would
be a major round of reviewing progress and re-setting commitments.
Countries would be held accountable for their progress or lack of
progress. However, rather than attempting explicitly to punish coun-
tries who fall behind, the consequences would be implicit in their lack
of leverage in the negotiations, the weaker reciprocity from other coun-
tries, and perhaps the public shame provided by the discussion of their
status.

Sixth, participation would be based on a willingness to make a
threshold commitment to climate policy. Escalating commitments
would be driven by bilateral and multilateral pressure for reciprocity,
as well as linking climate to other issues, particularly in developing
countries. Decisions to explicitly strengthen the obligations would be
addressed at a later time.

It is worth noting that while this description could quite easily
accommodate the status quo in terms of existing national policies, it
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includes one key difference: A regular and persistent mechanism to
prod countries toward stronger domestic policies through periodic
evaluation and commitment exercises. Rather than the current
UNFCCC/Kyoto process, where annual negotiations are an opportu-
nity to disagree over international policies, the proposed process would
have annual meetings that allow scrutiny of national policies.

Conclusions

The focus of this paper has been to motivate and describe a pract-
ical global climate agreement. There are a number of arguments for
tidier arrangements: the economist’s benefit–cost analysis, the environ-
mentalist’s concern over safe concentration levels, or a technologist’s
technology-driven view of the world. While each of these leads to
certain conclusions about the desired form of a global agreement, they
also rest on assumptions that, at least currently, are challenged by real-
world observations.

In particular, we see developing countries unwilling and perhaps
unable to join in market-based programs. We see real obstacles to
pricing emissions at a level that will properly spur technological devel-
opment. And experience suggests that technology policy alone has a
very hard time getting people to actually use the technologies that may
be developed.

Against this backdrop of what is unlikely to work, we also see coun-
tries taking action in the absence of commitments (and countries with
commitments failing to take action). We see a rough harmonization of
prices among many programs even in the absence of a formal harmo-
nizing mechanism. This suggests that a very basic assumption moti-
vating the Kyoto approach and other suggestions for a strong, centrally
directed regime – i.e., that a strong international structure is necessary,
if not sufficient, to motivate domestic action – is perhaps not quite
right. This paper explores how to translate these observations into a
practical agreement.

In particular, it suggests we create an international agreement that
provides opportunities to challenge nations to increased action as well
as collectively evaluate that action, rather than attempting to incentivize
that action in industrialized countries with compliance regimes. For
the moment, it suggests we worry less about formal mechanisms to
equalize marginal costs, and encourage national action that fits national
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circumstance. For developing countries, we need to explore every
avenue to engage and encourage action – providing credits fungible in
other trading programs, linking climate activities to other issues of
concern (security and growth), and exploring larger deals that could
alter emission trajectories. In the arena of technology, we need to rec-
ognize that mitigation policy alone will not be enough, to encourage
technology cooperation, and to recognize technology policy efforts.

Why this approach? In addition to arguably being consistent with
what might be implementable over the next decade, these steps also
seem likely to yield useful building blocks for a future agreement with
more cohesion. For one thing, virtually any group of market-based
programs can eventually be sewn together. Permits can be traded
against tax obligations. Tax rates can gradually be harmonized;
safety valves can be escalated out of existence or relevance. Intensity
or performance-based trading programs can be linked to absolute pro-
grams.24 Perhaps most importantly, developing country credit pro-
grams can be morphed into developing country caps – when those
countries are ready to sign on, such caps offer a far easier way to sell
emission reductions to other countries.

Finally, nothing in this paper should be viewed as a lack of support
for the longer-term vision of where an international agreement ought
to go – and if it turns out to be achievable now, that would be great.
Rather, this paper should be viewed as suggesting that, in the quest for
that vision, we should not let the perfect be the enemy of the good and
should not allow opportunities for improved global outcomes to go
untapped in the meantime.
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Commentaries on Pizer

7.1 Is “practical global climate policy”
sufficient?

james k. hammitt

William Pizer sets himself the task of evaluating the actions nations
have and are taking to mitigate climate change to help determine what
actions they are likely to be able to take in the future. He contrasts this
approach with past discussions of what nations should do, which he
describes in terms of the types of policies that might be favored by cari-
catures of three communities engaged in the debate: economists, envir-
onmentalists, and technologists. Pizer concludes that, while each of
these communities brings useful perspective to the climate policy ques-
tion, each view relies on assumptions that experience shows to be
invalid, and so none of the recommended policies are likely to succeed.
Based on his analysis of what nations can do, Pizer outlines an alter-
native architecture for international agreements that is consistent with
past actions and hence arguably more likely to be followed than the
Kyoto Protocol.

Global climate change presents a formidable challenge to society in
the twenty-first century. Under current understanding of the science,
continued anthropogenic increases in atmospheric concentrations of
carbon dioxide and other greenhouse gases are likely to lead to changes
in temperature, precipitation, sea level, and other characteristics of
world climate that are unprecedented in human history. The conse-
quences for unmanaged ecosystems, climate-dependent economic
sectors including agriculture, forestry, and fisheries, and for land use
and availability are difficult to predict but likely to be huge.
Maintaining global climate in a state that does not require widespread
adaptation of climate-sensitive industries, port-city infrastructure, and
other aspects of human living patterns is likely to require limiting
net anthropogenic emissions of greenhouse gases to well below current
levels. Such a limitation marks a dramatic departure from the anti-
cipated continuing rapid growth in emissions as developing countries
such as China and India adopt more industrialized and energy-
intensive living patterns, including major increases in their use of fossil
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fuels. Variation in greenhouse gas emissions on an annual and even
decadal scale are of little importance because of factors that impart
great inertia to climate change, notably the century-scale atmospheric
residence times of carbon dioxide and most other greenhouse gases and
the century-to-millennium-scale thermal response time of the global
oceans. The level of sustainable emissions and time period over which
it must be achieved are uncertain, but holding atmospheric concentra-
tion of carbon dioxide to levels that may avoid major disruptions to
climate-sensitive activities is likely to require bringing emissions well
below current levels by the end of the twenty-first century (e.g., Wigley,
Richels, and Edmonds 1996).

If the basic science is correct, preventing substantial climate change
requires a massive shift in the global use of fossil fuels and other activ-
ities that emit greenhouse gases away from their anticipated growth
over the next decades. The challenge of achieving this shift appears to
be so daunting that the most important attribute of any proposed inter-
national agreement to limit climate is the likelihood that it will catalyze
the requisite shift. From this perspective, the Kyoto Protocol’s focus on
emission levels in the 2008–2012 period is of little concern except to
the extent that it provides the beginnings of an incentive for develop-
ment and adoption of the technologies, policies, and perhaps changes
in social attitudes necessary to achieve the shift.

Pizer emphasizes that for an international agreement to attract par-
ticipation and compliance, it must be perceived as in the national inter-
ests to potential signatories. Two comparisons are relevant. First, for a
nation to accede to an international agreement, it must perceive that
its interests are better served with the agreement than without. For the
nation to abide by the agreement, it must perceive that its interests are
better served by compliance than by free riding. The voluntary nature
of international agreements necessarily limits the demands that can be
placed on potential parties, since these cannot be more burdensome
than the benefits from participation. The voluntary nature also has
implications for the efficacy of different mechanisms (Wiener 1999).

In evaluating the extent to which participation and compliance with
an international agreement further a nation’s interests, an important
question is how those interests are defined and perceived. Pizer dis-
cusses how national interests in economic development, specific tech-
nological choices, and policy mechanisms may differ across countries.
A difference he does not discuss is the extent to which the damages
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from climate change, and hence the benefits of slowing or reducing its
magnitude, may vary. Some high-latitude countries may experience
increases in agricultural or forest productivity that may at least par-
tially offset damages to other sectors. Tropical countries (which tend
to have low income) are likely to suffer more from climate change than
temperate countries because their climates are already warmer than
what is apparently optimal for economic productivity (Mendelsohn,
Dinar, and Williams 2006; Nordhaus 2006). Countries that span a
range of climatic zones may adapt more readily to climate change by
shifting activities within their borders. Other countries, particularly
low-lying island or coastal states such as Bangladesh, may suffer grave
damages from sea-level rise with little or no offsetting benefit. Holding
other factors constant, countries that anticipate larger damages
from climate change may be willing to accept higher burdens from a
proposed international agreement.

Global climate change is often considered a global externality or
commons problem for which the benefits of mitigation are not appro-
priable, so that no nation has much incentive to undertake unilateral
mitigation. However, some nations (or strong coalitions such as the
European Union) may be large enough that they account for a signifi-
cant share of the benefits of mitigation. If so, it may be in the interests
of such nations to mitigate climate change even in the absence of inter-
national agreement. Integrated assessment models suggest that a coali-
tion of the industrialized countries may benefit enough to undertake
substantial abatement efforts, even if the developing countries do not
participate (e.g., Peck and Teisberg 1995; Hammitt and Adams 1996)
and if no individual nation would do so unilaterally (Nordhaus and
Yang 1996). These results suggest that coalitions consisting of a
modest number of large countries, such as the Gleaneagles Dialog of
the G8 � 5 and the L20 proposed by Canadian Prime Minister Paul
Martin (discussed by Victor in this volume) may be willing to make
substantial efforts toward abatement. With fewer members, such
coalitions might also reach agreement more easily than coalitions with
near-universal participation.

National interests relevant to participation in an international
climate agreement are not limited to issues of climate damages and
compliance costs. Nations interact with respect to a wide range of
topics, including trade and defense, and a state may join and comply
with an agreement to mitigate climate change that is not in its narrow
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national interest if there are sufficient compensating benefits in other
aspects of its international relationships.

Given the decadal-to-century scale that a climate mitigation policy
entails, the ability of a government to commit to future action is criti-
cal. A current government’s limited ability to commit successor
governments to the terms of an international agreement, or to other
policies to mitigate climate change, may significantly constrain the set
of feasible policies. Pizer discusses concerns about the possibility of
using price instruments such as tradable carbon permits to stimulate
the innovation and adoption of climate-friendly technologies. One
issue, raised by Montgomery and Smith (forthcoming), is that govern-
ments cannot commit today to a future carbon price high enough to
stimulate these activities because investors will fear that governments
will subsequently reduce the carbon price to a level just sufficient to
encourage adoption, greatly reducing the realized returns to innova-
tors. Frankel (this volume) suggests that this commitment problem
may be ameliorated by requiring a more stringent emission reduction
in the near term than would be otherwise justified, although such an
attempt could backfire (US withdrawal from the Kyoto Protocol may
be an example of this). A better approach might be to adopt a policy
with a predictable and automatic increase in carbon prices (such as the
5 percent annual increase in the safety-valve price in the Bingaman pro-
posal that Pizer discusses). Such a policy might provide some assurance
that the carbon price would not be dropped since it would develop con-
stituents (e.g., producers of climate-friendly technologies) who would
help resist rollback (much like retirees defend cost-of-living adjust-
ments in social security programs). It is less clear what commitments a
present-day government could make to assuage investors’ fear that a
future government would capture a substantial share of the returns to
successful innovators through taxation.

More generally, limitations on governments’ ability to commit to
future policies may induce a rational-expectations effect through
which the only credible policies are those that are consistent with
current understanding of the climate issue and are amenable to mod-
ification as scientific understanding, technological development, and
perceptions and preferences about climate change over time. Just as the
Clinton Administration’s agreement to the Kyoto Protocol was not
credible in light of the Byrd–Hagel Resolution, so the current Bush
Administration’s unwillingness to consider any regulation of carbon
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dioxide emissions is not credible. Investors realize that successor
administrations may have different views and must at least recognize
the possibility that greenhouse gas emission regulations will be
adopted in the future. Pizer notes that US electric utilities consider the
possibility of future regulations in current decision making about the
construction of new power plants.

Because of its effect on investment, uncertainty about future climate
policy may be quite costly, yet because information relevant to climate
policy will change, governments cannot credibly commit to specific
regulations over many decades. What governments may be able to
commit to is an adaptable policy with clear guidelines for the process
by which amendments will be evaluated and adopted. In this case,
investors could monitor developments in climate science, perceptions,
and attitudes and would be able to forecast likely future policy devel-
opments with as much certainty as possible. In contrast, when a gov-
ernment states its commitment to a policy that is not credible, investors
recognize that the policy is likely to change, but there is additional
uncertainty about when and how the policy will be altered.

Pizer notes that economics has contributed more to the design of
policy mechanisms for mitigating climate change (e.g., tradable
permits, taxes, safety valves) than to setting the appropriate level of
control. In climate change, as with many other areas of environmental
policy, objectives have often been set in terms of “safe levels” rather
than by equating marginal benefits and costs of more stringent control.
Pizer suggests the reason that marginal analysis has had comparatively
little effect on defining the appropriate stringency of climate measures
is that it is “less engaging” to argue about the monetary value of
damages than about how “clean, safe, or unspoiled we want the
environment.”

While it seems certain that advocates seeking greater environmental
protection can mount a more effective political campaign by pointing
to specific potential consequences (e.g., loss of species, increased sever-
ity of hurricanes), other factors may also contribute to the apparent
preference for promoting safe-level approaches. One is the aversion
many people feel to placing a monetary value on nonmarket attributes
such as environmental quality and human health. This aversion may
be associated with unwillingness to countenance explicit trade-offs
between outcomes like these and market commodities. It may con-
tribute to the view held by some advocates that economic-incentive
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mechanisms like emission taxes and tradable permits are objectionable
because firms can treat the tax or permit fee as “just a cost of doing
business.” For some, human interference with the global climate
system or climate change leading to widespread extinction of species
may take the form of “protected values,” which are absolute and
cannot be traded for other values (Baron and Spranca 1997). Even for
those who are willing to countenance explicit tradeoffs between the
consequences of climate change and more pedestrian consequences, the
scope, magnitude, effective irreversibility, and futurity of climate
change consequences engender humility and great uncertainty. Many
might feel that decisions about extinction of species should be based
on some higher values than might be elicited in a typical valuation
study.

A second likely reason that “safe levels” have been favored over
marginal analysis is the concern that a marginal-damage-based
approach, such as an emission tax, provides no assurance that envir-
onmental goals will be achieved. Indeed, when the costs of emission
control are uncertain, quantity limits, like emission permits, guarantee
the emissions level but leave the marginal and total control costs uncer-
tain; price limits, like an emissions tax, guarantee the marginal cost but
leave uncertain the emission level. As Pizer discusses, the price instru-
ment is preferable for climate change because the marginal damages
from emissions in a year are likely to be nearly constant. Because of the
long atmospheric residence times of greenhouse gases, unexpectedly
high emissions in one year can be offset by lower emissions in later
years with very little or no effect on the environment.

Ironically, a marginal-damage-based approach may recommend
more stringent control than a safe-level-based approach. A safe-level
approach relies on setting some sort of bright line to distinguish “safe”
from “unsafe,” or in the terms of the United Nations Framework
Convention on Climate Change “dangerous anthropogenic interfer-
ence with the climate system” from interference that is not dangerous
(abstaining from interference appears to be infeasible). If there were
identifiable thresholds in the relationship between greenhouse gas
emissions (or atmospheric concentrations) and damages to unmanaged
ecosystems, economic activities, and other systems of concern, it might
be possible to identify and defend such a bright line. However, it is
equally plausible that the effects of climate change on many endpoints
(e.g., sea level) are continuous rather than discrete, with few if any
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natural thresholds in the response. In this case, identifying a bright line
requires defining what level on a continuum distinguishes dangerous
from not dangerous with no clear standards. See Lorenzoni, Pidgeon,
and O’Connor (2005) for a discussion of approaches to defining dan-
gerous interference and Dowlatabadi (1999), Petschel-Held et al.
(1999), and Yohe (1999) for discussion of “guardrails,” “safe corri-
dors,” and “tolerable windows” for greenhouse gas concentrations
and climate change.

Note that setting a bright line implies that all policies that do not
violate the threshold have equivalent effects on climate. For example, if
dangerous anthropogenic interference is defined as occurring if atmos-
pheric concentrations of greenhouse gases rise to the equivalent of a
doubling of preindustrial carbon dioxide levels, then policies that hold
greenhouse gas concentrations to only a 50 percent increase above
preindustrial levels are evaluated as no better than those that allow a
99 percent increase. The safe-level approach gives no credit, and pro-
vides no incentive, for policies that over-comply, i.e., policies that satisfy
the threshold with a greater margin of safety. Any harm from allowing
concentrations to increase from 50 percent to 99 percent above pre-
industrial levels is treated as negligible. Given uncertainty about the
effects of greenhouse gas emissions on climate and about the conse-
quences of climate change, a greater margin of safety is to be preferred.

If the safe level is associated with atmospheric concentrations, the
least-costly compliance path is likely to be characterized by a delayed
and relatively sharp reduction in greenhouse gas emissions (Wigley,
Richels, and Edmonds 1996). In contrast, an emission path that bal-
ances marginal damages and marginal control costs is characterized by
earlier and more gradual emission reductions (Hammitt 1999). The
marginal-analysis-based path is more protective than the safe-level-
based path, since it suppresses emissions and atmospheric concentra-
tions in the relatively near term, providing some protection against the
possibility of learning that climate change is more threatening than we
currently estimate. Although the marginal-analysis-based path may
ultimately lead to higher atmospheric concentrations than a safe-level-
based path, this will only occur if the incremental damages from
breaching the nominal safe level are smaller than the incremental costs
of holding atmospheric concentrations below that level. In this case, it
would be desirable to breach the safe level. Moreover, the atmospheric
concentrations of greenhouse gases under a marginal-analysis-based
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path may not rise to the level of an otherwise similar safe-level-based
path for many decades (Hammitt 1999), providing the opportunity to
modify the marginal-analysis-based path to hold atmospheric concen-
trations below the safe level if better information suggests that is war-
ranted. Note too that the marginal-analysis-based path is more
credible than the safe-level-based path which requires future govern-
ments to enforce comparatively draconian emission reductions.

Pizer draws three lessons from his evaluation of the actions nations are
taking to mitigate climate change: (1) binding international agreements
are neither necessary nor sufficient for action, (2) the form of action
taken by a nation is heavily influenced by domestic conditions, and (3)
marginal control costs will be approximately equalized even without
formal coordination. The first and second lessons are not surprising. As
discussed above, individual nations may have an incentive to undertake
some actions, perhaps because the nation captures a non-negligible share
of the benefits of reduced climate change. Moreover, during this early
stage of what may be a century-scale effort to control climate change,
national policies may be strategic efforts to shape the eventual interna-
tional response (e.g., by setting an example) or to gain first-mover advan-
tages in developing new technology. The notion that nations would
tailor their actions to domestic concerns requires little justification.

The third lesson, that marginal control costs may be reasonably
similar across countries, even in the absence of emission trading or
other formal methods of harmonization, merits comment. A first ques-
tion is whether the statement is true. The evidence offered (that the pro-
posed New Zealand emission tax and Canadian safety valve are
comparable to the realized $15 and $25 per ton market price in the
European Union Emission Trading Scheme) is not compelling, since
neither the New Zealand nor Canadian system has been adopted and
so the effective price of carbon in those countries may be closer to zero.
Moreover, Pizer offers two counterexamples to his claim. The US pro-
posal by Senator Bingaman specifies a safety valve of only $7 per ton
(increasing 5 percent annually) and the Japanese considered a tax of $6
to $7 per ton. Victor (this volume) reports carbon prices in three other
trading systems of less than $10 per ton. Second, this marginal control
cost may reflect a focal point some nations are adopting in a setting of
great uncertainty. This perspective is supported by New Zealand’s ref-
erence to the EU emission trading system price as a guidepost. Third,
the apparent convergence may simply reflect the modest level of effort
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directed toward reducing current greenhouse gas emissions, with many
nations unlikely to meet their Kyoto Protocol targets (efforts to achieve
those targets might have been much greater had the signatories’ expec-
tation that the United States would become a party to the Protocol been
realized).

It is unclear from this evidence whether marginal control costs
would be similar across nations (and hence gains from trading emis-
sion permits would be small) if nations were making more significant
reductions in current emissions. One factor that would encourage
equalization of marginal compliance costs would be international
trade, since firms in a country facing high marginal compliance costs
would be disadvantaged relative to international competitors facing
lower marginal costs. But it is not clear how countries would equalize
marginal compliance costs without explicit attention to it. In negotiat-
ing an international agreement, it seems intuitive that nations would
evaluate their total compliance burden by comparison with other
nations and it would not be surprising to observe some rough parity in
total compliance burden (adjusted for differences in sensitivity to
climate change, perhaps). It is not clear exactly how comparative
burden would be assessed, but ratios of total compliance costs with
economic output and with population like those described by Frankel
(this volume) are possible. The main point is that however nations eval-
uate compliance burden, under a regime like the Kyoto Protocol which
specifies national emission levels, harmonization of compliance burden
is unlikely to simultaneously equalize marginal abatement costs unless
either the abatement-cost functions are sufficiently similar across coun-
tries or compliance burden is defined by marginal abatement cost.

Based on his evaluation of what actions nations can be expected to
take, Pizer proposes a “policies-and-measures” architecture for future
climate agreements. In contrast to an agreement on outputs such as
greenhouse gas emissions, the policies-and-measures approach is an
agreement on inputs or efforts. Under this approach, each nation that
accedes to the agreement will propose certain measures it will take to
mitigate climate change. Implementation of the agreed measures and
potentially their effectiveness would be evaluated later, perhaps as part
of a five-year review cycle during which nations would propose new
measures for subsequent periods. Pizer argues that a policies-and-
measures approach is more likely to achieve real progress than a
“targets-and-timetables” approach like that of the Kyoto Protocol,
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because it more easily accommodates differences among nations in pre-
ferred types of policies and because it postpones the hard work of eval-
uating and comparing national actions, rather than requiring ex ante
agreement on specific emission targets. A further advantage is that the
policies-and-measures approach can more easily include policies, such
as research and development of climate-friendly technologies, that do
not significantly affect near-term emissions (which, as discussed above,
are probably not themselves of great importance) but that may prove
invaluable for achieving the daunting changes in living patterns
required to stabilize atmospheric concentrations at reasonable levels.

This policies-and-measures approach provides a method for encour-
aging national experimentation in the development of policies and
institutions to mitigate climate change, with the potential to learn
about which approaches work better and for nations to adopt the more
successful measures. However, the efficacy of a nation’s policies and
measures will almost invariably be difficult to determine, as it rests on
comparison of the observable outcome with the unobservable coun-
terfactual situation of what would have occurred without these mea-
sures. In contrast, compliance with an agreed emission level is much
easier to verify.

A key question is whether a policies-and-measures approach provides
a mechanism through which nations can effectively pressure each other
to make the kinds of large changes that will be required to constrain the
buildup of greenhouse gases. In addition to difficulties in evaluating
the efficacy of measures undertaken is the difficulty in even determin-
ing the extent to which promised measures were seriously attempted.
Given the complexity of tax and regulatory codes in many nations, eval-
uators would need to determine whether a climate-friendly measure
was effectively undermined by a compensating change in some other
part of the tax or regulatory apparatus. Again, a targets-and-timetables
approach like the Kyoto Protocol is easier to verify.

In summary, Pizer provides an insightful analysis of current efforts
to reduce the threat of climate change and identifies important short-
comings in stylized perspectives of the economist, environmental
advocate, and technologist. The policies-and-measures approach he
proposes appears as if it might more easily gain the assent of a numer-
ous and diverse set of states than a targets-and-timetables approach
like Kyoto, but conditional on acceptance, it seems less certain than a
Kyoto-like approach to achieve the desired environmental goals. A
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useful analogy may be drawn to the choice between quantity limits
(e.g., tradable permits) and prices (e.g., emission taxes). A limit on
output quantity (like Kyoto, but including all major emitters) is likely
to achieve its environmental target, but risks excessive costs and with
them, the possibility that nations will defect (or fail to join). An agree-
ment on inputs and efforts, like the policies-and-measures approach
Pizer proposes, provides greater protection against excessive costs but
risks failure to achieve substantial control of greenhouse gas emissions.
Which approach would maximize the chances of catalyzing the huge
changes in technology and living patterns required to prevent disrup-
tive climate change is ultimately the most important question.
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7.2 An auction mechanism in a climate
policy architecture

juan-pablo montero

Introduction

William Pizer’s “Practical Global Climate Policy” represents an import-
ant effort in trying to delineate the type of climate policies that have
some chance of practical implementation. This is a most central policy
exercise because, if done correctly, it defines the space of institutions,
regulatory instruments, and policy measures that are realistically avail-
able for tackling the problems associated with climate change. The main
message of the paper is that a practical global climate policy needs to
make national action, rather than international coordination, the cen-
terpiece. Pizer reaches this conclusion on the basis of observed behavior,
that is, of current climate actions taken by different countries/regions.

I organize my reactions to Pizer’s proposal in two parts. In the first
part I provide some comments on the paper. Then, I advance a pro-
posal of mine that builds around an auction of carbon permits in which
the total number of permits is not fixed ex ante but is endogenous to
the bids submitted by the different parties. My proposal is not neces-
sarily coming to replace some of the (more comprehensive) policy pro-
posals discussed in this book; it can be taken as an instrument or
mechanism to complement those proposals.

Comments to Pizer

The main message that I take from Pizer’s paper is that we should give
up the idea of having coordinated international efforts – like the ones
advanced by Jeffrey Frankel elsewhere in this book (this volume) – and
instead rely on unilateral efforts. I have three problems with this
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message. My first problem is a practical one. If I would really believe
that unilateral actions are the only way forward I should perhaps stop
thinking about climate change policy. The economics profession – in
particular the field of environmental economics – has already developed
the tools for guiding the efficient implementation of environmental
policy at the level of a region (e.g., country, state) where polluting
agents within its borders can be brought under regulation. The profes-
sion, however, is still debating on how to tackle a (long-term) commons
problem where affected and contributing parties (i.e., countries) only
participate on a voluntary basis. This book and Aldy, Barrett, and
Stavins (2003) are the best evidence of that.

The second problem relates to the empirical evidence used by Pizer
to support his claim. Given the long-lived nature of the problem I
think that too little time has passed to form a good idea of the types
of climate policies that will prevail in the near and distant future.
Furthermore, the types of initiatives that we observe today involve rel-
atively mild emission control efforts (assuming Russia is allowed to sell
all its Kyoto hot air) that are not even close to the control efforts
needed to stabilize carbon concentrations. It is not clear to me
that uncoordinated national actions could remain after countries are
confronted with much more significant control efforts. 

The third problem is a more normative one. Pizer emphasizes at the
beginning that his paper is not about the ideal but about the possible.
But when I revisit the “empirical evidence” I get the idea that coordi-
nated international efforts are not entirely impossible. As many others,
I share the view that Kyoto is a poor agreement (for many of the
reasons provided in Olmstead and Stavins 2006) but, quoting Frankel
(this volume), I think it is a good first (international) stepping stone on
a practical path if we are to address the climate change problem effec-
tively. The global public-good nature of the problem forces us to insist
on the need for coordinated international efforts whether they are
quantity based (e.g., Frankel, this volume) or price based (e.g.,
Nordhaus 2006). The economics literature is very clear if we fail to do
so: too little will be done (I mean, much less than what could have been
achieved collectively).

Before moving on to my proposal, let me add that I agree with Pizer
about the tremendous difficulties in reaching agreement among such
heterogeneous parties in issues as fundamental as the setting of the
environmental goal and the participation of developing countries. I
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will touch on those issues as I describe the elements of my proposal;
something that I now turn to.

An alternative proposal: a global auction mechanism

Countries are the bidders in this global auction mechanism. They in
turn can implement domestic auctions of the same type. To appreciate
my proposal let me start by briefly explaining the ongoing debate as to
whether an international agreement to address climate change should
be based on prices (i.e., taxes) or quantities (i.e., tradable permits).
Pizer as well as others in this book also touch on this issue. When the
regulation sets a tax on emissions, we know that firms’ marginal costs
will never go above the tax level, but it leaves us uncertain about the
aggregate level of emissions. Conversely, when the regulation estab-
lishes an aggregate limit on emissions, what is uncertain is the (mar-
ginal) cost of reducing emissions which can go unexpectedly high (or
low). If regulators knew parties’ abatement costs, they would be indif-
ferent between prices and quantities because they would be able to
anticipate either the quantity response to a price limit or the price
response to a quantity limit.

Because regulators rarely have good information on polluting
agents’ costs, Weitzman (1974) was the first to study how this infor-
mation asymmetry affects the regulator’s choice between prices and
quantities. He finds that for some cases a price regulation will be better
than a quantity regulation while in others the opposite will hold true.
In the particular context of climate change, Weitzman (1974) would
recommend the use of prices (i.e., taxes). The reason is that damages
of emissions are related to the stock of carbon and other greenhouse
gases in the atmosphere, while the cost of reducing emissions are
related to the flow of emissions. This implies that the marginal costs of
reducing emissions are highly sensitive to the level of emission reduc-
tions, while the marginal damages of emissions are almost invariant to
the level of emissions.

Despite the theoretical superiority of prices, I share Frankel’s incli-
nation for quantities. As explained in his article (this volume), a price
scheme in the form of a global harmonized carbon tax is just as diffi-
cult to implement as a quantity scheme (in the form of tradable
permits), if not more so, provided that Kyoto parties have already
demonstrated their ability to coordinate on differentiated national
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quantity targets. The difficulty in agreeing on a harmonized tax lies on
the existing array of environmental and energy policies that vary sub-
stantially across countries. Furthermore, price schemes are more likely
to face opposition from environmental groups who want to see emis-
sion limits explicitly set.

My proposal builds around an auction mechanism that establishes
quantity limits. It nevertheless differs from the more conventional
quantity-based proposals (e.g., Frankel, this volume)1 in that it fully
dissipates the information asymmetry that creates the tension between
prices and quantities described above. Consequently, it is technically
superior to both price and quantity schemes (it does not present advan-
tages over prices only when the marginal damage function is totally
flat).

The auction mechanism consists of a uniform price sealed-bid
auction of emission permits with two key ingredients. The first ingre-
dient is to let the total number of permits be endogenous to the demand
schedules submitted by the regulated parties. In other words, the total
number of permits (together with the price) are part of the auction
clearing process. Ideally, the permits supply curve used by the regula-
tor to clear the auction should be the pollution marginal damage curve.
But it does not need to be so. The supply curve may be the result of
some political process that, for example, resolves to put a ceiling on the
price of permits. I will come back to this issue below. In any case,
letting the total number of permits be endogenous is the correct thing
to do because the regulator is clueless about the efficient number
of permits to be allocated before communicating with the polluting
parties, that is, before knowing their demands for permits (i.e.,
marginal abatement costs).

The second ingredient of my auction scheme is the introduction of
paybacks or rebates. Part of the auction revenues are returned to reg-
ulated parties not as lump-sum transfers but in a way that parties
would have incentives to bid truthfully. It is not difficult to see that we
want to avoid full rebates because that would be equivalent to a grand-
father allocation inducing parties to over-report their demand for
permits to the point at which they end up emitting as if there were no

330 Juan-Pablo Montero

11 By more conventional I mean a two-step scheme. First, the overall emission
quota is decided. Then, the overall quota is grandfathered to (or auctioned off
among) individual parties.



regulation. On the other hand, we do not want to eliminate rebates
completely because that would induce parties to under-report their
demand for permits in an effort to reduce prices. This demand-
reducing phenomenon was first recognized by Wilson (1979) in his
pioneer “auctions of shares” article. He explains that even when there
is a very large number of bidders, uniform price auctions can exhibit
equilibria with prices far below the competitive price (the price that
would prevail if all bidders submit their true demand curves). The
reason for this is that uniform pricing creates strong incentives for
bidders to unilaterally (i.e., non-cooperatively) reduce their demand
schedules in order to depress the price they pay for their inframarginal
units. Consequently, one can establish that there must be some level of
rebates (between 0 and 100 percent) that would induce firms to bid
their true demand for permits. 

As formally demonstrated in Montero (forthcoming), the incorpora-
tion of these two key ingredients – endogenous supply and paybacks –
into a uniform price auction is not only simple but remarkably effective
in implementing the efficient allocation of pollution reduction.2

Paybacks are structured in such a way that each party will find it
optimal to tell the truth regardless of what other parties do. It should
be emphasized that paybacks are not known prior to the auction but
are endogenously determined as part of the auction clearing process. All
parties pay the exact same price at the margin for permits but their pay-
backs may differ unless they have identical demand functions.
Paybacks, however, will rapidly fall with the number of parties, and as
the number of parties grow large the auction scheme converges to the
Pigouvian solution for correcting externalities.3

The auction mechanism is not only efficient but surprisingly equi-
table in terms of bidders’ payments. The net payment of each bidder
(i.e., permits purchases minus rebates) is exactly equal to the residual
(or additional) damage that the bidder’s pollution exerts upon society.
If there is, for example, a large number of parties such that each party
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barely affects aggregate variables, the residual damage of each party
would be (almost) equal to the marginal damage of pollution times the
number of permits allocated to that bidder.

Application to climate change

Let me now attempt the exercise of discussing how this auction scheme
could be applied to climate change and how it could complement (or
become part of) other proposals. The auction scheme in Montero
(forthcoming) is absolutely general; it presents the basic auction design
but does not go into any particular application. In that sense it is silent
to many aspects relevant to climate change policy. How is the envir-
onmental target to be decided? What is the time-horizon of the target?
How often is the target to be revised? What are the bidders/parties in
the auction? Countries? Firms? What happens to the auction revenues?
How are the revenues recycled back to the economies? What are the
dynamic properties of the auction scheme? Does the auction scheme
lead to a time-consistent path of investment in new technologies? How
does the scheme evolve over time? How does the scheme handle the
participation of developing countries?

The implementation of my quantity-based approach should not be
different from Frankel’s (this volume) in many aspects. I will omit those
here and focus on key differences: the process for setting the overall
target, the allocation of permits to industrialized countries, the
dynamic incentives for investments in new technologies, and the allo-
cation of permits to developing countries. I will leave the last issue to
the very end, so in the discussion that follows I momentarily restrict
myself to an industrialized world willing to formulate and implement
coordinated actions.

Setting the target

I agree with Pizer and many others in this book and elsewhere that
for both technical and political reasons it is unrealistic to think that
the setting of the target will follow benefit-cost maximization princi-
ples. Furthermore, due to the great uncertainties and possibilities of
learning it makes no economic sense to choose the entire path of emis-
sion targets (or price targets for that matter) at once. In any case, I
also see the setting of the target as a the result of a political process
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involving all participating countries and evolving over time. In setting
the target, parties may agree, for example, that for the next commit-
ment period, say, for the five-year period following Kyoto, the
“supply curve” of permits is the curve S in Figure 7.2.1. Ideally, this
supply curve should reflect the emissions marginal damage curve but
in this case is summarizing the “political consensus” that total emis-
sions during the commitment period be capped at E1 provided that
the marginal costs of reducing emissions (i.e., price of permits) does
not go above pmax.

Many readers will argue why not just use the well-known hybrid
approach of allocating E1 permits among affected parties (for example,
according to Frankel’s allocation rules) and letting these parties pur-
chase additional permits at price pmax if they wish to do so. Provided
that negotiating parties do not know the aggregate demand for permits
(although each individual party is assumed to know its individual
demand curve),4 this hybrid approach is clearly superior to a pure tax
pmax or a pure quantity limit E1. If the aggregate demand for permits
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happens to be lower than expected, say D1 in Figure 7.2.1, the quan-
tity regime will lead to the correct level of emissions and equilibrium
price of permits, respectively E1 and p1, while the price regime will lead
to inefficiently low emissions, E0. Conversely, if the aggregate demand
for permits happens to be larger than expected, say D2 in Figure 7.2.1,
the price regime will lead to the correct level of emissions, E2, while the
quantity regime will lead to inefficiently low emissions and too high a
price, respectively E1 and p2.

For the supply curve S, the hybrid approach solves the tension
between pure prices and pure quantities, leading to the correct level of
emissions regardless of whether the demand for permits happens to be
low or high. My auction scheme implements the same outcome as the
hybrid approach because parties have incentives to bid truthfully at the
auction. If the “true” demand curve is D1, parties will, on aggregate,
bid D1 and the auction will clear at price p1 allocating a total of E1 emis-
sion permits to the bidding parties. If, on the other hand, the true
demand curve is D2, the auction will clear at price pmax allocating E2

permits to the bidding parties.
It is natural to wonder why we need the auction mechanism if the

hybrid approach does the job of implementing the desired target
(understood as the intersection of the negotiated supply curve and the
true demand curve for permits). I have at least five reasons support-
ing the auction mechanism. The first reason may be less relevant for
climate change than for other applications. If the supply curve of
permits is not as depicted in S but exhibit ranges in which it is strictly
increasing, the hybrid approach will fail to implement the desired
target. The auction mechanism implements the efficient outcome for
any supply curve. The second reason is that by construction the
auction mechanism eliminates all incentives for the exercise of
market power regardless of the size of the country. In a conventional
emission trading scheme – where permits are allocated free or
through an auction of fixed supply – the presence of large players may
result in the exercise of market power (e.g., Olmstead and Stavins
2006).

The third reason is that the auction mechanism creates strong
incentives for national governments to implement (cost-effective)
approaches domestically that can reveal to them the true cost of
abating emissions within their borders. They need this information
when bidding at the international auction. The best way to obtain
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reliable cost information is by running internal auctions that share the
structure of my auction mechanism.5 These auctions must take place
prior to the international auction and the supply of permits in those
domestic auctions is not fixed but contingent on the country’s results
in the international auction.6 Following Olmstead and Stavins (2006),
my suggestion is for domestic auctions aimed at upstream sources. The
fourth reason deals with the allocation of permits among the different
countries, and the fifth with dynamic issues. I comment on these last
two reasons separately.

Allocating permits to industrialized countries

Frankel (this volume) proposes a set of formulas for allocating the
overall quota of permits among the different participating countries.
These formulas change over time as they have to accommodate for
changes in population, emissions, income, etc. They may also depend
on invariants such as 1990 emissions. I find the use of these formulas
an unnecessary complication to the negotiation process. As I
explained in the previous section, the auction mechanism not only
establishes the correct aggregate level of emissions but also makes sure
that the individual allocations are efficient and equitable. All parties
pay the same price for permits at the margin and their total payments
(including rebates) are exactly equal to the residual damage they exert
upon society. It is hard to argue against such (initial) allocation of
permits.

There is one remaining issue however: What do we do with the
auction revenues that remain after rebates have been completed? One
possibility – following Bradford’s (2002) suggestion – is to use part of
these remaining revenues to buy reductions from the developing world.
I will return to this point at the end of the note. But what if parties
decide that all remaining revenues must be reimbursed to participating
countries as a way to mimic a grandfathering allocation (at the country
level) such as the one in Kyoto? 
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Like any other mechanism that induces privately informed parties to
report truthfully regardless of what other parties do,7the auction mech-
anism suffers from a budget-balance problem. The problem is that we
cannot exactly reimburse all remaining revenues back to the parties
(i.e., balance the budget) in a lump-sum fashion, that is, without
distorting parties’ incentives to report truthfully at the auction.
Fortunately, the problem greatly diminishes as we increase the number
of parties at the auction. In Montero (forthcoming), I explain how to
fashion a lump-sum reimbursement system that assures perfect budget-
balancing in the limiting case of a large number of parties. Using linear
demand and supply curves, I show that if we have 10 (symmetric)
parties at the auction, for example, 90 percent of the remaining rev-
enues can be refunded without creating distortions. That figure jumps
to 99 percent if we have 100 parties. Let me conclude this section by
noticing that budget-balancing is less of a problem for the case of
domestic auctions because national governments have different lump-
sum ways in which they can recycle the remaining revenues back to
their economies without distorting bidding behavior at the auction.

Dynamic properties of the auction mechanism

As explained by Pizer, Frankel (this volume) and others in this book,
any practical climate change policy should be necessarily based on
short-run negotiated targets (for a five-year period as in Kyoto, for
example) that change over time. Given the large uncertainties we
cannot expect parties to commit today to long-term targets.
Furthermore, it would be economically inefficient do so in the presence
of learning about damages and new technologies. I see, for example,
parties negotiating by 2011 the target for the next commitment period,
say 2013–2017; by 2016 the target for 2018–2022; and so on (the
“evidence” shows that five-year targets are preferred over longer-
period targets). Obviously, in negotiating the target, or more precisely
the supply curve S, for the next commitment period, parties will neces-
sarily take into account current information and future expectations
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about the evolution of the global ecosystem and the global economy
(including the development of new technologies) with all the irre-
versibilities that may involve (there is little I can say on whether parties
will put a proper weight on future events).

In this long-term dynamic setting, it is important that firms face the
proper incentives for the adoption and development of new and cleaner
technologies. (By proper incentives I mean socially efficient ones). Since
we cannot be using 1990 emissions as baseline year indefinitely, the
problem that I see with other quantity-based approaches (e.g.,
Bradford 2002; Frankel, this volume) is that future permits allocations
will be at some point linked to past behavior. This may affect firms’
incentives to invest in new technologies in undesirable ways. The
auction mechanism does not have such a problem. It provides firms
with the socially efficient incentives to invest in new technologies. This
is because the auction mechanism makes each party indirectly “solve”
the social planner’s problem at each point in time.

Participation of developing countries

There is no question that any successful global effort to address global
warming must involve the broad participation of developing countries.
The Clean Development Mechanism (CDM) of the Kyoto Protocol is
one possible road, but I believe, as do many others, that the problems
of setting baselines and proving additionality greatly erode its poten-
tial. Real-world evidence of the severity of these problems can be found
in the voluntary provisions of the sulfur emissions trading scheme of
the US Acid Rain Program (Montero 1999).

I agree with Frankel (this volume), Bradford (2002), and many
others that developing countries should be (voluntary) brought as such
to the international agreements. I am not proposing anything new here;
I am just implementing Bradford’s (2002) proposal of having an inter-
national agency buying reductions from all countries into the context
of the global auction mechanism described above. The basic idea is to
provide developing countries with a quota of permits approximately
equal to their business-as-usual (BAU) emissions and let them come to
the auction as sellers of emission reductions. Their emissions will
remain unregulated if they decide not to come to the auction.

The idea is illustrated in Figure 7.2.2. As before, S is the (negotiated)
supply curve of permits and D is the demand curve for permits from the
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industrialized world. In the absence of developing countries, the auction
will clear at price pmax with a total of E2 permits. Let’s now add the
developing world. For a given BAU quota of emission, we can compute
the aggregate supply curve of emission reductions coming from the par-
ticipating developing countries. Let’s denote this supply reduction curve
by R (to avoid confusion in the notation A denotes emission abate-
ment). Note that the curve D – R is simply the demand curve D from
the industrialized world minus the supply curve R from the developing
world. What are the new auction clearing price and quantity? Since the
structure of the auction is such that each participating developing
country has also incentives to bid its true marginal cost of reducing
emissions, the auction will clear at price p and will allocate a total of E3

permits to industrialized countries. Developing countries, on the other
hand, will commit to a total abatement of A1 below its BAU quota.
Note that E3 – E1 is exactly equal to A1. Because of the rebates needed
to induce industrialized countries to bid truthfully, the revenues from
the these countries is a little bit less than p*E3. These remaining rev-
enues will be used to pay the A1 emission reductions of developing
countries. The total payment to developing countries is a little bit above
p*A1 so as to induce them to bid truthfully as well (the larger the
number of participating countries the closer the total payment to p*A1).
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There are two remaining questions that I have little to add beyond
and above what is in other proposals: (i) when should a developing
country move to the right of Figure 7.2.2 and join the industrialized
world?, and (ii) how will the BAU emissions of developing countries be
estimated for later commitment periods provided that they have
already engaged in emission reductions in the past?
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8 Epilogue: Architectures for
agreement
thomas schelling

The participants took the title seriously – “architecture.” Most
authors are architects, some are architectural critics. The archi-
tects are of two kinds – two philosophies, two methodologies,

two approaches to international institutions. One kind – the “true”
architects – design complete integral systems, whole systems, leaving
nothing out. They need no supplementary structures.

By “whole systems” I mean structures to cover all gases, all nations,
all industries, all uses, and institutions that endogenize all incentives.
The residual role of government is to enforce the rules; and the rules
specify emission quotas and markets for purchase and sale of unused
quotas. All the parts hang together. They are intellectually satisfying;
they leave nothing out. There is a potential vulnerability here: if part
of the system fails the rest may fail with it. But it all fits together
economically and even aesthetically.

The second “architectural” approach, which I would not characterize
as architecture but the authors do and I yield to their terminology, pro-
vides a set of substantially independent principles. The principles fit
together with some completeness, but what I find to be their most
attractive character is that the individual principles can stand alone, they
have “separability”; if one fails it doesn’t collapse a structure. The argu-
ment for each principle – the virtue of each principle – is independent of
the arguments for the others.

Most of the complete architectures – the holistic, integral architec-
tures – are dual, a domestic regime and an international. But the two
display identical principles. The international regime entails national
emission quotas enforced by some international mechanism, with
trading of unused quotas – trading between national governments, not
between individual emitters. The domestic regime is usually a tradable
quota regime, sometimes a tax based on carbon (or carbon equivalents
for other gases). The monitoring mechanism is usually not specified for
the domestic regime; presumably for carbon it is fuel inputs, calibrated
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by carbon content, rather than CO2 outputs, and for methane it usually
goes unmentioned. For the international regime the measure of emis-
sions is presumably fuel inputs, for which most nations may have
decent data, at least for imported oil, gas, and coal, not CO2 outputs.
Methane, with the possible exception of pipeline leaks, is probably not
reliably measurable. (Methane’s residence time in the atmosphere, on
the order of a decade, probably should excuse it from control for a few
decades.)

Not considered in these six proposals is a carbon tax administered
universally, i.e., on domestic producers or users, either levied by an
international body that collects the proceeds (presumably from
national governments), or mandated for domestic levies on greenhouse
emissions, the proceeds kept internally. Thank goodness.

Missing from the holistic proposals is any reference to how the
quotas should be enforced. Here there are two issues, participation and
compliance. How are nations to be induced, coerced, or persuasively
invited to participate in the scheme, not just Australia and Ukraine and
Chile but Malaysia and Honduras and Namibia? There have been pro-
posals – fortunately not among those represented here – that lavish
quotas saleable for cash that might induce scores of developing nations
to join and could be construed as “development aid.” None of the holis-
tic proposals included in this volume is specific about where to draw the
line between those nations whose participation is essential to the
success of the regime, and those that can safely be ignored or left till
later. Allocating quotas by a democratic negotiation among close to two
hundred governments would surely be difficult and probably time-
consuming. Whether to impose sanctions, military, diplomatic, com-
mercial – e.g., boycotts, embargoes, restrictions on finance or travel –
and with what international recognition is a topic avoided in most dis-
cussion. And that issue arises equally in the enforcement of compliance.

“Compliance” refers to abiding by, conforming to, the rules, i.e., to
the quotas established by the “participation” regime together with the
rules for purchasing and selling unused quotas. Purely voluntary com-
pliance is not taken for granted in the more holistic regimes: enforce-
ment of some sort is assumed. I’m not sure it should be.

I believe there are many national governments that incur interna-
tional commitments only with every intention of abiding by them and
accordingly make serious efforts to conform to them. The United States
is surely one. I believe it will be the case that many nations, having been
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allotted carbon (or carbon-equivalent greenhouse gas) quotas, and
having made conscientious efforts to stay within them, will fail to stay
within quota, will not consider themselves delinquent, and will not
readily accept financial or other penalty for the failure. If they had will-
ingly accepted the quotas at the outset, they will have erroneously esti-
mated the requirements for fulfilling them. They will likely demand
retroactive adjustment of the quota that could not be met rather than
submit to penalty. If a “fine” is demanded and the nation does not pay
it, who will enforce it, and by what means? If an embargo is declared,
who will break off commercial relations? Is military enforcement the
slightest possibility?

If quotas are very close to appropriate in nearly all cases, I can
imagine nations that fail to meet them paying very modest penalties,
perhaps disguised as “purchases” of others’ unused quotas. But if
quotas are set for periods of a decade or two, most governments will
be poor at estimating what internal measures will actually bring emis-
sions within quota. Shortfalls will be large and frequent and often not
deserving a verdict of “guilty.” Enforcement via severe penalty of any
kind on an unwilling major nation I consider totally implausible;
enforcement on some small nation that hadn’t the authority or the
resources or the capability to control emissions will be unpopular.

I am not certain that some kind of enforcement may not ultimately
be devised, but it is certainly a huge obstacle to any multination nego-
tiation involving major efforts over many decades among a hundred or
more countries. At least, any proposal for “enforceable” quotas needs
to be explicit about the means and the institutions for enforcement.
Maybe more attention to purely “voluntary” compliance will prove
necessary.

The other thing that I miss in the holistic architectures, which envi-
sion an overarching domestic regime of quotas and “trading” mecha-
nisms over all carbon-emitting or fuel-producing activities, is some
recognition of how innovative and unprecedented such a regime would
be. Efforts over some decades to bring retirement, disability, unem-
ployment, child welfare, poverty relief, and health insurance under one
or more comprehensive regimes have gotten almost nowhere. Neither
health insurance nor social security, even separated from poverty and
unemployment, has gotten anywhere. Efforts to bring illicit drugs and
abuse of prescription drugs under a comprehensive regime of policing,
incarceration, treatment, prevention, domestic eradication, and border
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control have gotten nowhere. Every effort to “rationalize” and simplify
federal taxes, even just the income tax, has foundered on the need for
every interest, every lobby, every congressional district, every economic
sector, to demand exceptions, exemptions, and special treatment.

The National Defense Reorganization of 1947 successfully restruc-
tured the armed forces quite substantially. It is hard to find any other
large sector of the US economy or social structure that has been so
radically revised so successfully in one large legal-political effort. And
that, of course, restructured an institution that was fully under the
jurisdiction of the US Government.

The domestic regimes proposed for the energy sector of the US
economy have an advantage and a disadvantage. The advantage is that
a very few simple (?) principles enacted into law would restructure the
way fuel is marketed throughout the US economy – ranging from home
heating to commuting to electricity production and distribution to airline
travel to building construction, agricultural production, and aluminum
containers. The disadvantage is the same: the farmers, the coal miners,
the home builders, the retired, the people who drive long distances, the
people who need air conditioning, all the people whose jobs will be in
jeopardy, will need exceptions, exemptions, special consideration; every
congressional district will have constituents who are threatened by the
“impersonal,” “noninterventionist,” optimizing regime.

I find three necessary elements missing from the more holistic pro-
posals – also from the less-integrated, more-independent principles,
but that may matter somewhat less. One is how the quotas may be
arrived at, procedurally and substantively. That is, what kind of diplo-
macy or international rationing procedure will assign a hundred or
more quotas, and what criteria or standards will be applied. A second
is no less daunting: how will agreement or acquiescence be arrived at
on what the overall target should be, either in global annual emissions
over several decades, or in the ultimate “ceiling” on concentrations, the
“level that would prevent dangerous anthropogenic interference with
the climate system,” in the immortal words of the United Nations
Framework Convention on Climate Change.

A third missing element is any attention to what kinds of costs should
be accepted as bearable, or how a regime should adapt to evolving expe-
rience with emerging costs. One of the important differences between
regimes that impose taxes and regimes that impose quantitative limits
is that the former require explicit consideration of imposed costs (and
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may give less attention to averted damages), while the latter, though
perhaps implicitly taking costs into account, focus on damages to be
averted rather than on costs to be borne.

It is worth noting that the critical quantitative issues, involving what
concentration of greenhouse gases will cause how much damage and
what it is worth to avert it, is here as everywhere else left substantially
open. The wide range of uncertainty on this issue – the “official” uncer-
tainty entailing the traditional threefold uncertainty in the climate sen-
sitivity plus the uncertainty of the damage function plus the uncertainty
of abatement costs – makes any international agreement on the ulti-
mate target so daunting as to be, up until now, unaddressed by any
official body.

The less-integrated proposals, the “looser” architectures as I might
characterize them, bring up a number of issues that may be assessed on
their individual merits (and demerits) either as components of a more
complete system or as ideas or principles that stand alone. Some of them
are proposed as alternatives, some as new or neglected ideas. An
example of the latter is the role of research and development (R & D),
especially but not only in pursuit of mitigation technologies, a role that,
as one paper points out, “should have been the centerpiece of the global
climate regime, but it is barely mentioned in either of the two climate
treaties” (Barrett, this volume, p. 244). Whether or not R & D should
be explicitly the business of an international treaty, it surely should be
central to any greenhouse gas program, especially as it is likely to be
more popular than gasoline taxes or building code regulations.

Among the critical questions raised I highlight just a few. The most
critical, because it is the foundation of any regime, is whether a green-
house gas regime must be universal, or nearly so, or should “discrimi-
nate” (as one paper characterizes it) among nations essential to a
regime’s effectiveness and those that can be deferred or left out alto-
gether. There are at least two issues here: what combination of nations
may be most able to work together, and what nations are critical quan-
titatively to the success of a regime. (A third issue that I would raise is
whether some critical nations, perhaps China and India, should be
excused until the developed nations demonstrate that they are serious.)

A second issue is whether “binding” targets, or a pretense of them,
should be preferred to looser diplomatic understandings. Another is
whether trading arrangements need to be “universal” even among all
the (limited) participants.
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Two suggestions resonate with me especially. One, with which I have
been identified, is that direct assistance to development should compete
with greenhouse gas abatement. Many of the worst consequences of
climate change will be felt in the poorest nations. Tropical diseases like
malaria are cited: malaria may not only become more prevalent and
more virulent over the coming decades, with warming, but is serious
now and may be better combated with anti-malarial programs and
accelerated development than with greenhouse gas abatement.

The other is the poor orphan that almost nobody wants to mention:
directly intervening in the atmosphere to alter the earth’s albedo, “geo-
engineering” as it has been called. It is good that this volume helps to
bring the subject out of the closet where it has been languishing except
for occasional mention by the National Academy of Sciences or at a
session of the American Association for the Advancement of Science
(AAAS). I think it way premature to propose it for consideration in any
formal treaty, maybe premature to propose it for consideration by the
Intergovernmental Panel on Climate Change (IPCC), but long overdue
for consideration in research, development, and experimentation.

The critical importance of poor-country development in avoiding the
consequences of climate change, and the (barely?) possible eventual
need for geoengineering, tend to remain below the purview of econo-
mists and others who focus on mitigation strategies. It is good to see
them included in these papers.

Is there any alternative approach to reduction of carbon emissions
that has a better chance of (a) doing the job and (b) getting enacted?
And does it help or hinder that the privations and expenses, under
either a holistic or a piecemeal regime, are perceived to be imposed by
some international body or treaty?

It is easy to be a skeptic. And that is because these are hard issues.
We have no historical model for the international regime that will be
needed, nothing “enforceable” on the scale of a climate regime, not
among sovereign nations. (The EU, certainly as formal and cohesive a
regime as any that might be imagined for climate control in the fore-
seeable future, imposed severe penalties for any participating nation
that incurred budget deficits exceeding 3 percent of GDP for three
years running. As France and Germany approached delinquency in
2004, commentators expected nothing to happen; when the deadline
passed nothing did happen.) Maybe we need to contemplate some kind
of progress without a “regime” – something more opportunistic, more
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piecemeal, more purely diplomatic. (My model is NATO, an out-
standing success on a huge scale with “commitments” unenforceable,
related to actions rather than consequences.)

Domestically – and here I, like the members of this symposium, focus
on the United States – we may need to think about alternatives to com-
prehensive regimes, even about experiments, accepting that politics
will distort any plan, that what economists call “efficiency” – optimum
restraints across the board on all uses of fossil fuels – will be an occa-
sionally welcome outcome, not the guiding principle.

As I said, it is easy to be skeptical. I credit this volume with a wider
array of proposals, suggestions, criteria, and considerations than any
I have seen before.
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9 Architectures for an
international global climate
change agreement: lessons for
the international policy
community
joseph e. aldy and robert
n. stavins

Global climate change poses serious threats to the people and
nations of the world, and the long-term, global nature of the
problem has important implications for the design and imple-

mentation of effective policy, in particular for the design of a global
climate policy architecture that is scientifically sound, economically
rational, and politically pragmatic. The costs of abating greenhouse
gas emissions occur locally and in the present, but the benefits accrue
globally and over multiple generations.

The most important greenhouse gas that policy can affect, carbon
dioxide, is a byproduct of the combustion of fossil fuels that serve as
the primary source of energy for industrialized, emerging, and devel-
oping economies around the world. Relatively wealthy, developed
countries are responsible for a majority of the anthropogenic green-
house gases that have already accumulated in the atmosphere, but
poor, developing countries will emit more greenhouse gases over this
century than those currently industrialized nations if no efforts are
taken to change their course of development. The problem of climate
change with its global, long-term environmental, economic, energy,
and development consequences necessitates the design of a sound inter-
national climate change policy architecture.

The Kyoto Protocol frequently has been described as a “first step” to
address this awesome long-term, global problem. It is the first agree-
ment to have imposed binding legal commitments on greenhouse gas
emissions. In addition to representing the first step to mitigate green-
house gas emissions, the Protocol represents the first step in the ultimate
design of an effective, long-term international climate change policy
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architecture. It builds directly on the foundation set by the United
Nations Framework Convention on Climate Change (UNFCCC).

The challenge for the international policy community lies in deciding
on the next step, in terms of both climate-related goals and the design of
policies to implement those goals. The Kyoto Protocol will inevitably be
part of the foundation for all succeeding steps. Complementing the
Protocol will be an array of other activities: efforts to pursue regional
emission trading within key nations, such as the United States and
Australia; international cooperation on energy research and develop-
ment (R & D); climate- and energy-related development policies; and the
implementation of domestic climate change policies under the Protocol
itself. All of these will add to the foundation for moving forward.

In examining the Kyoto Protocol as well as international policy archi-
tectures that might serve to follow it in the second commitment period,
we seek an architecture that is scientifically sound, economically ratio-
nal, and politically pragmatic. More specifically, we have been guided by
six criteria (Aldy, Barrett, and Stavins 2003) for evaluating climate
policy architectures: (1) environmental outcome; (2) dynamic efficiency;
(3) dynamic cost-effectiveness; (4) distributional equity; (5) flexibility in
the presence of new information; and (6) participation and compliance.

Environmental outcome refers to a policy’s time path of emissions or
concentrations of greenhouse gases, or the impacts of climate change. A
dynamically efficient policy maximizes the aggregate present value of net
benefits of taking actions to mitigate climate change impacts. The crite-
rion of dynamic cost-effectiveness refers to the identification of the least
costly way to achieve a given environmental outcome. Distributional
equity refers to the distribution of both benefits and costs across popu-
lations within a generation and across generations, and can account for
responsibility for climate change, ability to pay to reduce climate change
risks, and other notions of equity. Given the significant uncertainties that
characterize climate science, economics, and technology, and the poten-
tial for learning in the future, a flexible policy infrastructure built on a
sequential decision-making approach that incorporates new informa-
tion may be preferred to more rigid policy designs. Finally, incentives for
participation and compliance are important, since a climate policy archi-
tecture that cannot promote participation and compliance will not sat-
isfactorily address the climate change problem.

Drawing upon lessons from designing and implementing the Kyoto
Protocol, experience with complementary efforts, and insights from
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scholarly disciplines – including economics, international relations,
political science, and law, among others – the contributors to this volume
have set forth a range of ideas about how best to construct a future inter-
national climate change policy architecture. The targets and timetables
approach embodied in the Kyoto agreement serve as the cornerstone of
proposals advanced by Jeffrey Frankel and Axel Michaelowa. In their
commentaries and in other writings, Daniel Esty, Joyeeta Gupta, Juan-
Pablo Montero, Sheila Olmstead, and Jonathan Wiener discuss the
design of climate change policy predicated on quantitative emissions
targets with international emission trading. In contrast to such central-
ized approaches of setting emission commitments, David Victor,
Warwick McKibbin, and Peter Wilcoxen propose policy architectures
that aim to harmonize policies to address climate change among national
and regional institutions. In a related vein, Richard Cooper suggests that
countries should employ harmonized carbon taxes. So-called “bottom-
up” approaches to climate change policy, through a mix of coordinated
and unilateral country-level policies, are incorporated in the proposals
by Scott Barrett and William Pizer. This notion of a mix of national poli-
cies evolving over time, perhaps through a system of pledge and review,
also receives attention in commentaries by Carlo Carraro, Henry Jacoby,
and Richard Morgenstern, and in Thomas Schelling’s epilogue.

These ideas for a successor to the Kyoto Protocol cover nearly the
entire spectrum of serious climate policy architectures. In this chapter,
we synthesize and evaluate the key elements of the proposed architec-
tures. The next section addresses the question of how to set climate
change policy goals – an issue that fundamentally addresses the envi-
ronmental outcome and the efficiency of policy. We then describe the
near-consensus on the need for market-based implementation of
climate change policies, noting a few important caveats. After focusing
on cost-effectiveness, we turn to the related issues of equity and par-
ticipation – how can policy architectures advance equitable outcomes
and promote more participation by developing countries? We conclude
with a discussion of the value of a broader suite of policies and the
prospects for transitioning to the post-Kyoto policy architecture.

Setting climate policy goals

Setting climate change policy goals presents perhaps the greatest chal-
lenges to the international policy community. The emission commitments
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for the Kyoto Protocol’s first commitment period (2008–2012) were
among the most contentious elements negotiated at the Kyoto confer-
ence. The UNFCCC enshrines a qualitative long-term goal of atmos-
pheric stabilization to prevent dangerous anthropogenic interference
with the global climate, but agreement on a quantitative interpretation
of this objective has not been reached. The setting of climate policy goals
presumably reflects the desired environmental outcome (or benefits) of a
climate change policy and the acceptable costs to society of undertaking
the changes necessary to meet those goals. A variety of decision rules for
informing the setting of such goals are available to policymakers, includ-
ing the precautionary principle and economic efficiency (benefit-cost
analysis). Alternatively, the setting of goals in the near term can be rele-
gated to the politically feasible, as policymakers focus their efforts on the
design of policy infrastructure.

Advocates of the use of the precautionary principle have argued that
it can ensure that climate change does not cross a threshold beyond
which the probability of substantial, dangerous impacts becomes unac-
ceptably great. In this view, addressing a highly uncertain experiment
with the only planet we have through precaution is a reasonable basis
for action. Some analysts and policymakers have advocated a long-
term stabilization goal of 550 parts per million (ppm) of CO2 (about
double the pre-industrial concentration) and 2°C above pre-industrial
temperatures, reflecting the position taken by the European Union
(Michaelowa, this volume). More ambitious goals, such as stabiliza-
tion at 450 ppm may not be politically feasible, because the costs of
achieving a 450 ppm target are much greater than those for a 550 ppm
goal.

The difficulty in employing the precautionary principle is twofold:
what is the appropriate threshold, and what are the countervailing
risks of slower economic growth or inattention to other risks to society
entailed by a precautionary approach? Climate change is already under
way, so policymakers do not have the option of preventing climate
change from occurring. With a problem imposing impacts over a con-
tinuum of atmospheric concentrations and temperatures, it may be dif-
ficult to identify the threshold that society wishes not to cross. Climate
science suggests that nonlinear or threshold events – such as destruc-
tion of major coral reefs, melting of the West Antarctic ice sheet, or col-
lapse of the thermohaline circulation in the Atlantic Ocean – are likely
to occur at different temperature increases (Barrett, this volume).
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Which threshold event should the precautionary principle target?
Given uncertainties in the science, especially in relating atmospheric
concentrations to specific temperature increases, being “safe” may
require such low concentrations that they imply technological infeasi-
bility in the short term and tremendous resource expenditures in the
longer term.

A key question is whether setting a “safe level” is actually safer than
choosing a goal through reliance on a criterion such as economic effi-
ciency, that is use of benefit–cost analysis. Setting a threshold, say
a concentration level, above which climate change is “dangerous”
and below which climate change is “safe” is arbitrary in a world with
climate change impacts at all possible concentration increases.
Choosing a “safe” level may provide little incentive for activities that
limit concentrations to a level below the threshold, even though these
would deliver significant benefits.

Setting an emission path based on benefit–cost analysis – by account-
ing for damages at all concentration levels – would likely result in
lower near-term emissions than a least-cost path to a concentration sta-
bilization goal (Hammitt, this volume). By suppressing emissions more
in the near-term and keeping the option open of very ambitious cumu-
lative emission abatement in the long term, the benefit–cost approach
could actually prove safer than setting a “safe level” if we learn over
time that climate change impacts will be more damaging than previ-
ously thought.

Can benefit–cost analysis be used to help define a long-term emission
pathway (or a pathway subject to change with refinements in benefit and
cost estimates over time)? Some analysts – including economists – who
would favor in theory employing benefit–cost analysis to set global
quantitative greenhouse gas emission pathways have serious reserva-
tions about the feasibility of doing so. The central concern is that the
world’s political leaders face a daunting problem to constrain the deci-
sions of future’s leaders (Frankel, this volume; Aldy, Orszag, and Stiglitz
2001). It may simply not be feasible to impose modest emission abate-
ment now, but much more ambitious and costly abatement several
decades in the future (the cost-effective time-path endorsed by Olmstead
in this volume and Olmstead and Stavins 2006, for example) – the
future’s leaders may reject such a deal when they come into power.
Therefore, the argument goes, near-term emission targets should be
more ambitious than suggested by benefit–cost analysis to reduce the
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incentive for the future’s leaders to renege on deals made today. But such
an approach may not solve the time inconsistency problem and may
result in less-efficient policies than those informed by benefit–cost analy-
sis (Wiener, this volume).

Rather than considering the normative question of how climate
policy goals should be set, a more politically interesting question – at
least in the short term – may be how will such goals be set? Historically,
economic perspectives have had vastly greater effects on the means
of environmental policies (such as cap-and-trade programs, which
we discuss later) than on the identification of policy goals. Practical,
political considerations – essentially domestic political interests – will
dictate the actions countries are willing to undertake; these may deviate
significantly from the prescriptions of either the precautionary princi-
ple or benefit-cost analysis (Pizer, this volume). Therefore, it may make
sense to expend less effort quantifying the UNFCCC’s ultimate objec-
tive, and dedicate greater effort to the design of policies, such as poli-
cies to promote technological development and deployment (Barrett,
this volume). Most proposals for a successor to the Kyoto Protocol
have not recommended specific emissions, concentration, or tempera-
ture goals (refer to the proposals in this volume, Aldy, Barrett, and
Stavins 2003, and Bodansky 2004); rather, their focus has been on
frameworks for setting and implementing goals.

This focus on institutions instead of emissions echoes the advice of
Richard Schmalensee in his seminal assessment of climate policy
architecture: “When time is measured 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”
(Schmalensee 1998: 141). Clearly, goals will need to be set to guide
long-term efforts to combat the problem of global climate change, but
in the short-term, greater returns may be generated by developing the
infrastructure for identifying and implementing goals.

Market-based implementation of climate policy

Few would argue that society ought to spend more than necessary to
address the risks posed by global climate change. Market-based instru-
ments, such as emission trading or emission taxes, can serve as the means
for achieving climate policy goals at relatively low cost. In a world with
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scarce resources, the more cost-effective the means, the more feasible is
an ambitious goal. In addition, lower costs of implementation can facil-
itate greater participation and compliance with climate goals.

The international policy community has embraced market-based
implementation under the Kyoto Protocol. The European Union, for-
merly opposed to international emission trading during the Kyoto con-
ference, launched the world’s largest carbon dioxide cap-and-trade
program in 2005, and efforts are under way in developing countries in
a range of projects covered by the Protocol’s Clean Development
Mechanism. In addition, the emission trading concept has received
support at the state and regional level in the United States and
Australia, despite the fact that these countries have not ratified the
Kyoto Protocol.

International emission trading serves as the cornerstone of several
proposed international policy architectures (Frankel, and Michaelowa,
this volume). In addition to yielding least-cost emission mitigation,
such international emission trading can serve as a vehicle for transfer-
ring funds to developing countries. This brings two benefits. First, it
provides the compensation that may be necessary to secure participa-
tion by developing countries, since developing countries could gain by
becoming net exporters of emission permits. Second, a world of firm-
based international emission trading would require transfers via the
private sector, which are much less transparent than public sector
appropriations. For example, instead of the private sector in developed
countries transferring billions of dollars to oil exporters for crude oil,
they could transfer (presumably fewer) dollars to emission permit
exporters for their climate-friendly development. Such transfers may,
nonetheless, suffer from critical political scrutiny (Summers, this
volume).

National sovereignty means that countries cannot be legally coerced
to take actions against their self-interest. Hence, the integrity and sta-
bility of an international emission trading regime may be in doubt.
What happens if a low-cost supplier of emission permits decides to
drop out of the regime? Or if a country with high abatement costs,
and thus significant demand for permits, decides to drop out? Under
Article 27 of the Kyoto Protocol, as in virtually all international
treaties, a country can leave the agreement simply by giving notice of
withdrawal, which becomes legally effective one year hence, although
it is – in practical terms – effective immediately.
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Such concerns motivate one proposal for coordinated but insulated
national permit markets (McKibbin and Wilcoxen, this volume).
Various regional emission trading regimes, such as the European Union
Emission Trading Scheme (EU ETS), can and will evolve. Countries
with common interests, legal systems, and financial relationships may
develop regional trading regimes, but they may not engage with others
who are dissimilar (Victor, this volume). Hence, it has been suggested
that a set of national-level cap-and-trade programs may circumvent the
potential problems of linking countries through international emis-
sions trading.

To promote global cost-effective abatement, countries could coordin-
ate their domestic programs by harmonizing the price of permits offered
by governments. This implicit agreement on a safety-valve price would
serve as the basis for equating costs across countries. Such a set of
national cap-and-trade programs could comprise a system of pledge
and review commitments by proponents of bottom-up policy design
(Schelling, Pizer, Barrett, this volume).

Even those who are highly skeptical of international emission
trading still support some form of cost-effective implementation. Some
have called for an internationally harmonized carbon tax, which
should provide similar incentives for abatement as an emission trading
regime (Cooper, this volume; Nordhaus 1998). A tax may have con-
siderably less appeal, because it eliminates the potential for an imple-
mentation mechanism to transfer resources to low-income countries
that may otherwise be reluctant to undertake emission mitigation
activities. Furthermore, countries could circumvent the effect of a
carbon tax through “fiscal cushioning” – for example, a country could
impose a carbon tax on industry while simultaneously reducing the
excise taxes on fossil fuels (Wiener, this volume; 1999).

The immediate gains from linking national-level cap-and-trade pro-
grams may be modest, because permit prices of existing emission
trading programs are similar (Pizer, this volume; c.f. Victor, Hammitt,
and Montero, this volume). Even if this holds in the long-term, however,
the value of the cap-and-trade approach remains. First, domestic and
regional cap-and-trade programs would exploit the low-cost abatement
opportunities within their markets; cost-effective implementation
would characterize domestic actions. Second, policymakers who set
domestic cap-and-trade program targets in a manner that impose com-
parable marginal costs with other countries’ programs are effectively
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coordinating on the fairly transparent focal point of a carbon price.
This would be similar to a system of national-level cap-and-trade pro-
grams with coordination about a safety-valve price (for annual emis-
sion permits that firms can buy from their governments) (McKibbin and
Wilcoxen, this volume). Further, it is not very different from a system
of harmonized domestic carbon taxes. A set of domestic and regional
cap-and-trade programs with similar permit prices but little or no inter-
program linkage is similar to coordinated but insulated national pro-
grams, and similar to harmonized carbon taxes. In each case, firms and
households across participating countries would bear similar costs for
emitting greenhouse gases, and modest, if any, international transfers
would be involved.

The current system of market-based implementation under the Kyoto
Protocol suffers from flaws that undermine its cost-effectiveness. The
first phase of the EU ETS was characterized by substantial permit
price volatility, and concerns about impacts on energy prices and com-
petitiveness. In addition, it covers only half of carbon dioxide emis-
sions in EU member states. The Clean Development Mechanism has
channeled substantial resources to projects to abate synthetic green-
house gases that likely would have been mitigated anyway (Victor,
this volume). This project-based approach is a high-transaction cost
and inefficient way of securing emission abatement in the developing
world.

Meeting the challenge of addressing climate change will not be inex-
pensive. In the long term, it will require a substantial reworking of the
energy foundation of industrial economies – either by changing the fuels
that power economic activity or by developing technologies to capture
the byproducts of burning these fuels. A successful climate policy archi-
tecture should promote cost-effective climate change mitigation; and
market-based approaches, such as emission trading and emission taxes,
are the best means to that end. The unresolved question is whether such
systems can be imposed from the top-down, as in the Kyoto Protocol,
or whether a more viable framework would evolve organically from a
variety of national and regional emission trading regimes.

Designing a fair climate policy

The current climate policy architecture, as embodied in the UNFCCC
and the Kyoto Protocol, calls for climate change mitigation efforts
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consistent with the principle of “common but differentiated responsi-
bilities,” which has been translated in practice into a set of specific,
quantitative emission commitments for industrialized countries and no
emission mitigation obligations for developing countries. While some
interpretations of equity may indicate that it is appropriate for the rela-
tively wealthy, industrialized countries, who are responsible for the
lion’s share of anthropogenic greenhouse gases which have already
accumulated in the atmosphere, to take the first steps, there is little
doubt that developing countries will – at some point – have to limit the
growth of their emissions under any effective, long-term climate policy.
The Kyoto Protocol provides no option for developing countries to take
on quantitative targets, but future climate policy architecture will need
to establish a fair process for securing developing country participation.

Several analysts have proposed rules for “graduation” into a system
of quantitative emission commitments (Michaelowa, Gupta, this
volume; Nordhaus 1998). In contrast to the UNFCCC and the Kyoto
Protocol’s bi-level regime of countries with quantitative emission com-
mitments (Annex I/Annex B) and countries without commitments
(Non-Annex I/Non-Annex B), the graduation criteria typically employ
per capita income or per capita emissions as the basis for determining
when individual developing countries should be obligated to take on
commitments. Further, the stringency of commitments could vary by
per capita emissions and income. Indeed, an explicit rule that accounts
for income, population, historical emissions, and other factors could
serve as the basis for graduation.

This notion of progressivity is implicit in the Kyoto Protocol com-
mitments. The stringency of the Kyoto Protocol targets, measured as
percentage reductions in carbon dioxide emissions from business-as-
usual forecast, increases with per capita income. Although this pro-
gressive outcome resulted from an ad hoc negotiating process, future
agreements could be based on formulas that maintain such progressiv-
ity (Frankel, this volume). Over many decades, the formula could place
more weight on population, implying a per capita allocation in the
distant future. For that matter, progressive commitments can also be
employed with less stringent goals and more generous permit alloca-
tions for developing countries in a system of coordinated national-level
cap-and-trade programs, or in pledge and review approaches.

The notion of a fair climate policy can also be viewed through the
lens of international development policy. In other words, climate
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benefits could be leveraged from the energy and development efforts
that developing countries want and need to pursue. Sustainable devel-
opment policies and measures could incorporate climate change efforts
into development priorities (Pershing, this volume). Revenues from
industrialized countries, for example, through emission permit auc-
tions, could finance such measures. Increased natural gas use in China
and nuclear power in India have the potential to lower greenhouse gas
emissions (Victor, this volume). Such efforts would simultaneously
address local concerns about air quality and utility sector fuel diversi-
fication, and greenhouse gas emissions.

Complementing efforts to focus on development as a part of fair
climate change policies is the need to facilitate adaptation. Developing
countries may be more vulnerable and less resilient to the impacts of
global climate change (Adger 2006). They have fewer resources, less
human capital, less technological capacity, inadequate public health
infrastructure, and weaker governance institutions to adapt to climate
change than industrialized countries (Miranda et al. 2007). Developing
countries also tend to have a larger share of their economies in climate-
sensitive sectors, such as agriculture, forestry, and fisheries, and will
likely experience larger percentage reductions in economic output
than industrialized countries as the climate continues to change
(Mendelsohn, Dinar, and Williams 2006). Promoting developing
country adaptation – through financial transfers and R & D on tech-
nologies appropriate for developing country environments – could
help satisfy notions of fairness in climate policy.

Promoting participation in climate policy

A policy architecture that cannot secure broad participation cannot in
the long run deliver environmental benefits in a cost-effective or equi-
table manner. Promoting participation may be the greatest challenge
for the design of climate policy architecture. No policy architecture can
be successful without the United States, Russia, China, and India
taking meaningful actions to slow their greenhouse gas emission
growth and eventually reduce their emissions.

The characteristics of the climate change problem illustrate the dif-
ficulties of securing the support of world leaders to participate in
serious efforts to mitigate climate change risks. First, the benefits of
mitigation will accrue to future generations, while the costs will fall on
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the current generation. Second, the benefits of emissions mitigation
accrue to the entire world, while the costs fall on those who undertake
mitigation efforts.

One approach is to engage domestic constituencies. For example, the
free allocation of permits in a cap-and-trade program can create vested
interests in maintaining national emission programs. Giving emission
permits to regulated firms represents a substantial transfer of assets. If
a cap-and-trade program were weakened by the addition of more
permits or eliminated entirely, this would reduce the asset value of
these firms. On the other hand, it could be prohibitively expensive for
governments to buy back permits if climate science commends a more
ambitious climate policy (Pershing, this volume). Other ways of creat-
ing domestic constituencies include using revenues from cap-and-trade
programs to finance shortfalls in social insurance programs.

Implementation policies can be tailored to provide incentives for
participation. For example, progressive quantitative emission targets
can attract participation by developing countries by imposing a rela-
tively modest constraint on their emissions. Giving “headroom emis-
sions” allocations to developing countries – granting them permits to
more than cover their forecast business-as-usual emissions – can reduce
downside risk of high compliance costs (Wiener, this volume; Stewart
and Wiener 2003). Combined with a system of international emission
trading, these less stringent targets can allow developing countries to
become net exporters of emission permits. The trading regime becomes
the mechanism for the side payments necessary to secure developing
country participation.

Other approaches could be pursued to minimize downside risk to
developing countries. Emission targets can be indexed to economic
output to ensure that greenhouse gas limits do not constrain economic
growth. An indexed target would be higher if the economy grew faster
than expected but might increase less than proportionately with
growth. The target would be lower if the economy grew slower than
expected. This approach reduces the likelihood that developing
country participation would relax the aggregate cap on participating
countries’ emissions via international emission trading (Aldy, Baron,
and Tubiana 2003). This notion of an indexed quantitative emission
target has some real-world experience in the case of the Government
of Argentina’s 1999 proposal and the US Government’s 2002 intensity
goal (Aldy 2004).
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The problem with such approaches to promoting participation is
that they assume that there are some countries willing to take on more
stringent targets and make side payments. For example, if the United
States does not want to take on an ambitious emission target, there will
be much less demand and thus lower prices for the permits developing
countries would aspire to export. Creating the incentive for some coun-
tries to participate should not simultaneously create the disincentive
for others to do so. Moreover, developing countries who are opposed
to taking on commitments for noneconomic reasons may not be par-
ticularly swayed by such economic incentives (Bodansky, this volume).

Alternatively, the approach taken by the Montreal Protocol of pro-
moting developing country participation by direct payments could be
pursued. Indeed, paying developing countries to use new, more
climate-friendly technologies may be an effective first step (Esty, this
volume). Engaging developing countries on energy and development
issues will require more substantial investments by developed countries
(Victor, this volume). The challenge therefore lies in whether govern-
ments of developed countries would be willing to finance substantial
transfers to developing countries. The UNFCCC and the Kyoto
Protocol include provisions for technology transfer financed by devel-
oped countries, but only limited funds have been directed to such
efforts.

Instead of directing government funds for the deployment of
climate-friendly technologies in developing countries, countries could
fund directly the development of technologies through an R & D
protocol (Barrett, this volume). This could draw on experience with
other large, international R & D efforts that have involved substantial
cost-sharing among participating countries. In theory, collabor-
ative climate-friendly R & D efforts could then yield a new set of com-
mercially viable technologies that would be deployed in a number of
major countries. Such deployment could occur through domestic
incentives (emission taxes, emissions cap-and-trade, or subsidies for
climate-friendly technologies) or perhaps through a standards proto-
col, which would mandate the use of technologies in participating
countries (Barrett, this volume). As long as a sufficient number of large
countries employ the new technologies, they would become the
de facto world standard. The challenge for this proposal is two-fold:
securing sufficient funds for collaborative R & D, and developing
a streamlined process for negotiating international technology
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standards. A bottom-up approach with domestic policies that generate
revenues, such as a cap-and-trade program with a partial auction and
a safety valve, could finance R & D efforts (Morgenstern, this volume).

Reflecting the concern that a top-down multinational cap-and-trade
program is simply not viable in a world with national sovereignty, a
number of analysts have focused on bottom-up, pledge and review
approaches to climate policy architecture. The Marshall Plan and the
formation of the North Atlantic Treaty Organisation serve as examples
of how pledge and review produced successful and durable institu-
tions. Climate change policy could evolve from national actions
through small groups of like-minded countries (Victor, Pizer, this
volume). These groups could eventually coordinate efforts in the long
term as part of a broader climate policy architecture.

This bottom-up, pledge and review approach may be broad in terms
of participation, but very shallow in terms of actions (Hammitt, this
volume). Whether such an approach will yield more than unilateral,
uncoordinated efforts depends upon whether it will evolve into a cohe-
sive process. It has been argued that climate change policy focused on
regional and fragmented programs could evolve in a way analogous  to
regional trade blocs (Carraro, this volume). Such regional trade blocs
permitted countries to understand and inform the development of the
world trade regime. They also provided an opportunity for countries
to develop trust in one another. Such an approach on climate policy
could complement the existing UNFCCC process.

Decentralized, pledge and review efforts may provide one more
benefit beyond securing broader participation. The heterogeneity in
policy approaches taken at national and regional levels can serve as a
large set of case studies on policy design and implementation (Hahn
1998). By reducing uncertainties about the effectiveness and costs of
various policy approaches, these tests can inform industrialized and
developing countries alike about what does and does not work. This
may be especially valuable for those leaders who are particularly risk
averse about taking on climate change policies.

Despite existing concerns that climate change negotiations are
already excessively complicated, it has been suggested that it may be
possible to promote more participation by enlarging the issues under
consideration. Integrating climate change measures in the development
agenda and the trade agenda may serve as opportunities for effective
issue linkage. Some have suggested that countries without emission
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commitments should have their exports subjected to border tax adjust-
ments based on the carbon content of their goods. The Montreal
Protocol allowed for trade sanctions, and climate change policies could
also incorporate such penalties (Esty, this volume; Nordhaus 1998; and
Aldy, Orszag, and Stiglitz 2001). In a related vein, trade policy and
ratification of the Kyoto Protocol were linked by Russia when it
negotiated with the European Union on its World Trade Organization
accession. Russia agreed to ratify the Protocol when the EU dropped
its objections to Russian pricing of natural gas. Expanding the negoti-
ating game to include development and trade may allow for countries
to make necessary trade-offs.

In contrast, it has also been suggested that negotiations should be
reformed to a more manageable number of countries. The UNFCCC
process, with some 190 member countries, is slow and bureaucratic,
perhaps unnecessary. A smaller group of the most important industri-
alized and developing countries could agree on a new climate change
policy architecture through a simpler, more efficient negotiating process
(Bodansky, this volume). Perhaps the L20 process – representing leaders
of twenty major countries – could provide a more effective venue for
reaching agreement on climate policy. The approach initiated by the
United Kingdom for a G8�5 process on climate change (where the five
developing countries are Brazil, China, India, Mexico, and South Africa
joining the G8 industrialized countries) is similar in approach.

Envisioning the next step for climate policy

The next step to address global climate change needs to be broader
than the Kyoto Protocol, both in terms of the number of countries with
obligations and perhaps the suite of policies to be employed. An impor-
tant challenge is determining whether a bottom-up approach is supe-
rior to a top-down approach. If negotiations over a comprehensive,
top-down approach hinder the development of domestic cap-and-trade
programs or risk derailing the EU ETS for the post-2012 period, then
the international community should consider transitioning to a pledge
and review of mitigation efforts. An effective policy architecture is one
that facilitates action, not imposes paralysis through a slow process.

Second, a climate policy architecture should support adaptation
efforts. Climate change is occurring and will continue to occur to
some extent regardless of greenhouse gas emission mitigation efforts.
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Countries have more incentives to invest in adaptation, since the ben-
efits of adaptation are more localized than the benefits of emission mit-
igation. A climate policy architecture might identify needs for those
countries that lack the capacity and resources to adapt adequately to
the changing climate. The architecture could also focus on leveraging
R & D efforts to focus on the needs of those countries that are most
vulnerable and lack the technology and human capital to invest in
efforts to reduce their exposure to climate change.

Third, continued investment in R & D is necessary. R & D efforts
should focus on emission mitigation, adaptation technologies, and
geoengineering. Stabilizing long-term atmospheric greenhouse gas
concentrations will require the development and deployment of low-
carbon- and eventually zero-carbon-emitting technologies on an exten-
sive scale. Continued R & D efforts can ensure that these technologies
are both feasible and commercially viable at modest costs in the future.
Such emission mitigation efforts should focus on zero-carbon energy
sources, improvements in energy efficiency, and carbon capture and
storage technologies.

Investments in adaptation R & D can deliver an array of benefits in
mitigating the risks of climate change. Some of these efforts could focus
on protecting developed coastal areas against sea-level rise and storm
surges under climate change. Developing countries may benefit from
improved technologies for coastal protection, irrespective of climate
change, given the current risks posed by typhoon and monsoon
seasons. R & D focused on the human health impacts of climate
change, such as for a malaria vaccine, could reduce the risks of climate
change and improve public health in low-income countries in a way
that could facilitate economic development. Incorporating adaptation
R & D efforts in a broad set of climate change policies could promote
effective integration of climate and development policies and provide
incentives for developing countries to participate more fully in the
climate change policy architecture.

The potential for geoengineering to help address the risks of climate
change merits consideration in the R & D portfolio (Schelling,
Summers, Barrett, this volume). Geoengineering worries some partici-
pants in climate policy debates because they abhor the prospect of
attempting a new experiment with the planet to correct an ongoing
inadvertent experiment. But geoengineering need not be considered as
a substitute for emission mitigation. Rather, it might be considered an
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“insurance policy for the insurance policy.” If two, three, or four
decades from now, we learn that the state of knowledge about climate
change in 2007 was wrong – that climate change is much, much worse
than we ever thought – then we would regret not undertaking the rel-
evant research about the effectiveness and side effects of geoengineer-
ing options in the interim. Some have suggested that the direct costs of
geoengineering solutions are quite low (Barrett, this volume), but
clearly research on side effects and unintended impacts needs to be
undertaken (Jacoby, this volume).

Finally, an effective climate policy architecture should be flexible
enough to adapt to new information about climate science, as well as
development, and other economic and technological factors. It should
allow for informed updating of objectives in response to new informa-
tion. Continued research on climate science and economics can inform
the stringency of policies, and learning about the effectiveness and costs
of various policy mechanisms can inform subsequent policy design.
This flexible policy framework might also provide the opportunity for
fruitful linkages with trade, development, and other policy agendas.

The world’s first step to address global climate change, in the Kyoto
Protocol, was not perfect. The next step does not need to be perfect
either, but it ought to be an improvement. A next step needs to be taken,
and it should reflect what has been learned through the experience thus
far in the design and implementation of international climate change
policy. There is no simple, universally accepted way for the world to
move forward on this exceptionally difficult set of challenges. The
climate policy architecture built for the second commitment period and
beyond needs to provide the basis for continued efforts to address the
problem, as well as the flexibility to adapt to new information. A policy
architecture with these characteristics may be one that can secure suffi-
cient international political support to move forward.
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Glossary and abbreviations

Annex B The list of countries taking on legally binding com-
mitments along with a listing of their actual com-
mitments as defined in the Kyoto Protocol.

Annex I Annex I Parties consist of countries belonging to
the OECD and those with economies in transition.
Annex I countries pledged to stabilize their green-
house gas emissions at their 1990 levels, starting in
the year 2000 per Article 4.2 of the UNFCCC.

AR4 Fourth Assessment Report of the IPCC, issued in
2007.

AAU Assigned Amount Unit. An Annex B country’s legally
binding commitment under the Kyoto Protocol is
referred to as its assigned amount. AAUs serve as the
currency for international emission trading under
Article 17 of the Protocol.

banking Saving emission permits for future use in anticipa-
tion that these will accrue value over time.

basket The six types of greenhouse gases of carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O),
hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF6) form a basket
in which the Kyoto commitments are denominated.

BAU Business-as-usual. This refers to the projected level
of greenhouse gas emissions expected without
emission mitigation policies.

benchmark A measurable variable used as a reference in eval-
uating the performance of projects or actions.

BTU British Thermal Unit is a standard measure of the
energy content of fuels.

bubble The idea that emission reductions anywhere
within a specific area count toward compliance.
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The possibility of forming a “bubble” represents
one of the flexible mechanisms included in the
Kyoto Protocol.

cap Absolute emission limit.
cap-and-trade A policy that sets an aggregate emission cap, estab-

lishes emission permits that sum to the cap, allo-
cates the permits to private firms, and allows firms
to buy and sell emission allowances.

carbon dioxide The amount of CO2 that would cause the 
equivalent same amount of radiative forcing as the given

mixture of CO2 and other greenhouse gases.
carbon The uptake and storage of carbon. Trees and 

sequestration plants, for example, absorb carbon dioxide, release
the oxygen, and store the carbon.

carbon sink Any reservoir that takes up carbon released from
some other part of the carbon cycle. For example,
the atmosphere, oceans, and forests are major
carbon sinks because much of the CO2 produced
elsewhere on the Earth ends up in these bodies.

CDM Clean Development Mechanism: In Article 12 of
the Kyoto Protocol, the parties established the
CDM for the purposes of assisting developing
countries in achieving sustainable development
and helping Annex I parties meet their emission
targets; carbon currency: Certified Emission
Reduction units (CERs).

CEA Council of Economic Advisers. The Council serves
the President of the United States and provides the
President with analysis of economic conditions and
policies.

CER Certified Emission Reduction. A CER corresponds
to a specific amount of emission reduction gener-
ated through a Clean Development Mechanism
project.

CH4 Methane. A greenhouse gas whose emission
sources include landfills, rice paddies, livestock,
coal mines, and natural gas systems.

CO2 Carbon dioxide. CO2 is the primary greenhouse
gas affected directly by human activities, and its
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emission sources include fossil fuel combustion,
land use change, and cement production.

commitment The Kyoto Protocol commitment covers a five-year
period period from 2008 through 2012.

COP Conference of the Parties. The supreme body of the
UNFCCC, comprising member countries to the
Convention, that meets annually for negotiations.

economies in The industrialized countries listed in Annex I or
transition Annex B that are undergoing the process of

transition to a market economy. These include
some former Soviet republics, including Russia,
and several central and eastern European countries.

emission leakage A concept referring to the problem that emission
abatement achieved in one location may be off-
set by increased emissions in unregulated loca-
tions.

emission permit In general a tradable entitlement to emit a specified
amount of a substance. In the context of the EU
ETS, the operators of covered installations need to
hold a “greenhouse gas emissions permit” issued
by a competent authority in accordance with
Articles 5 and 6 of the EU ETS Directive.

EU ETS The European Union Emission Trading Scheme,
specified by the Directive 2003/87/EC and
launched in January 2005.

EMU European Monetary Union.
ERU Emission Reduction Unit. An ERU corresponds to

a specific amount of emission reduction generated
through a Joint Implementation project.

GATT General Agreement on Tariffs and Trade. The
GATT was the multilateral agreement for interna-
tional trade policy that was succeeded by the
World Trade Organization.

GWP Global Warming Potential. GWPs measure the
radiative forcing of a greenhouse gas over a specific
period of time relative to that of CO2. The
Kyoto Protocol uses 100-year time horizon GWPs
for comparing and aggregating greenhouse gas
emissions under the Annex B commitments.
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GHG Greenhouse gas. Any trace gas that does not absorb
incoming solar radiation but does absorb long-
wavelength radiation emitted or reflected from
the Earth’s surface. The most important green-
house gases are water vapor, carbon dioxide, nitrous
oxide, methane, chlorofluorocarbons (CFCs), hydro-
fluorocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SF6).

G8 Group of Eight. The G8 includes Canada, France,
Germany, Italy, Japan, Russia, the United
Kingdom, and the United States.

G20 Group of Twenty. The G20 includes the G8
members and major emerging market countries
and provides a forum for finance ministers to
address international finance issues.

HFCs Hydrofluorocarbons. A class of greenhouse gases
whose emission sources include refrigeration and
insulating foam.

hot air Hot air corresponds to the amount by which
some eastern European countries’ Kyoto Protocol
emission commitments exceed their expected
emissions over 2008–2012 without any abate-
ment changes.

ICAO International Civil Aviation Organisation.
IDA The World Bank’s International Development

Association.
IEA International Energy Agency.
IET International Emission Trading, established by

Article 17 of the Kyoto Protocol. Countries with
Annex B commitments can participate in IET.

IIASA International Institute for Allied Systems Analysis.
IMF International Monetary Fund.
IMO International Maritime Organization.
IPCC Intergovernmental Panel on Climate Change. The

IPCC was created in 1988 by the United Nations
Environment Programme and the World Health
Organization to advise the international policy
community on the latest scientific research on
global climate change.

Glossary 371



ITER International Thermonuclear Experimental Reactor.
JI Joint Implementation. JI refers to emission mitiga-

tion projects between industrialized countries as
defined in Article 6 of the Kyoto Protocol.

Kyoto Generic term for the flexible mechanisms of the
Mechanisms Kyoto Protocol: bubbles, JI, CDM and interna-

tional emission trading.
L20 An analog to the G20 whose membership includes

the leaders of the G20 member countries. The L20,
envisioned by former Canadian Prime Minister
Paul Martin, would address a variety of multina-
tional policy issues.

Mercosur The southern common market that aims to
promote trade among Argentina, Brazil, Paraguay,
Uruguay, and Venezuela. Several other South
American countries hold associate member status.

MOP Meeting of the Parties. The supreme body of the
Kyoto Protocol, comprising member countries to
the Protocol, that meets annually for negotiations.

NAP National Allocation Plan. Under the EU ETS,
national governments propose plans for allocating
emission permits that require approval by the
European Commission.

N2O Nitrous oxide. A greenhouse gas whose emission
sources include fossil fuel combustion, fertilizer
manufacture, and agricultural production.

Non-Annex I All countries that do not belong to Annex I of the
country UNFCCC, i.e. the developing countries and some

countries with economies in transition.
OECD Organisation of Economic Co-operation and

Development.
OPEC Organization of the Petroleum Exporting Countries.
PAM Policies and measures. Under the UNFCCC,

Annex I countries should undertake policies and
measures to demonstrate leadership in addressing
global climate change.

PFCs Perfluorocarbons. A class of greenhouse gases
whose emission sources include aluminium smelt-
ing and semiconductor manufacture.
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ppm Parts per million.
ppp Purchasing power parity.
RGGI Regional Greenhouse Gas Initiative.
RTA Regional trade agreement.
SAR Second Assessment Report of the IPCC, issued in

1995.
SF6 Sulfur hexafluoride. A greenhouse gas whose emis-

sion sources include high-voltage equipment insu-
lation and other heavy industry uses.

TAR Third Assessment Report of the IPCC, issued in
2001.

targets and Targets refer to the emission caps for countries and
timetables timetables refer to the timing of the commitment

period.
US EIA US Energy Information Administration.
US EPA US Environmental Protection Agency.
WTO World Trade Organization.
UNFCCC United Nations Framework Convention on

Climate Change. The multilateral agreement that
provides the foundation for international climate
negotiations.
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