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There is now clear scientific evidence that emissions from economic activity, partic-
ularly the burning of fossil fuels for energy, are causing changes to the Earth’s cli-
mate. A sound understanding of the economics of climate change is needed in
order to underpin an effective global response to this challenge.

The Stern Review is an accessible, independent, and comprehensive analysis of
the economic aspects of this crucial issue. It has been conducted by Nicholas Stern,
Head of the UK Government Economic Service, and a former Chief Economist of
the World Bank.

The Review considers all aspects of the issue, including the nature of the econom-
ics and the science; the impact of climate change on growth and development in
both rich and poor countries; the economics of cutting emissions and stabilising
greenhouse gas emissions in the atmosphere; the components of policy on both
mitigation and adaptation; and the challenges of achieving sustained international
collective action. The Review will help to promote a greater understanding of the
impact and effectiveness of national and international policies and arrangements
in reducing emissions in a cost-effective way, and promoting a dynamic, equitable
and sustainable global economy.

The Economics of Climate Change: The Stern Review will be invaluable for anyone
interested in the economics and policy implications of climate change, and students,
economists, scientists and policy makers involved in all aspects of climate change.

Sir Nicholas Stern is Adviser to the UK Government on the Economics of Climate
Change and Development, reporting to the Prime Minister. As well as being Head of
the Stern Review on the Economics of Climate Change, he is Head of the Government
Economic Service, and previously Second Permanent Secretary to Her Majesty’s
Treasury and Director of Policy and Research for the Prime Minister’'s Commission for
Africa. He is also a former Chief Economist for the World Bank and Special Counsellor
to the President of the European Bank for Reconstruction and Development. His
research and publications have focused on economic development and growth, eco-
nomic theory, tax reform, public policy and the role of the state and economies in
transition. He is a Fellow of the British Academy and a Foreign Honorary Member of
the American Academy of Arts and Sciences. His most recent book is Growth and
Empowerment: Making Development Happen (2005, MIT Press). ¢ K
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Comments on The Economics of Climate Change: The Stern Review

‘Nicholas Stern’s review will be seen as a landmark in the struggle against climate
change. It gives a stark warning, but also offers hope. It proves comprehensively that
tackling climate change is a pro-growth strategy. The economic benefits of strong
early action easily outweigh the costs. The framework for action laid out by the Review
is both ambitious and realistic. Climate change is a global problem and Stern’s con-
clusions are a wake-up call not just for the UK, but for every country in the world.’

Rt Hon Tony Blair MP, UK Prime Minister

‘The Stern Review on the Economics of Climate Change is the most comprehensive
analysis yet, not only of the challenges, but also of the opportunities from climate
change. Stern makes clear that climate change is a global challenge that demands a
global solution. Above all, environmental policy is economic policy. It is my hope
that this Review is discussed and understood as widely as possible, throughout the
world, not just by Governments, but also by business leaders, NGOs, international
institutions and society as a whole.’

Rt Hon Gordon Brown MP, UK Chancellor of the Exchequer

‘The Stern Review shows us, with utmost clarity, while allowing fully for all the
uncertainties, what global warming is going to mean; and what can and should be
done to reduce it. It provides numbers for the economic impact, and for the neces-
sary economic policies. It deserves the widest circulation. I wish it the greatest pos-
sible impact. Governments have a clear and immediate duty to accept the challenge
it represents.’

James Mirrlees, recipient of the Nobel Prize for Economics, 1996

‘The stark prospects of climate change and its mounting economic and human
costs are clearly brought out in this searching investigation. What is particularly
striking is the identification of ways and means of sharply minimizing these penal-
ties through acting right now, rather than waiting for our lives to be overrun by rap-
idly advancing adversities. The world would be foolish to neglect this strong but
strictly time-bound practical message.’

Amartya Sen, recipient of the Nobel Prize for Economics, 1998

‘The Stern Review of The Economics of Climate Change provides the most thorough
and rigorous analysis to date of the costs and risks of climate change, and the costs
and risks of reducing emissions. It makes clear that the question is not whether we
can afford to act, but whether we can afford not to act. ... And it provides a compre-
hensive agenda - one which is economically and politically feasible - behind which
the entire world can unite in addressing this most important threat to our future
well being.’

Joseph Stiglitz, recipient of the Nobel Prize for Economics, 2001

.. the world is waiting for a calm, reasonable, carefully argued approach to climate
change: Nick Stern and his team have produced one.’
Robert M. Solow , recipient of the Nobel Prize for Economics, 1987

Fvery much welcome The Stern Review, which provides a much needed crineal
economic analysis of the issues associated with climate change ..’
Paul Wolfowitz, President of the World Bank



‘The Stern Review of The Economics of Climate Change is a vital step forward in
securing an effective global policy on climate change. Led by one of the world’s top
economists, the Stern Review shows convincingly that the benefits of early global
action to mitigate climate change will be far lower than the costs. The report estab-
lishes realistic guidelines for action ... . The Stern Review will play an important role
in helping the world to agree on a sensible post-Kyoto policy.’

Professor Jeffrey D. Sachs, Director of the Earth Institute at Columbia University
and Special Advisor to UN Secretary General

‘The Economics of Climate Change sends a very important and timely message: that
the benefits of strong, early action on climate change outweigh the costs. ...
Congratulations to Sir Nick Stern and his team for producing a landmark review
which I have no doubt will strengthen the political will to change of governments
around the world.’

Claude Mandil, Executive Director of the International Energy Agency

‘The scientific evidence of global warming is overwhelming but some commenta-
tors and lobby groups have continued to oppose offsetting actions on economic
and competitiveness grounds. This comprehensive and authoritative report demol-
ishes their arguments, explaining clearly the complex economics of climate change.
[t makes plain that we can cut emissions radically at a cost to the economy far less
than the economic and human welfare costs which climate change could impose.’
Adair Turner, Former Director of UK Confederation of British Industry and
Economic Advisor to the Sustainable Development Commission

‘When the history of the world’s response to climate change is written, the Stern
Review will be recognized as a turning point. ... Sir Nicholas and his team have pro-
vided important intellectual leadership as humanity engages with its greatest chal-
lenge. ... While the details will be debated, the main thrust of the report is clear and
compelling — the expected benefits of tackling climate change far outweigh the
expected costs.’

Cameron Hepburn, Elizabeth Wordsworth Junior Research Fellow in Economics,
Oxford University

‘Pay now to fix global warming or risk a worldwide economic depression later ... The
[Stern] report moves economic discussion of how humanity should deal with global
warming to center stage ...

USA Today

“The overwhelming message of ... [the] Stern review on the economics of climate
change is that it is now time to move on from arguing about statistics to taking dras-
tic action at an international level. ... Even if Stern is only half right then ... the con-
sequence of doing nothing is still so dreadful that it ought not to be contemplated.’

The Guardian

‘(The report’s] basic point seems unassailable: failure to act now will exact much
greater penalties later on ... If people and industries are made to pay heavily for the
privilege, they will inevitable be driven to develop cleaner fuels, cars and factories...’

The New York Times

“The Stern review makes two invaluable contributions. The first is that it recasts envi-
ronmentalism as economics ... Stern's second serious contribution is to provide a

formula for durable environmentalism, one which binds business and government.’

The Times



‘The [Stern] report argues that environmentalism and economic growth can go
hand in hand in the battle against global warming ... The report by Sir Nicholas
Stern, a senior government economist, represents a huge contrast to the U.5. gov-
ernment’s wait-and-see policies.’

Chicago Tribune

‘... a comprehensive overview of the threat posed by climate change - and how we
should respond to it. ... Sir Nicholas Stern spells out a bleak vision of a future
gripped by violent storms, rising sea-levels, crippling droughts and economic chaos
unless urgent action is taken to tackle global warming. ... a heavyweight review ...
Sir Nicholas Stern’s review of the economic impact of global warming is a watershed.
The former World Bank chief economist has put a price-tag on saving the planet. ...
Sir Nicholas is a sober and respected economist, which makes his findings all the
more chilling.’

The Daily Telegraph

‘Future generations may come to regard the apocalyptic report by Sir Nicholas
Stern ... as the turning point in combating global warming, or as the missed opportu-
nity. ... what Sir Nicholas Stern has done with his report on the economics of climate
change is remarkable; he has ripped up the last excuse for inaction. ... one wouldn't
want to exaggerate, but it does feel like one of those moments that are truly historic ...
the first really comprehensive review of the economics of climate change. For nearly
20 years if has been the science of climate change that has made all the headlines ...
We've heard a thousand calls to action, to stop global warming happening. But what
would that cost the world? And what would doing nothing cost us? ... now Sir Nicholas
Stern and his team have come up with concrete numbers.’

The Independent
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Preface

This Review was announced by the Chancellor of the Exchequer in
July 2005. The Review set out to provide a report to the Prime Minister
and Chancellor by Autumn 2006 assessing:

® the economics of moving to a low-carbon global economy, focus-
ing on the medium to long-term perspective, and drawing implica-
tions for the timescales for action, and the choice of policies and
institutions;

® the potential of different approaches for adaptation to changes in
the climate; and

e specific lessons for the UK, in the context of its existing climate
change goals.

The terms of reference for the Review included a requirement to con-
sult broadly with stakeholders and to examine the evidence on:

e the implications for energy demand and emissions of the prospects
for economic growth over the coming decades, including the com-
position and energy intensity of growth in developed and develop-
ing countries;

e the economic, social and environmental consequences of climate
change in both developed and developing countries, taking into
account the risks of increased climate volatility and major irre-
versible impacts, and the climatic interaction with other air pollu-
tants, as well as possible actions to adapt to the changing climate
and the costs associated with them;

e the costs and benefits of actions to reduce the net global balance
of greenhouse gas emissions from energy use and other sources,
including the role of land-use changes and forestry, taking into
account the potential impact of technological advances on future
costs; and

e the impact and effectiveness of national and international policies
and arrangements in reducing net emissions in a cost-effective
way and promoting a dynamic, equitable and sustainable global
economy, including distributional effects and impacts on incen-
tives for investment in cleaner technologies.

Overall approach to the Review

We have taken a broad view of the economics required to understand
the challenges of climate change. Wherever possible, we have based
our Review on gathering and structuring existing research material.

ix



Preface

Submissions to the Review were invited from 10 October 2005 to 15
January 2006. Sir Nicholas Stern set out his initial views on the
approach to the Review in the Oxonia lecture on 31 January 2006, and
invited further responses to this lecture up to 17 March 2006.

During the Review, Sir Nicholas and members of the team visited a
number of key countries and institutions, including Brazil, Canada,
China, the European Commission, France, Germany, India, Japan,
Mexico, Norway, Russia, South Africa and the USA. These visits and
work in the UK have included a wide range of interactions, including
with economists, scientists, policy-makers, business and NGOs.

The report also draws on the analysis prepared for the International
Energy Agency publications “Energy Technology Perspectives” and
“World Energy Outlook 2006”.

There is a solid basis in the literature for the principles underlying
our analysis. The scientific literature on the impacts of climate change
is evolving rapidly, and the economic modelling has yet to reflect the
full range of the new evidence.

In some areas, we found that existing literature did not provide
answers. In these cases, we have conducted some of our own research,
within the constraints allowed by our timetable and resources. We
also commissioned some papers and analysis to feed into the Review.
A full list of commissioned work and links to the papers are at www.
sternreview.org.uk
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Introduction

The economics of climate change is shaped by the science. That is
what dictates the structure of the economic analysis and policies;
therefore we start with the science.

Human-induced climate change is caused by the emissions of car-
bon dioxide and other greenhouse gases (GHGs) that have accumu-
lated in the atmosphere mainly over the past 100 years.

The scientific evidence that climate change is a serious and urgent
issue is now compelling. It warrants strong action to reduce green-
house gas emissions around the world to reduce the risk of very dam-
aging and potentially irreversible impacts on ecosystems, societies
and economies. With good policies the costs of action need not be
prohibitive and would be much smaller than the damage averted.

Reversing the trend to higher global temperatures requires an urgent,
world-wide shift towards a low-carbon economy. Delay makes the prob-
lem much more difficult and action to deal with it much more costly.
Managing that transition effectively and efficiently poses ethical and
economic challenges, but also opportunities, which this Review sets
out to explore.

Economics has much to say about assessing and managing the
risks of climate change, and about how to design national and inter-
national responses for both the reduction of emissions and adapta-
tion to the impacts that we can no longer avoid. If economics is used
to design cost-effective policies, then taking action to tackle climate
change will enable societies’ potential for well-being to increase
much faster in the long run than without action; we can be ‘green’ and
grow. Indeed, if we are not ‘green’, we will eventually undermine
growth, however measured.

This Review takes an international perspective on the economics of
climate change. Climate change is a global issue that requires a global
response. The science tells us that emissions have the same effects
from wherever they arise. The implication for the economics is that
this is clearly and unambiguously an international collective action
problem with all the attendant difficulties of generating coherent
action and of avoiding free riding. It is a problem requiring interna-
tional cooperation and leadership.

Our approach emphasises a number of key themes, which will fea-
ture throughout.

e We use a consistent approach towards uncertainty. The science of
climate change is reliable, and the direction is clear. But we do not

xiii
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Introduction

know precisely when and where particular impacts will occur.
Uncertainty about impacts strengthens the argument for mitigation:
this Review is about the economics of the management of very
large risks.

e We focus on a quantitative understanding of risk, assisted by
recent advances in the science that have begun to assign proba-
bilities to the relationships between emissions and changes in the
climate system, and to those between the climate and the natural
environment.

e We take a systematic approach to the treatment of inter- and
intra-generational equity in our analysis, informed by a consider-
ation of what various ethical perspectives imply in the context of
climate change. Inaction now risks great damage to the prospects
of future generations, and particularly to the poorest amongst
them. A coherent economic analysis of policy requires that we be
explicit about the effects.

Economists describe human-induced climate change as an ‘external-
ity’ and the global climate as a ‘public good’. Those who create green-
house gas emissions as they generate electricity, power their factories,
flare off gases, cut down forests, fly in planes, heat their homes or drive
their cars do not have to pay for the costs of the climate change that
results from their contribution to the accumulation of those gases in
the atmosphere.

But climate change has a number of features that together distin-
guish it from other externalities. It is global in its causes and conse-
quences; the impacts of climate change are persistent and develop
over the long run; there are uncertainties that prevent precise quan-
tification of the economic impacts; and there is a serious risk of major,
irreversible change with non-marginal economic effects.

This analysis leads us to five sets of questions that shape Parts 2 to 6
of the Review.

e What is our understanding of the risks of the impacts of climate
change, their costs, and on whom they fall?

e What are the options for reducing greenhouse-gas emissions, and
what do they cost? What does this mean for the economics of the
choice of paths to stabilisation for the world? What are the eco-
nomic opportunities generated by action on reducing emissions
and adopting new technologies?

e For mitigation of climate change, what kind of incentive struc-
tures and policies will be most effective, efficient and equitable?
What are the implications for the public finances?

® For adaptation, what approaches are appropriate and how should
they be financed?

® How can approaches to both mitigation and adaptation work at
an international level?



Summary of Conclusions

There is still time to avoid the worst impacts of climate change, if we
take strong action now.

The scientific evidence is now overwhelming: climate change is a
serious global threat, and it demands an urgent global response.

This Review has assessed a wide range of evidence on the impacts
of climate change and on the economic costs, and has used a number
of different techniques to assess costs and risks. From all of these
perspectives, the evidence gathered by the Review leads to a simple
conclusion: the benefits of strong and early action far outweigh the
economic costs of not acting.

Climate change will affect the basic elements of life for people around
the world - access to water, food production, health, and the environ-
ment. Hundreds of millions of people could suffer hunger, water short-
ages and coastal flooding as the world warms.

Using the results from formal economic models, the Review esti-
mates that if we don't act, the overall costs and risks of climate change
will be equivalent to losing at least 5% of global GDP each year, now and
forever. If a wider range of risks and impacts is taken into account, the
estimates of damage could rise to 20% of GDP or more.

In contrast, the costs of action - reducing greenhouse gas emissions
to avoid the worst impacts of climate change - can be limited to around
1% of global GDP each year.

The investment that takes place in the next 10-20 years will have a
profound effect on the climate in the second half of this century and
in the next. Our actions now and over the coming decades could cre-
ate risks of major disruption to economic and social activity, on a
scale similar to those associated with the great wars and the eco-
nomic depression of the first half of the 20th century. And it will be
difficult or impossible to reverse these changes.

So prompt and strong action is clearly warranted. Because climate
change is a global problem, the response to it must be international. It
must be based on a shared vision of long-term goals and agreement
on frameworks that will accelerate action over the next decade, and it
must build on mutually reinforcing approaches at national, regional
and international level.

Climate change could have very serious impacts on growth and
development.

XV



XVi

Summary of Conclusions

If no action is taken to reduce emissions, the concentration of green-
house gases in the atmosphere could reach double its pre-industrial
level as early as 2035, virtually committing us to a global average tem-
perature rise of over 2°C. In the longer term, there would be more
than a 50% chance that the temperature rise would exceed 5°C. This
rise would be very dangerous indeed; it is equivalent to the change in
average temperatures from the last ice age to today. Such a radical
change in the physical geography of the world must lead to major
changes in the human geography — where people live and how they
live their lives.

Even at more moderate levels of warming, all the evidence - from
detailed studies of regional and sectoral impacts of changing weather
patterns through to economic models of the global effects — shows
that climate change will have serious impacts on world output, on
human life and on the environment.

All countries will be affected. The most vulnerable — the poorest
countries and populations — will suffer earliest and most, even though
they have contributed least to the causes of climate change. The costs of
extreme weather, including floods, droughts and storms, are already
rising, including for rich countries.

Adaptation to climate change — that is, taking steps to build resilience
and minimise costs — is essential. It is no longer possible to prevent
the climate change that will take place over the next two to three
decades, but it is still possible to protect our societies and economies
from its impacts to some extent — for example, by providing better infor-
mation, improved planning and more climate-resilient crops and
infrastructure. Adaptation will cost tens of billions of dollars a year in
developing countries alone, and will put still further pressure on
already scarce resources. Adaptation efforts, particularly in develop-
ing countries, should be accelerated.

The costs of stabilising the climate are significant but manageable;
delay would be dangerous and much more costly.

The risks of the worst impacts of climate change can be substantially
reduced if greenhouse gas levels in the atmosphere can be stabilised
between 450 and 550 ppm CO, equivalent (CO,e). The current level is
430 ppm CO,e today, and it is rising at more than 2 ppm each year.
Stabilisation in this range would require emissions to be at least 25%
below current levels by 2050, and perhaps much more.

Ultimately, stabilisation — at whatever level - requires that annual
emissions be brought down to more than 80% below current levels.

This is a major challenge, but sustained long-term action can achieve
it at costs that are low in comparison to the risks of inaction. Central
estimates of the annual costs of achieving stabilisation between 500
and 550 ppm CO,e are around 1% of global GDB if we start to take
strong action now.

Costs could be even lower than that if there are major gains in effi-
ciency, or if the strong co-benefits, for example from reduced air pol-
lution, are measured. Costs will be higher if innovation in low-carbon
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technologies is slower than expected, or if policy-makers fail to make
the most of economic instruments that allow emissions to be reduced
whenever, wherever and however it is cheapest to do so.

It would already be very difficult and costly to aim to stabilise at
450 ppm CO,e. If we delay, the opportunity to stabilise at 500-550 ppm
CO,e may slip away.

Action on climate change is required across all countries, and it need
not cap the aspirations for growth of rich or poor countries.

The costs of taking action are not evenly distributed across sectors or
around the world. Even if the rich world takes on responsibility for
absolute cuts in emissions of 60-80% by 2050, developing countries
must take significant action too. But developing countries should not
be required to bear the full costs of this action alone, and they will not
have to. Carbon markets in rich countries are already beginning to
deliver flows of finance to support low-carbon development, includ-
ing through the Clean Development Mechanism. A transformation of
these flows is now required to support action on the scale required.

Action on climate change will also create significant business oppor-
tunities, as new markets are created in low-carbon energy technolo-
gies and other low-carbon goods and services. These markets could
grow to be worth hundreds of billions of dollars each year, and employ-
ment in these sectors will expand accordingly.

The world does not need to choose between averting climate change
and promoting growth and development. Changes in energy technolo-
gies and in the structure of economies have created opportunities to
decouple growth from greenhouse gas emissions. Indeed, ignoring cli-
mate change will eventually damage economic growth.

Tackling climate change is the pro-growth strategy for the longer
term, and it can be done in a way that does not cap the aspirations for
growth of rich or poor countries.

A range of options exists to cut emissions; strong, deliberate policy
action is required to motivate their take-up.

Emissions can be cut through increased energy efficiency, changes in
demand, and through adoption of clean power, heat and transport
technologies. The power sector around the world would need to be at
least 60% decarbonised by 2050 for atmospheric concentrations to
stabilise at or below 550 ppm CO,e, and deep emissions cuts will also
be required in the transport sector.

Even with very strong expansion of the use of renewable energy
and other low-carbon energy sources, fossil fuels could still make up
over half of global energy supply in 2050. Coal will continue to be
important in the energy mix around the world, including in fast-
growing economies. Extensive carbon capture and storage will be
necessary to allow the continued use of fossil fuels without damage to
the atmosphere.

Cuts in non-energy emissions, such as those resulting from deforesta-
tion and from agricultural and industrial processes, are also essential.



xviii

Summary of Conclusions

With strong, deliberate policy choices, it is possible to reduce emis-
sions in both developed and developing economies on the scale nec-
essary for stabilisation in the required range while continuing to grow.

Climate change is the greatest market failure the world has ever
seen, and it interacts with other market imperfections. Three ele-
ments of policy are required for an effective global response. The first
is the pricing of carbon, implemented through tax, trading or regula-
tion. The second is policy to support innovation and the deployment
of low-carbon technologies. And the third is action to remove barriers
to energy efficiency, and to inform, educate and persuade individuals
about what they can do to respond to climate change.

Climate change demands an international response, based on a shared
understanding of long-term goals and agreement on frameworks for
action.

Many countries and regions are taking action already: the EU,
California and China are among those with the most ambitious poli-
cies that will reduce greenhouse gas emissions. The UN Framework
Convention on Climate Change and the Kyoto Protocol provide a basis
for international co-operation, along with a range of partnerships and
other approaches. But more ambitious action is now required around
the world.

- Countries facing diverse circumstances will use different approaches
to make their contribution to tackling climate change. But action by
individual countries is not enough. Each country, however large, is just
a part of the problem. It is essential to create a shared international
vision of long-term goals, and to build the international frameworks
that will help each country to play its part in meeting these common
goals.

Key elements of future international frameworks should include:

® Emissions trading: Expanding and linking the growing number of
emissions trading schemes around the world is a powerful way to
promote cost-effective reductions in emissions and to bring for-
ward action in developing countries: strong targets in rich coun-
tries could drive flows amounting to tens of billions of dollars each
year to support the transition to low-carbon development paths.

® Technology cooperation: Informal co-ordination as well as formal
agreements can boost the effectiveness of investments in innova-
tion around the world. Globally, support for energy R&D should at
least double, and support for the deployment of new low-carbon
technologies should increase up to five-fold. International co-
operation on product standards is a powerful way to boost energy
efficiency.

® Action to reduce deforestation: The loss of natural forests around
the world contributes more to global emissions each year than the
transport sector. Curbing deforestation is a highly cost-effective
way to reduce emissions; large-scale international pilot programmes
to explore the best ways to do this could get underway very quickly.
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® Adaptation: The poorest countries are most vulnerable to climate
change. It is essential that climate change be fully integrated into
development policy, and that rich countries honour their pledges
to increase support through overseas development assistance.
International funding should also support improved regional infor-
mation on climate change impacts, and research into new crop
varieties that will be more resilient to drought and flood.






2 Economics, Ethics and Climate Change

Climate change is a result of the externality associated with greenhouse-gas emissions — it
entails costs that are not paid for by those who create the emissions.

It has a number of features that together distinguish it from other externalities:

e Itis global in its causes and consequences;

e The impacts of climate change are long-term and persistent;

e Uncertainties and risks in the economic impacts are pervasive.

e There is a serious risk of major, irreversible change with non-marginal economic effects.

These features shape the economic analysis: it must be global, deal with long time hori-
zons, have the economics of risk and uncertainty at its core, and examine the possibility
of major, non-marginal changes.

The impacts of climate change are very broad ranging and interact with other market
failures and economic dynamics, giving rise to many complex policy problems. Ideas
and techniques from most of the important areas of economics, including many recent
advances, have to be deployed to analyse them.

The breadth, magnitude and nature of impacts imply that several ethical perspectives,
such as those focusing on welfare, equity and justice, freedoms and rights, are relevant.
Most of these perspectives imply that the outcomes of climate-change policy are to be
understood in terms of impacts on consumption, health, education and the environment
over time but different ethical perspectives may point to different policy recommendations.

Questions of intra- and inter-generational equity are central. Climate change will have
serious impacts within the lifetime of most of those alive today. Future generations will be
even more strongly affected, yet they lack representation in present-day decisions.

Standard externality and cost-benefit approaches have their usefulness for analysing
climate change, but, as they are methods focused on evaluating marginal changes, and
generally abstract from dynamics and risk, they can only be starting points for further
work.

Standard treatments of discounting are valuable for analysing marginal projects but are
inappropriate for non-marginal comparisons of paths; the approach to discounting
must meet the challenge of assessing and comparing paths that have very different trajec-
tories and involve very long-term and large inter-generational impacts. We must go back
to the first principles from which the standard marginal results are derived.
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The severity of the likely consequences and the application of the above analytical
approaches form the basis of powerful arguments, developed in the Review, in favour of
strong and urgent global action to reduce greenhouse-gas emissions, and of major
action to adapt to the consequences that now cannot be avoided.

The science described in the previous chapter drives the economics that is
required for the analysis of policy. This chapter introduces the conceptual frame-
works that we will use to examine the economics of climate change. It explores, in
Section 2.2, the distinctive features of the externalities associated with green-
house-gas emissions and draws attention to some of the difficulties associated
with a simplistic application of the standard theory of externalities to this prob-
lem. Section 2.3 introduces a variety of ethical approaches and relates them to
the global and long-term nature of the impacts (the discussion is extended in the
appendix to the chapter). Section 2.4 examines some specifics of intertemporal
allocation, including discounting (some further technical details are provided in
the appendix to the chapter). Sections 2.5 and 2.6 consider how economic analy-
sis can get to grips with a problem that is uncertain and involves a serious risk of
large losses of wellbeing, due to deaths, extinctions of species and heavy eco-
nomic costs, rather than the marginal changes more commonly considered in
economics. For most of economic policy, the underlying ethical assumptions are
of great importance, and this applies particularly for climate change: that is why
they are given special attention in this chapter.

The economics introduced in this chapter applies, in principle, to the whole
Review but the analysis of Sections 2.2 to 2.6 is of special relevance to Parts Il and
III, which look at impacts and at the economics of mitigation - assessing how
much action is necessary to reduce greenhouse-gas emissions. Parts IV, V, VI of
this report are devoted to the analysis of policy to promote mitigation and adap-
tation. The detailed, and often difficult, economics of public policy and collective
action that are involved in these analyses are introduced in the sections them-
selves and we provided only brief coverage in Sections 2.7 and 2.8. In the former
section, we refer briefly to the modern public economics of carbon taxation, trad-
ing and regulation and of the promotion of research, development and deplov-
ment, including the problems of various forms of market imperfection affecting
innovation. It also covers an analysis of the role of ‘responsible behaviour' and
how public understanding of this notion might be influenced by public policy,
Section 2.8 explores some of the difficulties of building and sustaining global col-
lective action in response to the global challenge of climate change.

In these ways, this chapter lays the analytical foundations for much of the cco-
nomics required by the challenge of climate change and which is put 1o work in
the course of the analysis presented in this Review.

The subjectdemands analysis across an enormous range ofissues and requintes
all the tools of economics we can muster

and indeed some we wish we had. In

setting out some of these tools, some of the cconomic analy sis of this chapter s



Economics, Ethics and Climate Change 27

inevitably technical, even though the more mathematical material has been ban-
ished to an appendix. Some readers less interested in the technical underpin-
nings of the analysis may wish to skim the more formal analytical material.
Nevertheless, it is important to set out some of the analytical instruments at the
beginning of the Review, since they underpin the analysis of risk, equity and allo-
cation over time that must lie at the heart of a serious analysis of the economics
of climate change.

3 5 rﬁmﬂ’ﬁmﬂmﬁf’w‘”m’fﬂ‘mﬂ%

Climate change results from greenhouse-gas emissions associated with economic
activities including energy, industry, transport and land use.

In common with many other environmental problems, human-induced climate
change is at its most basic level an externality. Those who produce greenhouse-
gas emissions are bringing about climate change, thereby imposing costs on the
world and on future generations, but they do not face directly, neither via markets
nor in other ways, the full consequences of the costs of their actions.

Much economic activity involves the emission of greenhouse gases (GHGS). As
GHGs accumulate in the atmosphere, temperatures increase, and the climatic
changes that result impose costs (and some benefits) on society. However, the full
costs of GHG emissions, in terms of climate change, are not immediately — indeed
they are unlikely ever to be — borne by the emitter, so they face little or no economic
incentive to reduce emissions. Similarly, emitters do not have to compensate those
who lose out because of climate change.! In this sense, human-induced climate
change is an externality, one that is not ‘corrected’ through any institution or mar-
ket,2 unless policy intervenes.

The climate is a public good: those who fail to pay for it cannot be excluded
from enjoying its benefits and one person’s enjoyment of the climate does not
diminish the capacity of others to enjoy it too.> Markets do not automatically pro-
vide the right type and quantity of public goods, because in the absence of public
policy there are limited or no returns to private investors for doing so: in this case,
markets for relevant goods and services (energy, land use, innovation, etc) do not
reflect the consequences of different consumption and investment choices for
the climate. Thus, climate change is an example of market failure involving exter-

" nalities and public goods.* Given the magnitude and nature of the effects initially
described in the previous chapter and taken forward in Parts Il and 111, it has pro-
found implications for economic growth and development. All in all, it must be
regarded as market failure on the greatest scale the world has seen.

The basic theory of externalities and public goods is the starting point for most
economic analyses of climate change and this Review is no exception. The start-
ing point embodies the basic insights of Pigou, Meade, Samuelson and Coase

Symmetrically, those who benefit from climate change do not have to reward emitters.
Pigou (1912).

Samuelson (1954).
Formally, in economic theory, public goods are a special case of externalities where the effects

of the latter are independent of the identity of the emitters or origin of the externalities.

W N —



28

Climate Change — Our Approach

(see Part 1V). But the special features of this particular externality demand, as we
shall see, that the economic analysis go much further.

The science of climate change means that this is a very different form of external-
ity from the types commonly analysed.

Climate change has special features that, together, pose particular challenges for
the standard economic theory of externalities. There are four distinct issues that
will be considered in turn in the sections below.

e Climate change is an externality that is global in both its causes and conse-
quences. The incremental impact of a tonne of GHG on climate change is
independent of where in the world it is emitted (unlike other negative
impacts such as air pollution and its cost to public health), because GHGs dif-
fuse in the atmosphere and because local climatic changes depend on the
global climate system. While different countries produce different volumes
the marginal damage of an extra unit is independent of whether it comes
from the UK or Australia.

e The impacts of climate change are persistent and develop over time. Once in
the atmosphere, some GHGs stay there for hundreds of years. Furthermore,
the climate system is slow to respond to increases in atmospheric GHG con-
centrations and there are yet more lags in the environmental, economic and
social response to climate change. The effects of GHGs are being experienced
now and will continue to work their way through in the very long term.

e The uncertainties are considerable, both about the potential size, type and
timing of impacts and about the costs of combating climate change; hence
the framework used must be able to handle risk and uncertainty.

e The impacts are likely to have a significant effect on the global economy if
action is not taken to prevent climate change, so the analysis has to consider
potentially non-marginal changes to societies, not merely small changes
amenable to ordinary project appraisal.

These features shape much of the detailed economic analysis throughout this
Review. We illustrate with just one example, an important one, which shows how
the dynamic nature of the accumulation of GHGs over time affects one of the stand-
ard analytical workhorses of the economics of externalities and the environment. It
is common to present policy towards climate change in terms of the social cost of
carbon on the margin (SCC) and the marginal abatement cost (MAC). The former is
the total damage from now into the indefinite future of emitting an extra unit of
GHGs now - the science says that GHGs (particularly CO,) stay in the atmosphere
for a very long time. Thus, in its simplest form, the nature of the problem is that the
stock of gases in the atmosphere increases with the net flow of GHG emissions in
this period, and thus decreases with abatement. Therefore, on the one hand, the
SCC curve slopes downwards with increasing abatement in any given period,

assuming that the lower the stock at any point in the future, the less the marginal
damage. On the other hand, the MAC curve slopes upwards with increasing abate-

ment, if it is more costly on the margin o do more abatement as abatement
increases in the given period. The optimum level of abatement must satshy the con-

dition that the MAC equals the SCC. 1T, for ex: imple, the SCCwere bigger than the
MAC, the social gain from one extra unit of ab

and itwould be better to do a little more. We

atement would be Tess than the cost
call the optimum level this period v
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Figure 2.1 The optimum degree of abatement in a given period

In the figure, the SCC and the MAC are drawn as functions of emissions in this period, call it period
0. As drawn, the SCC curve is fairly flat and downward sloping, since extra emissions this period do
not affect the total stock very much, but nevertheless extra abatement now implies a slightly lower
stock in the future. The MAC curve rises, since we assume that, as abatement increases in this
period, the marginal cost goes up. The optimum path for abatement is where xg, X3, X3, ... X;,. . ...
are all set optimally for each period 0,1,2, t... .. into the indefinite future, and the SCC curve is
drawn for each period on the assumption that all future periods are set optimally.

It should be clear that the SCC curve this period depends on future emissions: if
we revised upwards our specified assumptions on future emissions, the whole
SCC curve would shift upwards, and so would the optimum abatement level in
this period, x'o. Thus, if we are thinking about an optimum path over time, rather
than simply an optimum emission for this period, we must recognise that the SCC
curve for any given period depends on the future stock and thus on the future path
of emissions. We cannot sensibly calculate an SCC without assuming that future
emissions and stocks follow some specified path. For different specified paths,
the SCC will be different. For example, it will be much higher on a ‘business as
usual’ path (BAU) than it will be on a path that cuts emissions strongly and even-
tually stabilises concentrations. It is remarkable how often SCC calculations are
vague on this crucial point (see Chapter 13 for a further discussion). Thus we must
be very careful how we use a diagram that is pervasive in the economics of climate
change - see Figure 2.1.

A number of important points follow from this, in addition to the basic one that
an SCC curve cannot be drawn, nor an SCC calculated, without specific assump-
tions on future paths. First, if the SCCrises over time along the specified path then,
for optimality, so too must the MAC. It is very likely that the SCC will rise over time,
since stocks of GHGs will rise as further emissions take place, up to the point
where stabilisation is reached. Thus the MAC at the optimum rises and the inter-
section of the MAC and SCC curves will imply successively greater abatement.
This is true even though the whole MAC curve is likely to be lower for any particu-
lar degree of abatement in the future because learning will have taken place.

Figure 2.2 is thus perhaps more helpful than Figure 2.1 in sketching the nature of
the solution to the problem. The position of the schedule in the left-hand side panel
depends on the stabilisation target chosen for the atmospheric concentration of
greenhouse gases, which in turn depends upon how the expected present values (in
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Figure 2.2 How the path for the social cost of carbon drives the extent of abatement

terms of discounted utility) of costs and benefits of mitigation through time change
as the stabilisation level changes. Hence the choice of stabilisation target implies a
view about what is likely to happen to abatement costs over time. The right-hand
panel shows the shifts in the MAC curve expected at the time the stabilisation target
is chosen.

This illustrates how important it is that the dynamics of the problem are con-
sidered. The conclusion that the MAC rises along an optimum path does nor
automatically follow from an analysis that simply shifts the SCC curve upwards
over time (with higher stocks) and shifts the MAC down over time (with learning),
without linking to the full dynamic optimisation. That optimisation takes account
of the known future fall in costs in determining the whole path for the SCC. We
are simply assuming that this fall in costs could not be of a magnitude to make it
optimum for stocks to fall, that is, for emissions to be less than the Earth system’s
equilibrium capacity to absorb greenhouse gases from the atmosphere.

This analysis raises the second point, about the role of uncertainty. In the above
argument, there is no consideration of uncertainty. If that vital element is now
introduced, the argument becomes more complex. It has to be asked whether the
resolution of uncertainty in any period would lead to a revision of views about the
future probability distributions for abatement costs and climate-change dam-
ages. If, for example, there is unexpected good news that abatement is likely to be
much cheaper than previously thought, then a lower stabilisation target and
more abatement over time than originally planned would become appropriate.
This would reduce the SCC from where it would otherwise have been. However, one
surprisingly good period for costs does not necessarily imply that future periods
will be just as good. In Figure 2.2, persistently faster technical progress than
expected (as opposed to random fluctuations of the MAC around its evpected
value) would lead 1o a downward revision of the stabilisation target and hence
a downward shift in the schedule in the left-hand panel.
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Dynamics and uncertainty are explored further in Chapters 13 and 14, while
analyses involving risk are taken further in Sections 2.5 and 2.6 and in Chapter 6.

This important example shows how important it is to integrate the scientific
features of the externality into the economics and shows further that there are
difficult conceptual and technical questions to be tackled. The analysis must
cover a very broad range, including the economics of: growth and development;
industry; innovation and technological change; institutions; the international
economy; demography and migration; public finance; information and uncer-
tainty; and the economics of risk and equity; and environmental and public
economics throughout.

: . ; W
9 2
:

The special features of the climate-change externality pose difficult questions for
the standard welfare-economic approach to policy.

Chapter 1 shows that the effects of climate change are global, intertemporal and
highly inequitable. The inequity of climate change is examined further in Part II.
Generally, poor countries, and poor people in any given country, suffer the most,
notwithstanding that the rich countries are responsible for the bulk of past emis-
sions. These features of climate change, together with the fact that they have an
impact on many dimensions of human well-being, force us to look carefully at the
underlying ethical judgements and presumptions which underpin, often implicitly,
the standard framework of policy analysis. Indeed, it is important to consider a
broader range of ethical arguments and frameworks than is standard in economics,
both because there are many ways of looking at the ethics of policy towards climate
change, and, also, because in so doing we can learn something about how to apply
the more standard economic approach. There is a growing literature on the ethics
of climate change: analysis of policy cannot avoid grappling directly with the diffi-
cult issues that arise. These ethical frameworks are discussed more formally in the
technical appendix to this chapter; the discussion here is only summary®.

The underlying ethics of basic welfare economics, which underpins much of
the standard analysis of public policy, focuses on the consequences of policy for
the consumption of goods and services by individuals in a community. These
goods and services are generated by labour, past saving, knowledge and natural
resources. The perspective sees individuals as having utility, or welfare, arising
from this consumption. -

In this approach, the objective is to work out the policies that would be set by a
decision-maker acting on behalf of the community and whose role it is to
improve, or maximise, overall social welfare. This social welfare depends on the
welfare of each individual in the community. When goods and services are
defined in a broad way, they can include, for example, education, health and
goods appearing at different dates and in different circumstances. Thus the the-
ory covers time and uncertainty. And, to the extent that individuals value the

5 Particularly important contributions on ethics are those of Beckerman and Pasek (2001),
Broome (1992, 1994, 2004, 2005), Gardiner (2004) and Miiller (2006). We are very grateful to John
Broome for his advice and guidance, but he is not responsible for the views expressed here.
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environment, that too is part of the analysis. Many goods or services, including
education, health and the environment, perform a dual role: individuals directly
value them and they are inputs into the use or acquisition of other consumption
goods. In the jargon, they are both goals and instruments.

The standard economic theory then focuses on flows of goods or services over
time and their distribution across individuals. The list of goods or services should
include consumption (usually monetary or the equivalent), education, health
and the environment. These are usually the areas focused upon in cross-country
comparisons of living standards, such as, for example, in the World Development
Indicators of the World Bank, the Human Development Report of the UNDP, and
the Millennium Development Goals (MDGs) agreed at the UN at the turn of the
millennium. ‘Stocks’ of wealth, infrastructure, the natural environment and so on
enter into the analysis in terms of their influence on flows. Through these choices
of data for central attention and through the choice of goals, the international
community has identified a strong and shared view on the key dimensions of
human well-being.

Those choices of data and goals can be derived from a number of different
ethical perspectives (see, for example, Sen (1999)). Most ethical frameworks
generally used in the analyses of economic policy have some relevance for the
economics of climate change and there are some - for example, those involving
stewardship and sustainability — that are particularly focused on environmental
issues.

The ethical framework of standard welfare economics looks first only at the
consequences of actions (an approach often described as ‘consequentialism’)
and then assesses consequences in terms of impacts on ‘utility’ (an approach
often described as ‘welfarism), as in Sen (1999), Chapter 3 and the appendix to this
chapter). This standard welfare-economic approach has no room, for example,
for ethical dimensions concerning the processes by which outcomes are reached.
Some different notions of ethics, including those based on concepts of rights, just-
ice and freedoms, do consider process. Others, such as sustainability, and stew-
ardship, emphasise particular aspects of the consequences of decisions for others
and for the future, as explained in the technical appendix.

Nevertheless, the consequences on which most of these notions would focus for
each generation often have strong similarities: above all, with respect to the atten-
tion they pay to consumption, education, health and the environment.

And all the perspectives would take into account the distribution of outcomes
within and across generations, together with the risks involved in different
actions, now and over time. Hence the Review focuses on the implications of
action or inaction on climate change for these four dimensions.

How the implications for these four dimensions are assessed, will, of course.
vary according to the ethical position adopted. How policy-makers aggregate
over consequences (i) within generations, (ii) over time, and (iii) according to risk
will be crucial to policy design and choice. Aggregation requires being quantita-
tve mn comparing consequences of different kinds and for different people. The
Review pays special attention to all three forms ol aggregation. In arriy g at deci
sions, or aview, itis not, however, always necessary 1o derive
gives full quantitative content and upﬁmpri;ll(‘ A
elements involved (see below).

asingle number that
weight to all the dimensions and
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Climate change is an externality that is global in both its causes and conse-
quences. Both involve deep inequalities that are relevant for policy.

The incremental impact of a tonne of GHG is independent of where in the world
it is emitted. But the volume of GHGs emitted globally is not uniform.
Historically, rich countries have produced the majority of GHG emissions.
Though all countries are affected by climate change, they are affected in different
ways and to different extents. Developing countries will be particularly badly
hit, for three reasons: their geography; their stronger dependence on agriculture;
and because with their fewer resources comes greater vulnerability. There is
therefore a double inequity in climate change: the rich countries have special
responsibility for where the world is now, and thus for the consequences which
flow from this difficult starting point, whereas poor countries will be particularly
badly hit.

The standard welfare-economics framework has a single criterion, and implicitly,
a single governmental decision-maker. It can be useful in providing a benchmark
for what a ‘good’ global policy would look like. But the global nature of climate
change implies that the simple economic theory with one jurisdiction, one decision-
maker, and one social welfare function cannot be taken literally. Instead, it is neces-
sary to model how different players or countries will interact (see Section 2.8 below
and Pt VI) and to ask ethical questions about how people in one country or region
should react to the impacts of their actions on those in another. This raises ques-
tions of how the welfare of people with very different standards of living should be
assessed and combined in forming judgements on policy.

There are particular challenges in valuing social welfare across countries at differ-
ent stages of development and across different income or consumption levels.

The ethical question of how consequences for people in very different circum-
stances should be aggregated must be faced directly. For the sake of simplicity and
clarity, we shall adopt the perspective of the ‘social welfare function’ approach, as
explained in Box 2.1.

. i
Wi v, i

The stripped-down approach that we shall adopt when we attempt to assess the potential
costs of climate change uses the standard framework of welfare economics. The objective
of policy is taken to be the maximisation of the sum across individuals of social utilities of
consumption. Thus, in this framework, aggregation of impacts across individuals using
social value judgements is assumed to be possible. In particular, we consider consump-
tion as involving a broad range of goods and services that includes education, health and
the environment. The relationship between the measure of social wellbeing — the sum of
social utilities in this argument — and the goods and services consumed by each house-
hold, on which it depends, is called the social welfare function.

In drawing up a social welfare function, we have to make explicit value judgements
about the distribution of consumption across individuals - how much difference should it
make, for example, if a given loss of consumption opportunities affects a rich person
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rather than a poor person, or someone today rather than in a hundred years’ time?
Aggregating social utility across individuals to come up with a measure of social welfare
has its problems. Different value judgements can lead to different rankings of possible
outcomes, and deciding what values should be applied is difficult in democratic soci-
eties’. It is not always consistent with ethical perspectives based on rights and freedoms.
But the approach has the virtue of clarity and simplicity, making it easy to test the sensitiv-
ity of the policy choice that emerges to the value judgements made. It is fairly standard in
the economics of applied policy problems and allows for a consistent treatment of aggre-
gation within and across generations and for uncertainty. The social welfare function’s
treatment of income differences can be calibrated by simple thought experiments. For
example, suppose the decision-maker is considering two possible policy outcomes. In the
second outcome, a poor person receives an income $X more than in the first, but a rich
person receives $Y less; how much bigger than X would Y have to be for the decision-
maker to decide that the second outcome is worse than the first?

Aggregation across education, health, income and environment raises profound
difficulties, particularly when comparisons are made across individuals. Some
common currency or numeraire’ is necessary: the most common way of expressing
an aggregate measure of wellbeing is in terms of real income. That immediately
raises the challenge of expressing health (including mortality) and environmental
quality in terms of income. There have been many attempts to do just that. These
should not be lightly dismissed, since nations often decide how much to allocate to,
for example, accident and emergency services or environmental protection in the
knowledge that a little extra money saves lives and improves the environment.
Indeed, individuals make similar choices in their own lives.

Nevertheless, there are significant difficulties inherent in the valuation of
health and the environment, many of which are magnified across countries
where major differences in income affect individuals’ willingness and ability to
pay for them. For example, a very poor person may not be ‘willing-to-pay’ very
much money to insure her life, whereas a rich person may be prepared to pay a
very large sum. Can it be right to conclude that a poor person’s life or health is
therefore less valuable?® It is surely within the realms of sensible discourse to think
of the consequences of different strategies simultaneously in terms of income,
lives and the environment: that is the approach we adopt where possible. At some
points (such as in Chapter 6), however, we present models from the literature that
do embody estimates of the monetary equivalent of the impacts of climate change
on broader dimensions of welfare (although generally in these contexts incre-
ments in income are valued differently at different levels in income - sce Box 2.1 )
Such exercises should be viewed with some circumspection.

Effectively, in putting it this way, we resist the mterpretation that this is a strict utilitarian sum

of “actual utility” On some of the difficulties and attractions of consequentialism. weltansm
ulilitm'?;‘lnism and other approaches, see c.g.Senand Williams (1982) and Sen (19990 |
The difficulties of this type of aggregation using democratic methods hay e been examimed In
Kenneth Atrow (1931, 1963 using his famous mpossibility theorem’. It has been examimed m

a se'ries of studies by.Amartya Sen (see, for example, Sen (1970, 1986 and 1999)).
Notice hqwever tl}at lfjhe yaluatlo_n oflife in money terms in country A is twice that of country
B, where income in A is twice that in B, we may choose to value increases in income in A half as

much as for B (see Box 2.1 and Chapter 6). In that cas i i
' S . se, extra mortality wou
same way for both countries. v dbevaluedin the
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The effects of GHGs emitted today will be felt for a very long time. That makes some
form of evaluation or aggregation across generations unavoidable. The ethical
decisions on, and approaches to, this issue have major consequences for the
assessment of policy.

The approach we adopt here is similar to that for assessing impacts that fall on dif-
ferent people or nations, and in some respects continues the discussion of ethics
in the preceding section. When we do this formally, we work in terms of sums of
utilities of consumption. Again there is a problem of calibrating the social welfare
function for this purpose but, as with aggregating across people with different
incomes at a moment in time, one can use a series of ‘thought experiments’ to
help (see Box 2.1).

Typically, in the application of the theory of welfare economics to project and
policy appraisal, an increment in future consumption is held to be worth less than
an increment in present consumption, for two reasons. First, if consumption grows,
people are better off in the future than they are now and an extra unit of consump-
tion is generally taken to be worth less, the richer people are. Second, it is some-
times suggested that people prefer to have good things earlier rather than later -
‘pure time preference’ — based presumably in some part on an assessment of the
chances of being alive to enjoy consumption later and in some part ‘impatience’.

Yet assessing impacts over a very long time period emphasises the problem
that future generations are not fully represented in current discussion. Thus we
have to ask how they should be represented in the views and decisions of current
generations. This throws the second rationale for ‘discounting’ future consump-
tion mentioned above — pure time preference - into question. We take a simple
approach in this Review: if a future generation will be present, we suppose that it
has the same claim on our ethical attention as the current one.

Thus, while we do allow, for example, for the possibility that, say, a meteorite
might obliterate the world, and for the possibility that future generations might
be richer (or poorer), we treat the welfare of future generations on a par with our
own. It is, of course, possible that people actually do place less value on the wel-
fare of future generations, simply on the grounds that they are more distant in
time. But it is hard to see any ethical justification for this. It raises logical difficul-

. ties, too. The discussion of the issue of pure time preference has a long and distin-
guished history in economics, particularly among those economists with a strong
interest and involvement in philosophy®. It has produced some powerful asser-
tions. Ramsey (1928, p.543) described pure time discounting as ‘ethically indefens-
ible and [arising] merely from the weakness of the imagination’. Pigou (1932,
pp 24-25) referred to it as implying that ‘our telescopic faculty is defective’. Harrod
(1948, pp 37-40) described it as a ‘human infirmity’ and ‘a polite expression
for rapacity and the conquest of reason by passion’. Solow (1974, p.9) said ‘we
ought to act as if the social rate of time preference were zero (though we would

9 See Dasgupta (1974), Anand and Sen (2000), for a technical discussion of these issues, and further
references and quotes beyond those here. And see Broome (1991) and (2004) for an extended dis-
cussion. We are grateful to Sudhir Anand and John Broome for discussions of these issues.
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simultaneously discount future consumption if we expected the future to be
richer than the present)’. Anand and Sen (2000) take a similar view. So does Cline
(1992) in his analysis of the economics of global warming. The appendix to this
chapter explores these issues in more technical detail, and includes references to
one or two dissenting views.

However, we must emphasise that the approach we adopt, aggregating utility of
consumption, does take directly into account the possibility that future generations
may be richer or poorer, the first rationale for discounting above. Uncertainty about
future prospects plays an important role in the analysis of the Review. How well off
we may be when a cost or benefit arrives does matter to its evaluation, as does the
probability of the occurrence of costs and benefits. Those issues, per se, are not rea-
sons for discounting (other than the case of uncertainty about existence).

A formal discussion of discounting inevitably becomes mathematically tech-
nical, as one must be explicit about growth paths and intertemporal allocations.
The simple techniques of comparing future incomes or consumption with those
occurring now using discount rates (other than for ‘pure time preference’) is not
valid for comparing across paths that are very different. Further, where compari-
sons are for marginal decisions and the use of discount rates is valid, then, for a
number of reasons, particularly uncertainty, discount rates may fall over time.
A formal discussion is provided in the appendix to this chapter: the results are
summarised in Box 2.2.

PTETER Rn s TT

Discounting, as generally used in economics, is a technique relevant for marginal perturb-
ations around a given growth path. A discount rate that is common across projects can be
used only for assessing projects that involve perturbations around a path and not for com-
paring across very different paths.

With marginal perturbations, the key concept is the discount factor: the value of an
increment in consumption at a time in the future relative to now. The discount factor will
generally depend on the consumption level in the future relative to that now, i.e. on growth,
and on the social utility or welfare function used to evaluate consumption (see Box 2.1).

The discount rate is the rate of fall of the discount factor. There is no presumption that it
is constant over time, as it depends on the way in which consumption grows over time.

e If consumption falls along a path, the discount rate can be negative.

e If inequality rises over time, this would work to reduce the discount rate, for the social
welfare functions typically used.

e Ifuncertainty rises as outcomes further into the future are contemplated, this would work
to reduce the discount rate, with the welfare functions typically used. Quantification of
this effect requires specification of the form of uncertainty, and how it changes, and of the
utility function.

With many goods and many houscholds, there will be many discount rates. For example. if
conventional consumption is growing but the environment is deteriorating, then the dis-
countrate for consumption would be positive but for the environment it would be negatie.
Similarly, if the consumption of one group is rising but another is falling, the discount rate
would be positive for the former but negative for the latter.
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Taking the analysis of this section and that of the appendix to this chapter together with
the discussion of ethics earlier in this chapter, it can be seen that the standard welfare
framework is highly relevant as a theoretical basis for assessing strategies and projects in
the context of climate change. However, the implications of that theory are very different
from those of the techniques often used in cost-benefit analysis. For example, a single
constant discount rate would generally be unacceptable for dealing with the long-run,
global, non-marginal impacts of climate change.

For further discussion of discounting, and references to the relevant literature, see the
technical annex to this chapter.

This approach to discounting and the ethics from which it is derived is of great
importance for the analysis of climate change. That is why we have devoted space
to it at the beginning of our Review. If little or no value were placed on prospects
for the long-run future, then climate change would be seen as much less of a
problem. If, however, one thinks about the ethics in terms of most standard eth-
ical frameworks, there is every reason to take these prospects very seriously.

s S & = TR e T ST =T TSR }

The risks and uncertainties around the costs and benefits of climate policy
are large; hence the analytical framework should be able to handle risk and
uncertainty explicitly.

For the moment, we do not make a distinction between risk and uncertainty, but
the distinction is important and we return to it below. Uncertainty affects every
link in the chain from emissions of GHGs through to their impacts. There are
uncertainties associated, for example, with future rates of economic growth, with
the volume of emissions that will follow, with the increases in temperature result-
ing from emissions, with the impacts of these temperature increases and so on.
Similarly, there are uncertainties associated with the economic response to policy
measures, and hence about how much it will cost to reduce GHG emissions.

Our treatment of uncertainty follows a similar approach to that for evaluation
or aggregation over space and time. Where we embody uncertainty formally in
our models, we add utilities over possible states of the world that might result
from climate change, weighting by the probability of those states. This yields
what is known as ‘expected’ utility.

This is essentially the extension of the social utility approach to an uncertain or
‘stochastic’ environment. As in a certain or ‘deterministic’ environment, it has its
ethical difficulties, but it has the virtues of transparency;, clarity, and consistency.
Again, it is fairly standard in applied economics.

The basis of such probabilities should be up-to-date knowledge from science and
economics. This amounts to a ‘subjective’ probability approach.!? It is a pragmatic

10 Often called a ‘Bayesian’ approach, after Thomas Bayes, the 18th century mathematician.
However, the application of Bayes’ ideas to a subjective theory of probability was made in the

20th century. See Ramsey (1931).
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response to the fact that many of the ‘true’ uncertainties around climate-change pol-
icy cannot themselves be observed and quantified precisely, as they can be in many
engineering problems, for example.

The standard expected-utility framework involves aversion to risk and, in this
narrow sense, a ‘precautionary principle’.

This approach to uncertainty, combined with the assumption that the social mar-
ginal utility of income declines as income rises, implies that society will be willing
to pay a premium (insurance) to avoid a simple actuarially fair gamble where
potential losses and gains are large. As Parts II and III show, potential losses from
climate change are large and the costs of avoidance (the insurance premium
involved in mitigation), we argue, seem modest by comparison.

The analytical approach incorporates aspects of insurance, caution and pre-
caution directly, and does not therefore require a separate ‘precautionary prin-
ciple’ to be imposed as an extra ethical criterion.

More modern theories embodying a distinction between uncertainty and risk sug-
gest an explicit ‘precautionary principle’ beyond that following from standard
expected-utility theory.

The distinction between uncertainty and risk is an old one, going back at least to
Knight (1921) and Keynes (1921). In their analysis, risk applied when one could
make some assessment of probabilities and uncertainty when one does not have
the ability to assess probabilities. In a fascinating paper, Claude Henry (2006) puts
these ideas to work on problems in science and links them to modern theories of
behaviour towards risk. He uses two important examples to illustrate the rele-
vance of a precautionary principle in the presence of uncertainty. The first is the
link between bovine spongiform encephalopathy (BSE) in cows and Creutzfeld-
Jacob Disease (CJD) in humans and the second, the link between asbestos and
lung disease.

For the first, UK scientists asserted for some time that there could be no link
because of ‘a barrier between species’. However in 1991 scientists in Bristol suc-
ceeded in inoculating a cat with BSE and the hypothesis of ‘a barrier’ was destroyed.
Around the same time, a scientist, Stanley Prusiner, identified protein mutations
that could form the basis of a link. These resuits did not establish probabilities but
they destroyed ‘certainty’. By introducing uncertainty, the finding opened up the
possibility of applying a precautionary principle.

For the second, a possible link between asbestos and lung disease was suggested
as early as 1898 by health inspectors in the UK, and in 1911 on a more scientific
basis after experiments on rats. Again the work was not of a kind to establish prob-
abilities but provided grounds for precaution. Unfortunately, industry lobbving
prevented a ban on asbestos and the delay of fifty years led to considerable loss of
life. Application of the precautionary principle could have saved lives.

Henry refers to recent work by Maccheroni et al (2005) and Klibanoff ¢t al
(2005) that formalises this type of argument,'" giving, in effect. a formal deserip-
tion of the precautionary principle. In this formalisation, there are a number of
possible probability distributions over outcomes that could follow from some

IT See also Chichilnisky (2000)
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action. But the decision-maker, who is trying to choose which action to take, does
not know which of these distributions is more or less likely for any given action. It
can be shown under formal but reasonable assumptions!? that she would act as if
she chooses the action that maximises a weighted average of the worst expected
utility and the best expected utility, where best and worst are calculated by com-
paring expected utilities using the different probability distributions. The weight
placed on the worst outcome would be influenced by concern of the individual
about the magnitude of associated threats, or pessimism, and possibly any hunch
about which probability might be more or less plausible. It is an explicit embodi-
ment of ‘aversion to uncertainty’, sometimes called ‘aversion to ambiguity’, and is
an expression of the ‘precautionary principle’ It is different from and additional
to the idea of ‘aversion to risk’ associated with and derived from expected utility.
The ability to work with probability distributions in the analysis of climate
change was demonstrated in Chapter 1. But there is genuine uncertainty over
which of these distributions should apply. In particular, the science and economics
are particularly sparse precisely where the stakes are highest — at the high tempera-
tures we now know may be possible. Uncertainty over probability distributions is
precisely the situation we confront in the modelling of Chapter 6. As Claude Henry
puts it in the conclusion to his 2006 paper, ‘uncertainty should not be inflated and
invoked as an alibi for inaction’. We now have a theory that can describe how to act.

There is a serious risk that, without action to prevent climate change, its impacts
will be large relative to the global economy, much more so than for most other
environmental problems.

The impacts of climate change on economies and societies worldwide could be
large relative to the global economy. Specifically, it cannot be assumed that the
global economy, net of the costs of climate change, will grow at a certain rate in
the future, regardless of whether nations follow a ‘business as usual’ path or
choose together to reduce GHG emissions. In this sense, the decision is not a
marginal one.

The issues are represented schematically in Figure 2.3, which compares two
paths, one with mitigation and one without. We should note that, in this diagram,
there is uncertainty around each path, which should be analysed using the
approaches of the preceding section. This is crucial to the analysis in much of the
Review. Income on the ‘path with mitigation’ is below that on the path without
(‘business as usual’) for the earlier time period, because costs of mitigation are
incurred. Later, as the damages from climate change accumulate, growth on the
‘path without mitigation’ will slow and income will fall below the level on the other
path. The analysis of Part IIT attempts to quantify these effects and finds that the
‘greener’ path (with mitigation) allows growth to continue but, on the path without
mitigation, income will suffer. The analysis requires formal comparison between

12 Egsentially the axioms are similar to those of the standard Von Neumann-Morgenstern
theorem deriving expected utility except the dependence axiom is relaxed slightly. See Gollier
(2001), for example, for a description of the Von Neumann-Morgenstern approach.
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Figure 2.3 Conceptual approach to comparing divergent growth paths over the long term

paths and Part III shows that the losses from mitigation in the near future are
strongly outweighed by the later gains in averted damage.

Having established the importance of strong mitigation in Parts II and III of the
Review, Part IV is devoted to policy to bring it about. The basic theory of external-
ities identifies the source of the economic problem in untaxed or unpriced
emissions of GHGs.

The externality requires a price for emissions: that is the first task of mitigation
policy.

The first requirement is therefore to introduce taxes or prices for GHGs. The
Pigou treatment of externalities points to taxes based on the marginal damages
caused by carbon emissions. In the diagram shown in Figure 2.1, the appropriate
tax would be equal to the social cost of carbon at the point where it is equal to the
marginal abatement cost. Faced with this tax, the emitters would choose the
appropriate level of abatement.

However, the modern theory of risk indicates that long-term quantity targets
may be the right direction for policy, with trading within those targets or regular
revision of taxes to keep on course towards the long-run objective (see Chapter 14).
Given the long-run nature of many of the relevant decisions, whichever policies are
chosen, credibility and predictability of policy will be crucial to effectiveness.

The second task of mitigation policy is to promote research, development and
deployment.

However, the inevitable absence of total credibility for GHG pricing policy
decades into the future may inhibit investment in emission reduction, particu-
larly the development of new technologies. Action on climate change requires
urgency, and there are generally obstacles, due to inadequate property rights,
preventing investors reaping the full return to new ideas. Specifically, there are
spitlovers in learning (another externality), associated with the de clopment
and adoption of new low-emission technologies that can affect how much emis
sions are reduced. Thus the economics of mitigating climate change mvolh es
understanding the processes of innovation.
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The spillovers occur in a number of ways. A firm is unlikely to be able to appro-
priate all the benefits, largely because knowledge has some characteristics of a
public good. In particular, once new information has been created, it can be virtu-
ally costless to copy. This allows a competitor with access to the information to
capture the benefits without undertaking the research and development (R&D).
Patents are commonly used to reduce this problem. In addition, there are typically
‘adoptive externalities’ to other firms that arise from the processes whereby tech-
nology costs fall as a result of increasing adoption. These spillovers are likely to be
particularly important in the case of low-emission technologies that can help to
mitigate climate change, as Chapter 16 explains.

Other interacting barriers or problem that are relevant include

e asymmetric and inadequate information — for example, about energy-efficiency
measures

e policy-induced uncertainties — such as uncertainty about the implicit price of
carbon in the future

e moral hazard or ‘gaming’ - for example firms might rush to make carbon- -
emitting investments to avoid the possibility of more stringent regulation in
the future

e perverse regulatory incentives —such as the incentive to establish a high base-
line of emissions in regimes where carbon quotas are ‘grandfathered’

e the endogenous price dynamics of exhaustible natural resources — and the
risk that fossil-fuel prices could fall in response to strong climate-change pol-
icy, threatening to undermine it.'?

These issues involve many of the most interesting theoretical questions studied
by economists in recent years in industrial, regulatory and natural resource
economics.

There are important challenges for public policy to promote mitigation beyond
the two tasks just described. That is the subject of Chapter 16. These include regula-
tion and standards and deepening public understanding of responsible behaviour.

Standards and regulation can provide powerful and effective policies to promote
action on mitigation.

The learning process for new technologies is uncertain. There are probably

important scale effects in this process due to experience or learning-by-doing

and the externalities of learning-by-watching. In these circumstances, standards

for emissions, for example, can provide a clear sense of direction and reduced
_ uncertainty for investors, allowing these economies of scale to be realised.

In other circumstances, particularly concerning energy efficiency, there will be
market imperfections, for example due to the nature of landlord-tenant relations
in property, that may inhibit adaptation of beneficial investments or technolo-
gies. In these circumstances, regulation can produce results more efficient than
those that are available from other instruments alone.

Information, education and public discussion can play a powerful role in shaping
understanding of reasonable behaviour.

13 The economic theory of exhaustible natural resources is expounded by Dasgupta and Heal
(1979). A seminal reference is Hotelling (1931). See, also, Ulph and Ulph (1994), Sinclair (1992)

and Sinclair (1994).



42

Climate Change — Our Approach

Economists tend to put most of weight in public-policy analyses and recommen-
dations on market instruments to which firms and houscholds respond. And
there are excellent reasons for this — firms and households know more about their
own circumstances and can respond strongly to incentives. But the standard
‘sticks and carrots’ of this line of argument do not constitute the whole story.

Chapter 17 argues that changing attitudes is indeed likely to be a crucial part of
a policy package. But it raises ethical difficulties: who has the right or authority to
attempt to change preferences or attitudes? We shall adopt the approach of John
Stuart Mill and others who have emphasised ‘government by discussion’ as the
way in which individuals can come to decisions individually and collectively as to
the ethical and other justifications of different approaches to policy.

The principles of public policy for mitigation elaborated so far do not take very
explicit account of the international nature of the challenge. This is a global prob-
lem and mitigation is a global public good. This means that it is, from some per-
spectives, ‘an international game’ and the theory of games does indeed provide
powerful insights. The challenge is to promote and sustain international collect-
ive action in a context where ‘free-riding’ is a serious problem. Adaptation, like
mitigation, raises strong and difficult international issues of responsibility and
equity, and also has some elements of the problem of providing public goods.

Aspects of adaptation to climate change also have some of the characteristics of
public goods and require public policy intervention.

Concerns about the provision of public goods affect policy to guide adaptation to
the adverse impacts of climate change. This is the subject of Part V of the Review.
Compared with efforts to reduce emissions, adaptation provides immediate,
local benefits for which there is some degree of private return. Nevertheless, effi-
cient adaptation to climate change is also hindered by market failures, notably
inadequate information on future climate change and positive externalities in
the provision of adaptation (where the social return remains higher than the
return that wiil be captured by private investors). These market failures may limit
the amount of adaptation undertaken — even where it would be cost-effective.

The ethics of adaptation imply strong support from the rich countries to the most
vulnerable.

The poorest in society are likely to have the least capacity to adapt, partly because
of resource constraints on upfront investment in adaptive capacity. Given that
the greatest need for adaptation will be in low-income countries, overcoming
financial constraints is also a key objective. This will involve transfers from rich
countries to poor countries. The argument is strongly reinforced by the historical
responsibility of rich countries for the bulk of accumulated sl()(‘ks»()i'(}l 1Gs. Poor
countries are suffering and will suffer from climate change generated in the past
by consumption and growth in rich countries.

Action on climate change thatis up to the scale of the

. i challenge requires countries
to participate voluntarily in a sustained, coordinate

d, international effort.
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Climate change shares some characteristics with other environmental challenges
linked to the management of common international resources, including the
protection of the ozone layer and the depletion of fisheries. Crucially, there is
no global single authority with the legal, moral, practical or other capacity to
manage the climate resource.

This is particularly challenging, because, as Chapter 8 makes clear, no one
country, region or sector alone can achieve the reductions in GHG emissions
required to stabilise atmospheric concentrations of GHGs at the necessary level.
In addition, there are significant gains to co-operating across borders, for example
in undertaking emission reductions in the most cost-effective way. The econom-
ics and science point to the need for emitters to face a common price of emis-
sions at the margin. And, although adaptation to climate change will often deliver
some local reduction in its impact, those countries most vulnerable to climate
change are particularly short of the resources to invest in adaptation. Hence
international collective action on both mitigation and adaptation is required, and
Part VI of the Review discusses the challenges and options.

Economic tools such as game theory, as well as insights from international rela-
tions, can aid the understanding of how different countries, with differing incen-
tives, preferences and cost structures, can reach agreement. The problem of
free-riding on the actions of others is severe. International collective action on any
issue rests on the voluntary co-operation of sovereign states. Economic analysis
suggests that multilateral regimes succeed when they are able to define the gain to
co-operation, share it equitably and can sustain co-operation in ways that over-
come incentives for free-riding.

Our response to climate change as a world is about the choices we make about
development, growth, the kind of society we want to live in, and the opportun-
ities it affords this and future generations. The challenge requires focusing on out-
comes that promote wealth, consumption, health, reduced mortality and greater
social justice.

The empirical analysis of impacts and costs, together with the ethical frame-
works we have examined, points to strong action to mitigate GHG emissions. And,
given the responsibility of the rich countries for the bulk of the current stock of
GHGs, and the poverty and vulnerability of developing countries that would be
hardest hit, the analysis suggests that rich countries should bear the major respon-
sibility for providing the resources for adjustment, at least for the next few years.
The reasons for strong action by the rich countries are similar to those for aid:

e the moral consequences which flow from a recognition of a common human-
ity of deep poverty;

e the desire to build a more collaborative, inclusive and better world;

e common interest in the climate and in avoiding dislocation;

® historical responsibility.
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Much of the economics we have begun to describe here and that is put to use in
the subsequent parts of this Review is not simple. But the structure of this eco-
nomics is essentially dictated by the structure of the science. And we have seen
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that it is not possible to provide a coherent and serious account of the economics
of climate change without close attention to the ethics underlying cconomic pol-
icy raised by the challenges of climate change.

The economics of climate change is as broad ranging, deep and complicated as
any other area of economics. Indeed, it combines most of the difficulties of other
areas of economics. It is unavoidably technical in places. It is the task of this
Review to explore the economics of climate change in the depth that is possible
given the current state of economic and scientific knowledge. And it should
already be clear that much more research is necessary. In many ways, the science
has progressed further than the economics.

The scope and depth of the subject require us to put the tools of economics to
work across the whole range of the subject. Indeed they point to the importance
of tools we wish we had. Nevertheless, the economics can be very powerful in
pointing us towards important policy conclusions, as we have already begun to
see in this chapter. The urgency of the problems established by the science points
to the urgency of translating what we can already show with the economic analy-
sis into concrete policy actions. In doing so, the international dimension must be
at centre stage.

This chapter touches on many important topics in ethics, social choice and economic theory.
On social choice theory, Sen (1986) is a thorough guide, while Sen (1970) is a classic analysis of
collective choice and social welfare. Broome (2004) examines the complexities of assessing inter-
generational welfare. Henry (2006) considers the distinction between risk aversion and aversion
to ambiguity or Knightian uncertainty. Gollier (2001) also raises many important issues concern-
ing discounting of the future. Dasgupta and Heal (1979) investigate the economics of exhaustible
resources and its implications for price theory, many of which are not intuitive.
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