STERN REVIEW: The Economics of Climate Change

Policy to reduce emissions should be based on three essential elements:
carbon pricing, technology policy, and removal of barriers to behavioural
change.

There are complex challenges in reducing greenhouse-gas emissions. Policy
frameworks must deal with long time horizons and with interactions with a range of
other market imperfections and dynamics.

A shared understanding of the long-term goals for stabilisation is a crucial guide to
policy-making on climate change: it narrows down strongly the range of acceptable
emissions paths. But from year to year, flexibility in what, where and when reductions
are made will reduce the costs of meeting these stabilisation goals.

Policies should adapt to changing circumstances as the costs and benefits of
responding to climate change become clearer over time. They should also build on
diverse national conditions and approaches to policy-making. But the strong links
between current actions and the long-term goal should be at the forefront of policy.

Three elements of policy for mitigation are essential: a carbon price, technology
policy, and the removal of barriers to behavioural change. Leaving out any one of
these elements will significantly increase the costs of action.

Establishing a carbon price, through tax, trading or regulation, is an essential
foundation for climate-change policy.

The first element of policy is carbon pricing. Greenhouse gases are, in economic
terms, 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 the full consequences of their actions themselves.

Putting an appropriate price on carbon — explicitly through tax or trading, or implicitly
through regulation — means that people are faced with the full social cost of their
actions. This will lead individuals and businesses to switch away from high-carbon
goods and services, and to invest in low-carbon alternatives. Economic efficiency
points to the advantages of a common global carbon price: emissions reductions will
then take place wherever they are cheapest.

The choice of policy tool will depend on countries’ national circumstances, on the
characteristics of particular sectors, and on the interaction between climate-change
policy and other policies. Policies also have important differences in their
consequences for the distribution of costs across individuals, and their impact on the
public finances. Taxation has the advantage of delivering a steady flow of revenue,
while, in the case of trading, increasing the use of auctioning is likely to have strong
benefits for efficiency, for distribution and for the public finances. Some
administrations may choose to focus on trading initiatives, others on taxation or
regulation, and others on a mix of policies. And their choices may vary across
sectors.

Trading schemes can be an effective way to equalise carbon prices across countries
and sectors, and the EU Emissions Trading Scheme is now the centrepiece of
European efforts to cut emissions. To reap the benefits of emissions trading,
schemes must provide incentives for a flexible and efficient response. Broadening
the scope of trading schemes will tend to lower costs and reduce volatility. Clarity
and predictability about the future rules and shape of schemes will help to build
confidence in a future carbon price.
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STERN REVIEW: The Economics of Climate Change

In order to influence behaviour and investment decisions, investors and consumers
must believe that the carbon price will be maintained into the future. This is
particularly important for investments in long-lived capital stock. Investments such as
power stations, buildings, industrial plants and aircraft last for many decades. If there
is a lack of confidence that climate change policies will persist, then businesses may
not factor a carbon price into their decision-making. The result may be
overinvestment in long-lived, high-carbon infrastructure — which will make emissions
cuts later on much more expensive and difficult.

But establishing credibility takes time. The next 10 to 20 years will be a period of
transition, from a world where carbon-pricing schemes are in their infancy, to one
where carbon pricing is universal and is automatically factored into decision making.
In this transitional period, while the credibility of policy is still being established and
the international framework is taking shape, it is critical that governments consider
how to avoid the risks of locking into a high-carbon infrastructure, including
considering whether any additional measures may be justified to reduce the risks.

Policies are required to support the development of a range of low-carbon and
high-efficiency technologies on an urgent timescale.

The second element of climate-change policy is technology policy, covering the full
spectrum from research and development, to demonstration and early stage
deployment. The development and deployment of a wide range of low-carbon
technologies is essential in achieving the deep cuts in emissions that are needed.
The private sector plays the major role in R&D and technology diffusion, but closer
collaboration between government and industry will further stimulate the
development of a broad portfolio of low carbon technologies and reduce costs.

Many low-carbon technologies are currently more expensive than the fossil-fuel
alternatives. But experience shows that the costs of technologies fall with scale and
experience, as shown in Figure 5 below.

Carbon pricing gives an incentive to invest in new technologies to reduce carbon;
indeed, without it, there is little reason to make such investments. But investing in
new lower-carbon technologies carries risks. Companies may worry that they will not
have a market for their new product if carbon-pricing policy is not maintained into the
future. And the knowledge gained from research and development is a public good;
companies may under-invest in projects with a big social payoff if they fear they will
be unable to capture the full benefits. Thus there are good economic reasons to
promote new technology directly.

Public spending on research, development and demonstration has fallen significantly
in the last two decades and is now low relative to other industries. There are likely
to be high returns to a doubling of investments in this area to around $20 billion per
annum globally, to support the development of a diverse portfolio of technologies.
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STERN REVIEW: The Economics of Climate Change

Figure 5: The costs of technologies are likely to fall over time
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Historical experience of both fossil-fuel and low-carbon technologies shows that as scale increases,
costs tend to fall. Economists have fitted ‘learning curves’ to costs data to estimate the size of this effect.
An illustrative curve is shown above for a new electricity-generation technology; the technology is
initially much more expensive than the established alternative, but as its scale increases, the costs fall,
and beyond Point A it becomes cheaper. Work by the International Energy Agency and others shows
that such relationships hold for a range of different energy technologies.

A number of factors explain this, including the effects of learning and economies of scale. But the
relationship is more complex than the figure suggests. Step-change improvements in a technology might
accelerate progress, while constraints such as the availability of land or materials could result in
increasing marginal costs.

In some sectors - particularly electricity generation, where new technologies can
struggle to gain a foothold - policies to support the market for early-stage
technologies will be critical. The Review argues that the scale of existing deployment
incentives worldwide should increase by two to five times, from the current level of
around $33 billion per annum. Such measures will be a powerful motivation for
innovation across the private sector to bring forward the range of technologies
needed.

The removal of barriers to behavioural change is a third essential element, one
that is particularly important in encouraging the take-up of opportunities for
energy efficiency.

The third element is the removal of barriers to behavioural change. Even where
measures to reduce emissions are cost-effective, there may be barriers preventing
action. These include a lack of reliable information, transaction costs, and
behavioural and organisational inertia. The impact of these barriers can be most
clearly seen in the frequent failure to realise the potential for cost-effective energy
efficiency measures.

Regulatory measures can play a powerful role in cutting through these complexities,
and providing clarity and certainty. Minimum standards for buildings and appliances
have proved a cost-effective way to improve performance, where price signals alone
may be too muted to have a significant impact.

Information policies, including labelling and the sharing of best practice, can help
consumers and businesses make sound decisions, and stimulate competitive
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STERN REVIEW: The Economics of Climate Change

markets for low-carbon and high-efficiency goods and services. Financing measures
can also help, through overcoming possible constraints to paying the upfront cost of
efficiency improvements.

Fostering a shared understanding of the nature of climate change, and its
consequences, is critical in shaping behaviour, as well as in underpinning national
and international action. Governments can be a catalyst for dialogue through
evidence, education, persuasion and discussion. Educating those currently at school
about climate change will help to shape and sustain future policy-making, and a
broad public and international debate will support today’s policy-makers in taking
strong action now.

Adaptation policy is crucial for dealing with the unavoidable impacts of climate
change, but it has been under-emphasised in many countries.

Adaptation is the only response available for the impacts that will occur over the next
several decades before mitigation measures can have an effect.

Unlike mitigation, adaptation will in most cases provide local benefits, realised
without long lead times. Therefore some adaptation will occur autonomously, as
individuals respond to market or environmental changes. Some aspects of
adaptation, such as major infrastructure decisions, will require greater foresight and
planning. There are also some aspects of adaptation that require public goods
delivering global benefits, including improved information about the climate system
and more climate-resilient crops and technologies.

Quantitative information on the costs and benefits of economy-wide adaptation is
currently limited. Studies in climate-sensitive sectors point to many adaptation
options that will provide benefits in excess of cost. But at higher temperatures, the
costs of adaptation will rise sharply and the residual damages remain large. The
additional costs of making new infrastructure and buildings resilient to climate change
in OECD countries could be $15 — 150 billion each year (0.05 — 0.5% of GDP).

The challenge of adaptation will be particularly acute in developing countries, where
greater vulnerability and poverty will limit the capacity to act. As in developed
countries, the costs are hard to estimate, but are likely to run into tens of billions of
dollars.

Markets that respond to climate information will stimulate adaptation among
individuals and firms. Risk-based insurance schemes, for example, provide strong
signals about the size of climate risks and therefore encourage good risk
management.

Governments have a role in providing a policy framework to guide effective
adaptation by individuals and firms in the medium and longer term. There are four
key areas:

e High-quality climate information and tools for risk management will help to
drive efficient markets. Improved regional climate predictions will be critical,
particularly for rainfall and storm patterns.

e Land-use planning and performance standards should encourage both
private and public investment in buildings and other long-lived infrastructure
to take account of climate change.
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STERN REVIEW: The Economics of Climate Change

e Governments can contribute through long-term polices for climate-sensitive
public goods, including natural resources protection, coastal protection, and
emergency preparedness.

e A financial safety net may be required for the poorest in society, who are
likely to be the most vulnerable to the impacts and least able to afford
protection (including insurance).

Sustainable development itself brings the diversification, flexibility and human capital
which are crucial components of adaptation. Indeed, much adaptation will simply be
an extension of good development practice — for example, promoting overall
development, better disaster management and emergency response. Adaptation
action should be integrated into development policy and planning at every level.

An effective response to climate change will depend on creating the conditions
for international collective action.

This Review has identified many actions that communities and countries can take on
their own to tackle climate change.

Indeed, many countries, states and companies are already beginning to act.
However, the emissions of most individual countries are small relative to the global
total, and very large reductions are required to stabilise greenhouse gas
concentrations in the atmosphere. Climate change mitigation raises the classic
problem of the provision of a global public good. It shares key characteristics with
other environmental challenges that require the international management of
common resources to avoid free riding.

The UN Framework Convention on Climate Change (UNFCCC), Kyoto Protocol and
a range of other informal partnerships and dialogues provide a framework that
supports co-operation, and a foundation from which to build further collective action.

A shared global perspective on the urgency of the problem and on the long-term
goals for climate change policy, and an international approach based on multilateral
frameworks and co-ordinated action, are essential to respond to the scale of the
challenge. International frameworks for action on climate change should encourage
and respond to the leadership shown by different countries in different ways, and
should facilitate and motivate the involvement of all states. They should build on the
principles of effectiveness, efficiency and equity that have already provided the
foundations of the existing multilateral framework.

The need for action is urgent: demand for energy and transportation is growing
rapidly in many developing countries, and many developed countries are also due to
renew a significant proportion of capital stock. The investments made in the next
10-20 years could lock in very high emissions for the next half-century, or present an
opportunity to move the world onto a more sustainable path.

International co-operation must cover all aspects of policy to reduce emissions —
pricing, technology and the removal of behavioural barriers, as well as action on
emissions from land use. And it must promote and support adaptation. There are
significant opportunities for action now, including in areas with immediate economic
benefits (such as energy efficiency and reduced gas flaring) and in areas where
large-scale pilot programmes would generate important experience to guide future
negotiations.
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STERN REVIEW: The Economics of Climate Change

Agreement on a broad set of mutual responsibilities across each of the relevant
dimensions of action would contribute to the overall goal of reducing the risks of
climate change. These responsibilities should take account of costs and the ability to
bear them, as well as starting points, prospects for growth and past histories.

Securing broad-based and sustained co-operation requires an equitable distribution
of effort across both developed and developing countries. There is no single formula
that captures all dimensions of equity, but calculations based on income, historic
responsibility and per capita emissions all point to rich countries taking responsibility
for emissions reductions of 60-80% from 1990 levels by 2050.

Co-operation can be encouraged and sustained by greater transparency and
comparability of national action.

Creating a broadly similar carbon price signal around the world, and using
carbon finance to accelerate action in developing countries, are urgent
priorities for international co-operation.

A broadly similar price of carbon is necessary to keep down the overall costs of
making these reductions, and can be created through tax, trading or regulation. The
transfer of technologies to developing countries by the private sector can be
accelerated through national action and international co-operation.

The Kyoto Protocol has established valuable institutions to underpin international
emissions trading. There are strong reasons to build on and learn from this approach.
There are opportunities to use the UNFCCC dialogue and the review of the
effectiveness of the Kyoto Protocol, as well as a wide range of informal dialogues, to
explore ways to move forward.

Private sector trading schemes are now at the heart of international flows of carbon
finance. Linking and expanding regional and sectoral emissions trading schemes,
including sub-national and voluntary schemes, requires greater international co-
operation and the development of appropriate new institutional arrangements.

Decisions made now on the third phase of the EU ETS provide an opportunity
for the scheme to influence, and become the nucleus of, future global carbon
markets.

The EU ETS is the world’s largest carbon market. The structure of the third phase of
the scheme, beyond 2012, is currently under debate. This is an opportunity to set out
a clear, long-term vision to place the scheme at the heart of future global carbon
markets.

There are a number of elements which will contribute to a credible vision for the EU
ETS. The overall EU limit on emissions should be set at a level that ensures
scarcity in the market for emissions allowances, with stringent criteria for allocation
volumes across all relevant sectors. Clear and frequent information on emissions
during the trading period would improve transparency in the market, reducing the
risks of unnecessary price spikes or of unexpected collapses.

Clear revision rules covering the basis for allocations in future trading periods would
create greater predictability for investors. The possibility of banking (and perhaps
borrowing) emissions allowances between periods could help smooth prices over
time.
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Broadening participation to other major industrial sectors, and to sectors such as
aviation, would help deepen the market, and increased use of auctioning would
promote efficiency.

Enabling the EU ETS to link with other emerging trading schemes (including in the
USA and Japan), and maintaining and developing mechanisms to allow the use of
carbon reductions made in developing countries, could improve liquidity while also
establishing the nucleus of a global carbon market.

Scaling up flows of carbon finance to developing countries to support effective
policies and programmes for reducing emissions would accelerate the
transition to a low-carbon economy.

Developing countries are already taking significant action to decouple their economic
growth from the growth in greenhouse gas emissions. For example, China has
adopted very ambitious domestic goals to reduce energy used for each unit of GDP
by 20% from 2006-2010 and to promote the use of renewable energy. India has
created an Integrated Energy Policy for the same period that includes measures to
expand access to cleaner energy for poor people and to increase energy efficiency.

The Clean Development Mechanism, created by the Kyoto Protocol, is currently the
main formal channel for supporting low-carbon investment in developing countries. It
allows both governments and the private sector to invest in projects that reduce
emissions in fast-growing emerging economies, and provides one way to support
links between different regional emissions trading schemes.

In future, a transformation in the scale of, and institutions for, international carbon
finance flows will be required to support cost-effective emissions reductions. The
incremental costs of low-carbon investments in developing countries are likely to be
at least $20-30 billion per year. Providing assistance with these costs will require a
major increase in the level of ambition of trading schemes such as the EU ETS. This
will also require mechanisms that link private-sector carbon finance to policies and
programmes rather than to individual projects. And it should work within a context of
national, regional or sectoral objectives for emissions reductions. These flows will be
crucial in accelerating private investment and national government action in
developing countries.

There are opportunities now to build trust and to pilot new approaches to creating
large-scale flows for investment in low-carbon development paths. Early signals from
existing emissions trading schemes, including the EU ETS, about the extent to which
they will accept carbon credits from developing countries, would help to maintain
continuity during this important stage of building markets and demonstrating what is
possible.

The International Financial Institutions have an important role to play in accelerating
this process: the establishment of a Clean Energy Investment Framework by the
World Bank and other multilateral development banks offers significant potential for
catalysing and scaling up investment flows.
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Greater international co-operation to accelerate technological innovation and
diffusion will reduce the costs of mitigation.

The private sector is the major driver of innovation and the diffusion of technologies
around the world. But governments can help to promote international collaboration to
overcome barriers in this area, including through formal arrangements and through
arrangements that promote public-private co-operation such as the Asia Pacific
Partnership. Technology co-operation enables the sharing of risks, rewards and
progress of technology development and enables co-ordination of priorities.

A global portfolio that emerges from individual national R&D priorities and
deployment support may not be sufficiently diverse, and is likely to place too little
weight on some technologies that are particularly important for developing countries,
such as biomass.

International R&D co-operation can take many forms. Coherent, urgent and broadly
based action requires international understanding and co-operation. These may be
embodied in formal multilateral agreements that allow countries to pool the risks and
rewards for major investments in R&D, including demonstration projects and
dedicated international programmes to accelerate key technologies. But formal
agreements are only one part of the story - informal arrangements for greater co-
ordination and enhanced linkages between national programmes can also play a
very prominent role.

Both informal and formal co-ordination of national policies for deployment support
can accelerate cost reductions by increasing the scale of new markets across
borders. Many countries and US states now have specific national objectives and
policy frameworks to support the deployment of renewable energy technologies.
Transparency and information-sharing have already helped to boost interest in these
markets. Exploring the scope for making deployment instruments tradable across
borders could increase the effectiveness of support, including mobilising the
resources that will be required to accelerate the widespread deployment of carbon
capture and storage and the use of technologies that are particularly appropriate for
developing countries.

International co-ordination of regulations and product standards can be a powerful
way to encourage greater energy efficiency. It can raise their cost effectiveness,
strengthen the incentives to innovate, improve transparency, and promote
international trade.

The reduction of tariff and non-tariff barriers for low-carbon goods and services,
including within the Doha Development Round of international trade negotiations,
could provide further opportunities to accelerate the diffusion of key technologies.

Curbing deforestation is a highly cost-effective way of reducing greenhouse
gas emissions.

Emissions from deforestation are very significant — they are estimated to represent
more than 18% of global emissions, a share greater than is produced by the global
transport sector.

Action to preserve the remaining areas of natural forest is needed urgently. Large-
scale pilot schemes are required to explore effective approaches to combining
national action and international support.
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Policies on deforestation should be shaped and led by the nation where the particular
forest stands. But those countries should receive strong help from the international
community, which benefits from their actions to reduce deforestation. At a national
level, defining property rights to forestland, and determining the rights and
responsibilities of landowners, communities and loggers, is key to effective forest
management. This should involve local communities, respect informal rights and
social structures, work with development goals and reinforce the process of
protecting the forests.

Research carried out for this report indicates that the opportunity cost of forest
protection in 8 countries responsible for 70 per cent of emissions from land use could
be around $5 billion per annum initially, although over time marginal costs would rise.

Compensation from the international community should take account of the
opportunity costs of alternative uses of the land, the costs of administering and
enforcing protection, and the challenges of managing the political transition as
established interests are displaced.

Carbon markets could play an important role in providing such incentives in the
longer term. But there are short-term risks of destabilising the crucial process of
strengthening existing strong carbon markets if deforestation is integrated without
agreements that strongly increase demand for emissions reductions. These
agreements must be based on an understanding of the scale of transfers likely to be
involved.

Adaptation efforts in developing countries must be accelerated and supported,
including through international development assistance.

The poorest developing countries will be hit earliest and hardest by climate change,
even though they have contributed little to causing the problem. Their low incomes
make it difficult to finance adaptation. The international community has an obligation
to support them in adapting to climate change. Without such support there is a
serious risk that development progress will be undermined.

It is for the developing countries themselves to determine their approach to
adaptation in the context of their own circumstances and aspirations. Rapid growth
and development will enhance countries’ ability to adapt. The additional costs to
developing countries of adapting to climate change could run into tens of billions of
dollars.

The scale of the challenge makes it more urgent than ever for developed countries to
honour their existing commitments — made in Monterrey in 2002, and strengthened at
EU Councils in June 2005 and at the July 2005 G8 Gleneagles Summit — to double
aid flows by 2010.

Donors and multilateral development institutions should mainstream and support
adaptation across their assistance to developing countries. The international
community should also support adaptation through investment in global public goods,
including improved monitoring and prediction of climate change, better modelling of
regional impacts, and the development and deployment of drought- and flood-
resistant crops.
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In addition, efforts should be increased to build public-private partnerships for
climate-related insurance; and to strengthen mechanisms for improving risk
management and preparedness, disaster response and refugee resettlement.

Strong and early mitigation has a key role to play in limiting the long- run costs of
adaptation. Without this, the costs of adaptation will rise dramatically.

Building and sustaining collective action is now an urgent challenge.

The key building blocks for any collective action include developing a shared
understanding of the long-term goals for climate policy, building effective institutions
for co-operation, and demonstrating leadership and working to build trust with others.

Without a clear perspective on the long-term goals for stabilisation of greenhouse
gas concentrations in the atmosphere, it is unlikely that action will be sufficient to
meet the objective.

Action must include mitigation, innovation and adaptation. There are many
opportunities to start now, including where there are immediate benefits and where
large-scale pilot programmes will generate valuable experience. And we have
already begun to create the institutions to underpin co-operation.

The challenge is to broaden and deepen participation across all the relevant
dimensions of action — including co-operation to create carbon prices and markets, to
accelerate innovation and deployment of low-carbon technologies, to reverse
emissions from land-use change and to help poor countries adapt to the worst
impacts of climate change.

There is still time to avoid the worst impacts of climate change if strong
collective action starts now.

This Review has focused on the economics of risk and uncertainty, using a wide
range of economic tools to tackle the challenges of a global problem which has
profound long-term implications. Much more work is required, by scientists and
economists, to tackle the analytical challenges and resolve some of the uncertainties
across a broad front. But it is already very clear that the economic risks of inaction
in the face of climate change are very severe.

There are ways to reduce the risks of climate change. With the right incentives, the
private sector will respond and can deliver solutions. The stabilisation of greenhouse
gas concentrations in the atmosphere is feasible, at significant but manageable costs.

The policy tools exist to create the incentives required to change investment patterns
and move the global economy onto a low-carbon path. This must go hand-in-hand
with increased action to adapt to the impacts of the climate change that can no
longer be avoided.

Above all, reducing the risks of climate change requires collective action. It requires
co-operation between countries, through international frameworks that support the
achievement of shared goals. It requires a partnership between the public and
private sector, working with civil society and with individuals. It is still possible to
avoid the worst impacts of climate change; but it requires strong and urgent collective
action. Delay would be costly and dangerous.
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