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Foreword

What we do today about climate change has consequences that will last a century or

more. The part of that change that is due to greenhouse gas emissions is not revers-

ible in the foreseeable future. The heat trapping gases we send into the atmosphere

in 2008 will stay there until 2108 and beyond. We are therefore making choices

today that will affect our own lives, but even more so the lives of our children and

grandchildren. This makes climate change different and more difficult than other

policy challenges.

Climate change is now a scientifically estab-
lished fact. The exact impact of greenhouse gas
emission is not easy to forecast and there is a lot
of uncertainty in the science when it comes to
predictive capability. But we now know enough
to recognize that there are large risks, poten-
tially catastrophic ones, including the melt-
ing of ice-sheets on Greenland and the West
Antarctic (which would place many countries
under water) and changes in the course of the
Gulf Stream that would bring about drastic cli-
matic changes.

Prudence and care about the future of our
children and their children requires that we act
now. This is a form of insurance against possibly
very large losses. The fact that we do not know
the probability of such losses or their likely exact
timing is not an argument for not taking insur-
ance. We know the danger exists. We know the
damage caused by greenhouse gas emissions is
irreversible for a long time. We know it is grow-
ing with every day of inaction.

Even if we were living in a world where all
people had the same standard of living and were
impacted by climate change in the same way, we
would still have to act. If the world were a sin-
gle country, with its citizens all enjoying simi-

lar income levels and all exposed more or less to

the same effects of climate change, the threat
of global warming could still lead to substantial
damage to human well-being and prosperity by
the end of this century.

In reality, the world is a heterogeneous place:
people have unequal incomes and wealth and
climate change will affect regions very differ-
ently. This is, for us, the most compelling reason
to act rapidly. Climate change is already starting
to affect some of the poorest and most vulner-
able communities around the world. A world-
wide average 3° centigrade increase (compared
to preindustrial temperatures) over the coming
decades would result in a range of localized in-
creases that could reach twice as high in some
locations. The effect that increased droughts,
extreme weather events, tropical storms and sca
level rises will have on large parts of Africa, on
many small island states and coastal zones will
be inflicted in our lifetimes. In terms of aggre-
gate world GDP, these short term effects may
not be large. But for some of the world’s poorest
people, the consequences could be apocalyptic.

In the long run climate change is a mas-
sive threat to human development and in some
places it is already undermining the interna-
tional community’s efforts to reduce extreme

pover ty.
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Violent conflicts, insufficient resources, lack
of coordination and weak policies continue to
slow down development progress, particularly
in Africa. Nonetheless in many countries there
have been real advances. For instance, Viet Nam
has been able to halve poverty and achieve uni-
versal primary education way ahead of the 2015
target. Mozambique has also managed to signif-
icantly reduce poverty and increase school en-
rollment as well as improving the rates of child
and maternal mortality.

This development progress is increasingly
going to be hindered by climate change. So we
must see the fight against poverty and the fight
against the effects of climate change as interre-
lated efforts. They must reinforce each other and
success must be achieved on both fronts jointly.
Success will have to involve a great deal of ad-
aptation, because climate change is still going
to affect the poorest countries significantly even
if serious efforts to reduce emissions start im-
mediately. Countries will need to develop their
own adaptation plans but the international
community will need to assist them.

Responding to that challenge and to the
urgent request from leaders in developing
countries, particularly in sub-Saharan Africa,
UNEP and UNDP launched a partnership in
Nairobi during the last climate convention in
November 2006. The two agencies commit-
ted to provide assistance in reducing vulnera-
bility and building the capacity of developing
countries to more widely reap the benefits of
the Clean Development Mechanism (CDM)
in areas such as the development of cleaner
and renewable energies, climate proofing and
fuel-switching schemes.

This partnership, that will enable the UN
system to act promptly in response to the needs
of governments trying to factor in climate-
change impacts into their investment decisions,
constitutes a living proof of the United Nation’s
determination to ‘deliver as One’ on the climate
change challenge. For example, we can help
countries improve existing infrastructure to
enable people to cope with increased flooding
and more frequent and severe extreme weather
events. More weather resistant crops could also

be developed.
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While we pursue adaptation we must start
to reduce emissions and take other steps at miti-
gation so that the irreversible changes already
underway are not further amplified over the
next few decades. If mitigation does not start in
earnest right now, the cost of adaptation twenty
or thirty years from now will become prohibi-
tive for the poorest countries.

Stabilizing greenhouse emissions to limit
climate change is a worthwhile insurance strat-
egy for the world as a whole, including the rich-
est countries, and it is an essential part of our
overall fight against poverty and for the Millen-
nium Development Goals. This dual purpose of
climate policies should make them a priority for
leaders around the world.

But having established the need for limiting
future climate change and for helping the most
vulnerable adapt to what is unavoidable, one has
to move on and identify the nature of the policies
that will help us get the results we seck.

Several things can be said at the outset:
First, non-marginal changes are needed, given
the path the world is on. We need big changes
and ambitious new policies.

Second, there will be significant short term
costs. We have to invest in limiting climate
change. There will be large net benefits over
time, but at the beginning, like with every in-
vestment, we must be willing to incur the costs.
This will be a challenge for democratic gover-
nance: political systems will have to agree to
pay the carly costs to reap the long term gains.
Leadership will require looking beyond elec-
toral cycles.

We are not too pessimistic. In the fight
against the much higher inflation rates of the
distant past, democracies did come up with the
institutions such as more autonomous central
banks and policy pre-commitments that al-
lowed much lower inflation to be achieved de-
spite the short term temptations of resorting to
the printing press. The same has to happen with
climate and the environment: societies will have
to pre-commit and forego short term gratifica-
tion for longer-term well being.

We would like to add that while the transi-
tion to climate protecting energy and life styles
will have short term cost, there may be eco-



nomic benefits beyond what is achieved by sta-
bilizing temperatures. These benefits are likely
to be realized through Keynesian and Schum-
peterian mechanisms with new incentives for
massive investment stimulating overall demand
and creative destruction leading to innovation
and productivity jumps in a wide array of sec-
tors. It is impossible to quantitatively predict
how large these effects will be but taking them
into account could lead to higher benefit-cost
ratios for good climate policies.

The design of good policies will have to be
mindful of the danger of excessive reliance on
bureaucratic controls. While government leader-
ship is going to be essential in correcting the huge
externality that is climate change, markets and
prices will have to be put to work, so that private
sector decisions can lead more naturally to opti-
mal investment and production decisions.

Carbon and carbon equivalent gases have to
be priced so that using them reflects their true
social cost. This should be the essence of mitiga-
tion policy. The world has spent decades getting
rid of quantity restrictions in many domains,
not least foreign trade. This is not the time to
come back to a system of massive quotas and bu-
reaucratic controls because of climate change.
Emission targets and energy cfﬁciency targets
have an important role to play but it is the price
system that has to make it easier to achieve our
goals. This will require a much deeper dialogue
between economists and climate scientists as
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Administrator
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well as environmentalists than what we have
scen so far. We do hope that this Human De-
velopment Report will contribute to such a
dialogue.

The most difficult policy challenges will
relate to distribution. While there is potential
catastrophic risk for everyone, the short and me-
dium-term distribution of the costs and bene-
fits will be far from uniform. The distributional
challenge is made particularly difficult because
those who have largely caused the problem—
the rich countries—are not going to be those
who suffer the most in the short term. It is the
poorest who did not and still are not contrib-
uting signiﬁcantly to green house gas emissions
that are the most vulnerable. In between, many
middle income countries are becoming signifi-
cant emitters in aggregate terms—but they do
not have the carbon debt to the world that the
rich countries have accumulated and they are
still low emitters in per capita terms. We must
find an cthically and politically acceptable path
that allows us to start—to move forward even
if there remains much disagreement on the long
term sharing of the burdens and benefits. We
should not allow distributional disagreements
to block the way forward just as we cannot af-
ford to wait for full certainty on the exact path
climate change is likely to take before we start
acting. Here too we hope this Human Develop-
ment Report will facilitate the debate and allow
the journey to start.

A St

Achim Steiner
Executive Director

United Nations Environment Programme

The analysis and policy recommendations of the Report do not necessarily reflect the views of the United Nations Development
Programme, its Executive Board or its Member States. The Report is an independent publication commissioned by UNDP. It
is the fruit of a collaborative effort by a team of eminent consultants and advisers and the Human Development Report team.
Kevin Watkins, Director of the Human Development Report Office, led the effort.
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Overview

Fighting climate change:
human solidarity in a divided world

“Human progress is neither automatic nor inevitable. We are faced now with the

fact that tomorrow is today. We are confronted with the fierce urgency of now. In this

unfolding conundrum of life and history there is such a thing as being too late...We may

cry out desperately for time to pause in her passage, but time is deaf to every plea and

rushes on. Quver the bleached bones and jumbled residues of numerous civilizations are

written the pathetic words: Too late.”

Martin Luther King Jr. Where do we go from here: chaos or community’

Delivered in a sermon on social justice four
decades ago, Martin Luther King’s words re-
tain a powerful resonance. At the start of the
21° Century, we too are confronted with the
“fierce urgency” of a crisis that links today and
tomorrow. That crisis is climate change. It is
still a preventable crisis—but only just. The
world has less than a decade to change course.
No issue merits more urgent attention—or
more immediate action.

Climate change is the defining human
development issue of our generation. All devel-
opment is ultimately about expanding human
potential and enlarging human freedom. It is
about people developing the capabilities that
empower them to make choices and to lead
lives that they value. Climate change threatens
to erode human freedoms and limit choice. It
calls into question the Enlightenment princi-
ple that human progress will make the future
look better than the past.

The early warning signs are already visible.
Today, we are witnessing at first hand what
could be the onset of major human develop-
ment reversal in our lifetime. Across developing

countries, millions of the world’s poorest
people are already being forced to cope with
the impacts of climate change. These impacts
do not register as apocalyptic events in the
full glare of world media attention. They go
unnoticed in financial markets and in the
measurement of world gross domestic product
(GDP). But increased exposure to drought,
to more intense storms, to floods and envi-
ronmental stress is holding back the efforts
of the world’s poor to build a better life for
themselves and their children.

Climate change will undermine inter-
national efforts to combat poverty. Seven years
ago, political leaders around the world gathered
to set targets for accelerated progress in human
development. The Millennium Development
Goals (MDGs) defined a new ambition for 2015.
Much has been achieved, though many countries
remain off track. Climate change is hampering
efforts to deliver the MDG promise. Looking to
the future, the danger is that it will stall and then
Ieverse progress built—up over generations not just
in cutting extreme poverty, but in health, nutri-

tion, education and other areas.
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Climate change provides

a potent reminder of the
one thing that we share in
common. It is called planet
Earth. All nations and all
people share the

same atmosphere

How the world deals with climate change
today will have a direct bearing on the human
development prospects of a large section of
humanity. Failure will consign the poorest
40 percent of the world’s population—some
2.6 billion people—to a future of diminished
opportunity. It will exacerbate deep inequalities
within countries. And it will undermine efforts
to build a more inclusive pattern of globaliza-
tion, reinforcing the vast disparities between
the ‘haves’ and the ‘have nots’.

In today’s world, it is the poor who are
bearing the brunt of climate change. Tomor-
row, it will be humanity as a whole that faces
the risks that come with global warming. The
rapid build-up of greenhouse gases in the
Earth’s atmosphere is fundamentally changing
the climate forecast for future generations. We
are edging towards ‘tipping points’. These are
unpredictable and non-linear events that could
open the door to ecological catastrophes—ac-
celerated collapse of the Earth’s great ice sheets
being a case in point—that will transform
patterns of human settlement and undermine
the viability of national economies. Our gen-
ceration may not live to see the consequences.
But our children and their grandchildren
will have no alternative but to live with them.
Aversion to poverty and inequality today, and
to catastrophic risk in the future provides a
strong rationale for urgent action.

Some commentators continue to cite uncer-
tainty over future outcomes as grounds for a
limited response to climate change. That start-
ing point is flawed. There are indeed many
unknowns: climate science deals in probability
and risk, not in certainties. However, if we value
the well-beingof our children and grandchildren,
even small risks of catastrophic events merit an
insurance-based precautionary approach. And
uncertainty cuts both ways: the risks could be
greater than we currently understand.

Climate change demands urgent action now
to address a threat to two constituencies with a
little or no political voice: the world’s poor and
future generations. It raises profoundly impor-
tant questions about social justice, equity and
human rights across countries and generations.
In the Human Development Report 2007/2008
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we address these questions. Our starting point
is that the battle against climate change can—
and must—be won. The world lacks neither the
financial resources nor the technological capabil-
ities to act. If we fail to prevent climate change
it will be because we were unable to foster the
political will to cooperate.

Such an outcome would represent not just a
failure of political imagination and leadership,
but a moral failure on a scale unparalleled in
history. During the 20" Century failures
of political leadership led to two world wars.
Millions of people paid a high price for
what were avoidable catastrophes. Dangerous
climate change is the avoidable catastrophe of the
21* Century and beyond. Future generations
will pass a harsh judgement on a generation that
looked at the evidence on climate change, under-
stood the consequences and then continued on a
path that consigned millions of the world’s most
vulnerable people to poverty and exposed future
generations to the risk of ecological disaster.

Ecological interdependence

Climate change is different from other prob-
lems facing humanity—and it challenges us
to think differently at many levels. Above all,
it challenges us to think about what it means
to live as part of an ecologically interdependent
human community.

Ecological interdependence is not an abstract
concept. We live today in a world that is divided
at many levels. People are separated by vast gulfs
in wealth and opportunity. In many regions,
rival nationalisms are a source of conflict. All
too often, religious, cultural and ethnic identity
are treated as a source of division and difference
from others. In the face of all these differences,
climate change provides a potent reminder
of the one thing that we share in common.
It is called planet Earth. All nations and all
people share the same atmosphere. And we
only have one.

Global warming is evidence that we are
overloading the carrying capacity of the
Earth’s atmosphere. Stocks of greenhouse
gases that trap heat in the atmosphere are
accumulating at an unprecedented rate.
Current concentrations have reached 380



parts per million (ppm) of carbon dioxide
equivalent (CO,e) exceeding the natural range
of the last 650,000 years. In the course of the
21* Century, average global temperatures could
increase by more than 5°C.

To put that ﬁgure in context, it is equiva-
lent to the change in temperature since the
last ice age—an era in which much of Europe
and North America was under more than one
kilometre of ice. The threshold for dangerous
climate change is an increase of around 2°C.
This threshold broadly defines the point at
which rapid reversals in human development
and a drift towards irreversible ecological dam-
age would become very difficult to avoid.

Behind the numbers and the measurement
is a simple overwhelming fact. We are recklessly
mismanaging our ecological interdependence.
In effect, our generation is running up an
unsustainable ecological debt that future gen-
erations will inherit. We are drawing down the
stock of environmental capital of our children.
Dangerous climate change will represent the
adjustment to an unsustainable level of green-
house gas emissions.

Future generations are not the only con-
stituency that will have to cope with a problem
they did not create. The world’s poor will suffer
the carliest and most damaging impacts. Rich
nations and their citizens account for the over-
whelming bulk of the greenhouse gases locked
in the Earth’s atmosphere. But, poor countries
and their citizens will pay the highest price for
climate change.

The inverse relationship between responsi-
bility for climate change and vulnerability to its
impacts is sometimes forgotten. Public debate
in rich nations increasingly highlights the threat
posed by rising greenhouse gas emissions from
developing countries. That threat is real. But
it should not obscure the underlying problem.
Mahatma Gandhi once reflected on how many
planets might be needed if India were to follow
Britain’s pattern of industrialization. We are
unable to answer that question. However, we
estimate in this Report that if all of the world’s
people generated greenhouse gases at the same
rate as some developed countries, we would

need nine planets.

While the world’s poor walk the Earth
with a light carbon footprint they are bear-
ing the brunt of unsustainable management
of our ecological interdependence. In rich
countries, coping with climate change to date
has largely been a matter of adjusting thermo-
stats, dealing with longer, hotter summers,
and observing seasonal shifts. Cities like
London and Los Angeles may face flooding
risks as sea levels rise, but their inhabitants
are protected by claborate flood defence
systems. By contrast, when global warming
changes weather patterns in the Horn of
Africa, it means that crops fail and people go
hungry, or that women and young girls spend
more hours collecting water. And, whatever
the future risks facing cities in the rich world,
today the real climate change vulnerabilities
linked to storms and floods are to be found
in rural communities in the great river deltas
of the Ganges, the Mckong and the Nile, and
in sprawling urban slums across the develop-
ing world.

The emerging risks and vulnerabilities
associated with climate change are the out-
comes of physical processes. But they are also
a consequence of human actions and choices.
This is another aspect of ecological inter-
dependence that is sometimes forgotten. When
people in an American city turn on the air-
conditioning or people in Europe drive their
cars, their actions have consequences. Those
consequences link them to rural communities
in Bangladesh, farmers in Ethiopia and slum
dwellers in Haiti. With these human connec-
tions come moral responsibilities, including a
responsibility to reflect upon—and change—
energy policies that inflict harm on other peo-
ple or future generations.

The case for action

If the world acts now it will be possible—just
possible—to keep 21* Century global temper-
ature increases within a 2°C threshold above
preindustrial levels. Achieving this future will
require a high level of leadership and unparalleled
international cooperation. Yet climate change is
a threat that comes with an opportunity. Above
all, it provides an opportunity for the world to

We are recklessly
mismanaging our ecological
interdependence. Our
generation is running

up an unsustainable
ecological debt that future

generations will inherit
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The real choice facing
political leaders and people
today is between universal
human values, on the one
side, and participating

in the widespread and
systematic violation of

human rights on the other

come together in forging a collective response
to a crisis that threatens to halt progress.

The values that inspired the drafters of
the Universal Declaration of Human Rights
provide a powerful point of reference. That
document was a response to the political failure
that gave rise to extreme nationalism, fascism
and world war. It established a set of entitle-
ments and rights—civil, political, cultural,
social and economic—for “all members of the
human family”. The values that inspired the
Universal Declaration were seen as a code of
conduct for human affairs that would prevent
the “disregard and contempt for human rights
that have resulted in barbarous acts which have
outraged the conscience of mankind”.

The drafters of the Universal Declaration of
Human Rights were looking back at a human
tragedy, the second world war, that had already
happened. Climate change is different. It is a
human tragedy in the making. Allowing that
tragedy to evolve would be a political failure
that merits the description of an “outrage to
the conscience of mankind”. It would represent
a systematic violation of the human rights of
the world’s poor and future generations and
a step back from universal values. Conversely,
preventing dangerous climate change would
hold out the hope for the development of
multilateral solutions to the wider problems
facing the international community. Climate
change confronts us with enormously complex
questions that span science, economics and
international relations. These questions have to
be addressed through practical strategies. Yet it
is important not to lose sight of the wider issues
that are at stake. The real choice facing political
leaders and people today is between universal
human values, on the one side, and participat-
ing in the widespread and systematic violation
of human rights on the other.

The starting point for avoiding dangerous
climate change is recognition of three distinc-
tive features of the problem. The first feature is
the combined force of inertia and cumulative
outcomes of climate change. Once emitted,
carbon dioxide (CO,) and other greenhouse
gases stay in the atmosphere for a long time.
There are no rapid rewind buttons for running
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down stocks. People living at the start of the
22" Century will live with the consequences
of our emissions, just as we are living with the
consequences of emissions since the indus-
trial revolution. Time-lags are an important
consequence of climate change inertia. Even
stringent mitigation measures will not materi-
ally affect average temperatures changes until
the mid-2030s—and temperatures will not
peak until 2050. In other words, for the first
half of the 21°* Century the world in general,
and the world’s poor in particular, will have
to live with climate change to which we are
already committed.

The cumulative nature of the climate
change has wide-ranging implications. Perhaps
the most important is that carbon cycles do not
follow political cycles. The current generation of
political leaders cannot solve the climate change
problem alone because a sustainable emissions
pathway has to be followed over decades, not
years. However, it has the power cither to prise
open the window of opportunity for future
generations, or to close that window.

Urgency is the second feature of the climate
change challenge—and a corollary of inertia.
In many other areas of international relations,
inaction or delayed agreements have limited
costs. International trade is an example. This is
an area in which negotiations can break down
and resume without inflicting long-term dam-
age on the underlying system—as witnessed
by the unhappy history of the Doha Round.
With climate change, every year of delay in
reaching an agreement to cut emissions adds to
greenhouse gas stocks, locking the future into
a higher temperature. In the seven years since
the Doha Round started, to continue the anal-
ogy, stocks of greenhouse gases have increased
by around 12 ppm of CO,e—and those stocks
will still be there when the trade rounds of the
22nd Century get underway.

There are no obvious historical analogies
for the urgency of the climate change problem.
During the Cold War, large stockpiles of nuclear
missiles pointed at cities posed a grave threat to
human security. However, ‘doing nothing’ was
a strategy for containment of the risks. Shared
recognition of the reality of mutually assured



destruction offered a perversely predictable
stability. With climate change, by contrast,
doing nothing offers a guaranteed route to
a further build-up greenhouse gases, and to
mutually assured destruction of human devel-
opment potential.

The third important dimension of the
climate change challenge is its global scale. The
Earth’s atmosphere does not differentiate green-
house gases by country of origin. One tonne of
greenhouse gases from China carries the same
weight as one tonne of greenhouse gases from
the United States—and one country’s emissions
are another country’s climate change problem. It
follows that no one country can win the battle
against climate change acting alone. Collective
action is not an option but an imperative. When
Benjamin Franklin signed the American Declara-
tion of Independence in 1776, he is said to have
commented: “We must all hang together, or
most assuredly, we shall all hang separately.” In
our unequal world, some people—notably poor
people—might hang sooner than others in the
event of a failure to develop collective solutions.
But ultimately, this is a preventable crisis that
threatens all people and all countries. We too
have the choice between hanging together and
forging collective solutions to a shared problem,
or hanging separately.

Seizing the moment—2012 and beyond
Confronted with a problem as daunting as
climate change, resigned pessimism might
seem a justified response. However, resigned
pessimism is a luxury that the world’s poor
and future generations cannot afford—and
there is an alternative.

There is cause for optimism. Five years
ago, the world was still engaged in debating
whether or not climate change was taking place,
and whether or not it was human-induced.
Climate change scepticism was a flourishing
industry. Today, the debate is over and climate
scepticism is an increasingly fringe activity. The
fourth assessment review of the International
Panel on Climate Change has established an
overwhelming scientific consensus that climate
change is both real and man-made. Almost
all governments are part of that consensus.

Following the publication of the Stern Review
on The Economics of Climate Change, most
governments also accept that solutions to cli-
mate change are affordable—more affordable
than the costs of inaction.

Political momentum is also gathering
pace. Many governments are setting bold
targets for cutting grecnhouse gas emissions.
Climate change mitigation has now registered
firmly on the agenda of the Group of Eight
(G8) industrialized nations. And dialogue
between developed and developing countries
is strengthening,

All of this is positive news. Practical out-
comes are less impressive. While governments
may recognize the realities of global warming,
political action continues to fall far short of the
minimum needed to resolve the climate change
problem. The gap between scientific evidence
and political response remains large. In the
developed world, some countries have yet to
establish ambitious targets for cutting green-
house gas emissions. Others have set ambitious
targets without putting in place the energy
policy reforms needed to achieve them. The
deeper problem is that the world lacks a clear,
credible and long-term multilateral framework
that charts a course for avoiding dangerous
climate change—a course that spans the divide
between political cycles and carbon cycles.

With the expiry of the current commitment
period of the Kyoto Protocol in 2012, the inter-
national community has an opportunity to put
that framework in place. Seizing that opportu-
nity will require bold leadership. Missing it will
push the world further on the route to danger-
ous climate change.

Developed countries have to take the
lead. They carry the burden of historic re-
sponsibility for the climate change problem.
And they have the financial resources and
technological capabilities to initiate deep and
early cuts in emissions. Putting a price on
carbon through taxation or cap-and-trade
systems is the starting point. But market
pricing alone will not be enough. The develop-
ment of regulatory systems and public—private
partnerships for a low-carbon transition are

also priorities.
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The world’s poor and
future generations cannot
afford the complacency
and prevarication that
continues to characterize
international negotiations

on climate change

The principle of “common but differenti-
ated responsibility”—one of the foundations
of the Kyoto framework—does not mean that
developing countries should do nothing. The cred-
ibility of any multilateral agreement will hinge
on the participation of major emitters in the
developing world. However, basic principles of
equity and the human development imperative
of expanding access to energy demand that de-
veloping countries have the flexibility to make
the transition to a low-carbon growth path at a
rate consistent with their capabilities.

International cooperation has a critical role
to play at many levels. The global mitigation
effort would be dramatically enhanced if a
post-2012 Kyoto framework incorporated
mechanisms for finance and technology
transfers. These mechanisms could help remove
obstacles to the rapid disbursement of the low-
carbon technologies needed to avoid dangerous
climate change. Cooperation to support the
conservation and sustainable management
of rainforests would also strengthen the
mitigation effort.

Adaptation priorities must also be addressed.
For too long, climate change adaptation has been
treated as a peripheral concern, rather than as a
core part of the international poverty reduction
agenda. Mitigation is an imperative because it will
define prospects for avoiding dangerous climate
change in the future. But the world’s poor cannot
be left to sink or swim with their own resources
while rich countries protect their citizens behind
climate-defence fortifications. Social justice and
respect of human rights demand stronger interna-
tional commitment on adaptation.

Our legacy

The post-2012 Kyoto framework will power-
fully influence prospects for avoiding climate
change—and for coping with the climate
change that is now unavoidable. Negotiations
on that framework will be shaped by govern-
ments with very different levels of negotiating
leverage. Powerful vested interests in the corpo-
rate sector will also make their voices heard. As
governments embark on the negotiations for a
post-2012 Kyoto Protocol, it is important that
they reflect on two constituencies with alimited
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voice but a powerful claim to social justice and
respect for human rights: the world’s poor and
future generations.

People engaged in a daily struggle to improve
their lives in the face of grinding poverty
and hunger ought to have first call on human
solidarity. They certainly deserve something more
than political leaders who gather at international
summits, set high-sounding development targets
and then undermine achievement of the very
same targets by failing to act on climate change.
And our children and their children’s grandchil-
dren have the right to hold us to a high standard
of accountability when their future—and maybe
their survival—is hanging in the balance. They
too deserve something more than a generation of
political leaders who look at the greatest challenge
humankind has ever faced and then sit on their
hands. Put bluntly, the world’s poor and future
generations cannot afford the complacency and
prevarication that continues to characterize inter-
national negotiations on climate change. Nor can
they afford the large gap between what leaders
in the developed world say about climate change
threats and what they do in their energy policies.

Twenty years ago Chico Mendes, the
Brazilian environmentalist, died attempting to
defend the Amazon rainforest against destruc-
tion. Before his death, he spoke of the ties that
bound his local struggle to a global movement
for social justice: “At first I thought I was fight-
ing to save rubber trees, then I thought I was
fighting to save the Amazon rainforest. Now I
realise I am fighting for humanity.”

The battle against dangerous climate
change is part of the fight for humanity.
Winning that battle will require far-reaching
changes at many levels—in consumption, in
how we produce and price energy, and in in-
ternational cooperation. Above all, though, it
will require far-reaching changes in how we
think about our ecological interdependence,
about social justice for the world’s poor, and
about the human rights and entitlements of
future generations.

The 215t Century climate challenge
Global warming is already happening. World

temperatures have increased by around 0.7°C



since the advent of the industrial era—and the
rate of increase is quickening. There is over-
whelming scientific evidence linking the rise in
temperature to increases in the concentration
of greenhouse gases in the Earth’s atmosphere.

There is no hard-and-fast line separating
‘dangerous’ from ‘safe’ climate change. Many of
the world’s poorest people and most fragile eco-
logical systems are already being forced to adapt
to dangerous climate change. However, beyond
a threshold of 2°C the risk of large-scale human
development setbacks and irreversible ecologi-
cal catastrophes will increase sharply.

Business-as-usual trajectories will take the
world well beyond that threshold. To have a
50:50 chance of limiting temperature increase
to 2°C above preindustrial levels will require
stabilization of greenhouse gases at concentra-
tions of around 450ppm CO,e. Stabilization
at 550ppm CO,e would raise the probability
of breaching the threshold to 80 percent. In
their personal lives, few people would know-
ingly undertake activities with a serious injury
risk of this order of magnitude. Yet as a global
community, we are taking far greater risks with
planct Earth. Scenarios for the 21°* Century
point to potential stabilization points in excess
of 750ppm CO,e, with possible temperature
changes in excess of 5°C.

Temperature scenarios do not capture the
potential human development impacts. Average
changes in temperature on the scale projected
in business-as-usual scenarions will trigger
large-scale reversals in human development,
undermining livelihoods and causing mass
displacement. By the end of the 21* Century,
the spectre of catastrophic ecological impacts
could have moved from the bounds of the pos-
sible to the probable. Recent evidence on the
accelerated collapse of ice sheets in the Antarctic
and Greenland, acidification of the oceans, the
retreat of rainforest systems and melting of Arctic
permafrost all have the potential—separately or
in interaction—to lead to ‘tipping points’.

Countries vary widely in their contribution
to the emissions that are driving up atmospheric
stocks of greenhouse gases. With 15 percent of
world population, rich countries account for
almost half of emissions of CO,. High growth

in China and India is leading to a gradual con-
vergence in ‘aggregate’ emissions. However, per
capita carbon footprint convergence is more
limited. The carbon footprint of the United
States is five times that of China and over 15
times that of India. In Ethiopia, the average per
capita carbon footprint is 0.1 tonnes of CO,
compared with 20 tonnes in Canada.

What does the world have to do to get on
an emissions trajectory that avoids dangerous
climate change? We address that question by
drawing upon climate modeling simulations.
These simulations define a carbon budget for
the 21* Century.

If everything else were equal, the global
carbon budget for energy-related emissions
would amount to around 14.5 Gt CO, annually.
Current emissions are running at twice this
level. The bad news is that emissions are on a
rising trend. The upshot: the carbon budget for
the entire 21 Century could expire as catly as
2032. In effect, we are runningup unsustainable
ecological debts that will lock future generations
into dangerous climate change.

Carbon budget analysis casts a new light on
concerns over the share of developing countries
in global greenhouse gas emissions. While that
share is set to rise, it should not divert attention
from the underlying responsibilities of rich
nations. If every person in the developing world
had the same carbon footprint as the average
person in Germany or the United Kingdom,
current global emissions would be four times
the limit defined by our sustainable emissions
pathway, rising to nine times if the develop-
ing country per capita footprint were raised to
Canadian or United States levels.

Changing this picture will require deep
adjustments. If the world were a single country
it would have to cut emissions of greenhouse
gases by half to 2050 relative to 1990 levels,
with sustained reductions to the end of the
21 Century. However, the world is not a single
country. Using plausible assumptions, we esti-
mate that avoiding dangerous climate change
will require rich nations to cut emissions by at
least 80 percent, with cuts of 30 percent by 2020.
Emissions from developing countries would peak
around 2020, with cuts of 20 percent by 2050.
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Current investment patterns
are putting in place a
carbon intensive energy
infrastructure, with coal

playing a dominant role

Our stabilization target is stringent but
affordable. Between now and 2030, the aver-
age annual cost would amount to 1.6 percent of
GDP. This is not an insignificant investment.
But it represents less than two-thirds of global
military spending. The costs of inaction could
be much higher. According to the Stern Review,
they could reach 5-20 percent of world GDP,
depending upon how costs are measured.

Looking back at emission trends highlights
the scale of the challenge ahead. Energy related
CO, emissions have increased sharply since
1990, the reference years for the reductions
agreed under the Kyoto Protocol. Not all
developed countries ratified the Protocol’s
targets, which would have reduced their average
emissions by around 5 percent. Most of those
that did are off track for achieving their com-
mitments. And few of those that are on track
can claim to have reduced emissions as a result
of a policy commitment to climate change
mitigation. The Kyoto Protocol did not place
any quantitative restrictions on emissions from
developing countries. If the next 15 years of
emissions follows the linear trend of the past 15,
dangerous climate change will be unavoidable.

Projections for energy use point precisely
in this direction, or worse. Current investment
patterns are putting in place a carbon intensive
energy infrastructure, with coal playinga dom-
inant role. On the basis of current trends and
present policies, energy-related CO, emissions
could rise by more than 50 percent over 2005
levels by 2030. The US$20 trillion projected
to be spent between 2004 and 2030 to meet
energy demand could lock the world on to an
unsustainable trajectory. Alternatively, new in-
vestments could help to decarbonize economic
growth.

Climate shocks: risk and vulnerability in
an unequal world

Climate shocks already figure prominently in the
lives of the poor. Events such as droughts, floods
and storms are often terrible experiences for those
affected: they threaten lives and leave people
feeling insecure. But climate shocks also erode
long-term opportunities for human development,

undermining productivity and eroding human
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capabilities. No single climate shock can be attrib-
uted to climate change. However, climate change
is ratcheting up the risks and vulnerabilities
facing the poor. It is placing further stress
onalready over-stretched coping mechanisms
and trapping people in downward spirals of
deprivation.

Vulnerability to climate shocks is unequally
distributed. Hurricane Katrina provided a
potent reminder of human frailty in the face
of climate change even in the richest coun-
tries—especially when the impacts interact
with institutionalized inequality. Across the
developed world, public concern over expo-
sure to extreme climate risks is mounting.
With every flood, storm and heat wave, that
concern is increasing. Yet climate disasters are
heavily concentrated in poor countries. Some
262 million people were affected by climate
disasters annually from 2000 to 2004, over 98
percent of them in the developing world. In the
Organisation for Economic Co-operation and
Development (OECD) countries one in 1,500
people was affected by climate disaster. The
comparable figure for developing countries is
one in 19—a risk differential of 79.

High levels of poverty and low levels of
human development limit the capacity of poor
houscholds to manage climate risks. With
limited access to formal insurance, low incomes
and meagre assets, poor houscholds have to
deal with climate-related shocks under highly
constrained conditions.

Strategies for coping with climate risks can
reinforce deprivation. Producers in drought
prone areas often forego production of crops
that could raise income in order to minimize
risk, preferring to produce crops with lower eco-
nomic returns but resistant to drought. When
climate disasters strike, the poor are often
forced to sell productive assets, with attendant
implications for recovery, in order to protect
consumption. And when that is not enough
houscholds cope in other ways: for example, by
cutting meals, reducing spending on health and
taking children out of school. These are desper-
ation measures that can create life-long cycles
of disadvantage, locking vulnerable houscholds
into low human development traps.



Research carried out for this report under-
lines just how potent these traps can be. Using
microlevel household data we examined some of
the long-term impacts of climate-shocks in the
lives of the poor. In Ethiopia and Kenya, two
of the world’s most drought-prone countries,
children aged five or less are respectively 36 and 50
percent more likely to be malnourished if they were
born during a drought. For Ethiopia, that trans-
lates into some 2 million additional malnourished
children in 2005. In Niger, children aged two or
less born in a drought year were 72 percent more
likely to be stunted. And Indian women born
during a flood in the 1970s were 19 percent less
likely to have attended primary school.

The long-run damage to human devel-
opment generated through climate shocks is
insufficiently appreciated. Media reporting of
climate-related disasters often plays an important
role in informingopinion—and in capturing the
human suffering that comes with climate shocks.
However, it also gives rise to a perception that
these are ‘here-today-gone-tomorrow’ experi-
ences, diverting attention from the long-run
human consequences of droughts and floods.

Climate change will not announce itself
as an apocalyptic event in the lives of the
poor. Direct attribution of any specific event
to climate change will remain impossible.
However, climate change will steadily increase
the exposure of poor and vulnerable house-
holds to climate-shocks and place increased
pressure on coping strategies, which, over
time, could steadily erode human capabilities.

We identify five key transmission mecha-
nisms through which climate change could stall
and then reverse human development:

o Agricultural production and food security.
Climate change will affect rainfall, temper-
ature and water availability for agriculture
in vulnerable areas. For example, drought-
affected areas in sub-Saharan Africa could
expand by 60-90 million hectares, with
dry land zones suffering losses of US$26
billion by 2060 (2003 prices), a figure in
excess of bilateral aid to the region in 2005.
Other developing regions—including Latin
America and South Asia—will also expe-
rience losses in agricultural production,

underminingefforts to cut rural poverty. The
additional number affected by malnutrition
could rise to 600 million by 2080.

o Water stress and water insecurity. Changed
run-off patterns and glacial melt will add
to ecological stress, compromising flows of
water for irrigation and human settlements in
the process. An additional 1.8 billion people
could be living in a water scarce environment
by 2080. Central Asia, Northern China and
the northern part of South Asia face immense
vulnerabilities associated with the retreat
of glaciers—at a rate of 1015 metres a year
in the Himalayas. Seven of Asia’s great river
systems will experience an increase in flows
over the short term, followed by a decline as
glaciers melt. The Andean region also faces
imminent water security threats with the col-
lapse of tropical glaciers. Several countries in
already highly water-stressed regions such as
the Middle East could experience deep losses
in water availability.

o Rising sea levels and exposure to climate
disasters. Sealevels could rise rapidly with
accelerated ice sheet disintegration. Global
temperature increases of 3—4°C could result
in 330 million people being permanently or
temporarily displaced through flooding,
Over 70 million people in Bangladesh, 6
million in Lower Egypt and 22 million in
Viet Nam could be affected. Small island
states in the Caribbean and Pacific could
suffer catastrophic damage. Warming seas
will also fuel more intense tropical storms.
With over 344 million people currently ex-
posed to tropical cyclones, more intensive
storms could have devastating consequences
for a large group of countries. The 1 billion
people currently living in urban slums on
fragile hillsides or flood-prone river banks
face acute vulnerabilities.

o  Ecosystems and biodiversity. Climate change
is already transforming ecological systems.
Around one-half of the world’s coral reef
systems have suffered ‘bleaching’ as a result
of warming seas. Increasing acidity in the
oceans is another long-term threat to ma-
rine ecosystems. Ice-based ecologies have

also suffered devastating climate change
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Avoiding the unprecedented
threats posed by dangerous
climate change will

require an unparalleled
collective exercise in

international cooperation

impacts, especially in the Arctic region.
While some animal and plant species will
adapt, for many species the pace of climate
change is too rapid: climate systems are
moving more rapidly than they can follow.
With 3°C of warming, 20-30 percent of
land species could face extinction.

o Human health. Rich countries are already
preparing public health systems to deal with
future climate shocks, such as the 2003
European heatwave and more extreme sum-
mer and winter conditions. However, the
greatest health impacts will be felt in develop-
ing countries because of high levels of poverty
and the limited capacity of public health
systems to respond. Major killer diseases
could expand their coverage. For example, an
additional 220-400 million people could be
exposed to malaria—a disease that already
claims around 1 million lives annually.
Dengue fever is already in evidence at higher
levels of elevation than has previously been
the case, especially in Latin America and
parts of East Asia. Climate change could
further expand the reach of the discase.
None of these five separate drivers will op-

erate in isolation. They will interact with wider

social, economic and ecological processes that
shape opportunities for human development.

Inevitably, the precise mix of transmission

mechanisms from climate change to human

development will vary across and within coun-
tries. Large areas of uncertainty remain. Whatis
certain is that dangerous climate change has the
potential to deliver powerful systemic shocks
to human development across a large group of
countries. In contrast to economic shocks that
affect growth or inflation, many of the human
development impacts—lost opportunities for
health and education, diminished productive
potential, loss of vital ecological systems, for

example—are likely to prove irreversible.

Avoiding dangerous climate change:
strategies for mitigation

Avoiding the unprecedented threats posed
by dangerous climate change will require
an unparalleled collective exercise in inter-

national cooperation. Negotiations on emis-
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sion limits for the post-2012 Kyoto Protocol
commitment period can—and must—f{rame
the global carbon budget. However, a sustain-
able global emissions pathway will only be
meaningful if it is translated into practical
national strategies—and national carbon
budgets. Climate change mitigation is about
transforming the way that we produce and use
energy. And it is about living within the bounds
of ecological sustainability.

Setting credible targets linked to global
mitigation goalsis the starting point for the tran-
sition to a sustainable emissions pathway. These
targets can provide a basis for carbon budgeting
exercises that provide a link from the present
to the future through a series of rolling plans.
However, credible targets have to be backed by
clear policies. The record to date in this area is
not encouraging. Most developed countries are
falling short of the targets set under the Kyoto
Protocol: Canadais an extreme case in point. In
some cases, ambitious ‘Kyoto-plus’ targets have
been adopted. The European Union and the
United Kingdom have both embraced such tar-
gets. For different reasons, they are both likely
to fall far short of the goals set unless they move
rapidly to put climate mitigation at the centre
of energy policy reform.

Two major OECD countries are not bound
by Kyoto targets. Australia has opted for a
wide-ranging voluntary initiative, which has
produced mixed results. The United States does
not have a federal target for reducing emissions.
Instead, it has a ‘carbon-intensity’ reduction
goal which measures efficiency. The problem is
that efficiency gains have failed to prevent large
aggregate increases in emissions. In the absence
of federal targets, several United States’ states
have set their own mitigation goals. California’s
Global Warming Solutions Act of 2006 is a
bold attempt to align greenhouse gas reduction
targets with reformed energy policies.

Setting ambitious targets for mitigation
is an important first step. Translating targets
into policies is politically more challenging.
The starting point: putting a price on carbon
emissions. Changed incentive structures are a
vital condition for an accelerated transition to

low-carbon growth. In an optimal scenario, the



carbon price would be global. This is politically
unrealistic in the short-run because the world
lacks the required governance system. The more
realistic option is for rich countries to develop
carbon pricing structures. As these structures
evolve, developing countries could be integrated
over time as institutional conditions allow.

There are two ways of putting a price on
carbon. The first is to directly tax CO, emis-
sions. Importantly, carbon taxation does not
imply an increase in the overall tax burden. The
revenues can be used in a fiscally neutral way to
support wider environmental tax reforms—for
example, cutting taxes on labour and invest-
ment. Marginal taxation levels would require
adjustment in the light of greenhouse gas emis-
sion trends. One approach, broadly consistent
with our sustainable emissions pathway, would
entail the introduction of taxation at a level
of US$10-20/t CO, in 2010, rising in annual
increments of US$5-10/t CO, towards a level
of US$60-100/t CO, . Such an approach would
provide investors and markets with a clear and
predictable framework for planning future
investments. And it would generate strong
incentives for a low-carbon transition.

The second route to carbon pricing is cap-
and-trade. Under a cap-and-trade system, the
government sets an overall emissions cap and
issues tradable allowances that grant business the
right to emit a set amount. Those who can reduce
emissions more cheaply are able to sell allowances.
One potential disadvantage of cap-and-trade
is energy price instability. The potential advan-
tage is environmental certainty: the cap itself
is a quantitative ceiling applied to emissions.
Given the urgency of achieving deep and early
quantitative cuts in greenhouse gas emissions,
well-designed cap-and-trade programmes have
the potential to play a key role in mitigation.

The European Unions Emissions Trading
Scheme (ETS), is the world’s largest cap-and-
trade programme. While much has been
achieved, there are serious problems to be
addressed. The caps on emissions have been set
far too high, primarily because of the failure of
European Union member states to resist the
lobbying efforts of powerful vested interests.
Some sectors—notably power—have secured

windfall gains at public expense. And only a
small fraction of ETS permits—less than 10
percent in the second phase—can be auctioned,
depriving governments of revenue for tax reform
and opening the door to political manipulation
and generating inefficiencies. Restricting ETS
quota allocations in line with the European
Union’s commitment to a 20-30 percent cut in
emissions by 2020 would help to align carbon
markets with mitigation goals.

Carbon markets are a necessary condition
for the transition to alow-carbon economy. They
are not a suflicient condition. Governments
have a critical role to play in setting regula-
tory standards and in supporting low-carbon
research, development and deployment.

There is no shortage of positive examples.
Renewable energy provision is expanding
in part because of the creation of incentives
through regulation. In Germany, the ‘“feed-in’
tariff has boosted the share of renewable sup-
pliers in the national grid. The United States
has successfully used tax incentives to encour-
age the development of a vibrant wind power
industry. However, while the rapid growth of
renewable energy has been encouraging, overall
progress falls far short of what is possible—and
of what is required for climate change mitiga-
tion. Most OECD countries have the potential
to raise the share of renewable energy in power
generation to at least 20 percent.

Enhanced energy efliciency has the po-
tential to deliver a ‘double dividend’. It can
reduce CO, emissions azd cut energy costs. If all
electrical appliances operating in OECD
countries in 2005 had met the best efficiency
standards, it would have saved some 322 Mt
CO, of emissions by 2010—equivalent to taking
over 100 million cars off the road. Household
electricity consumption would fall by one-quarter.

Personal transportation is another area
where regulatory standards can unlock dou-
ble-dividends. The automobile sector accounts
for about 30 percent of greenhouse gas emis-
sions in developed countries—and the share
is rising. Regulatory standards matter because
they can influence flect efficiency, or the aver-
age number of miles travelled per gallon (and
hence CO, emissions). In the United States,

Carbon markets are a
necessary condition for the
transition to a low-carbon
economy. They are not

a sufficient condition
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The rapid development and
deployment of low-carbon
technologies is vital to

climate change mitigation

fuel efficiency standards have slipped over time.
They are now lower than in China. Raising
standards by 20 miles per gallon would cut
oil consumption by 3.5 million barrels a day
and save 400 Mt CO, emissions a year—more
than the total emissions from Thailand. Efforts
to raise fuel efficiency standards are often
countered by powerful vested interests. In
Europe, for example, European Commission
proposals to raise standards have been
countered by a coalition of automobile manu-
facturers. Several member states have rejected
the proposals, raising wider questions about
the European Union’s capacity to translate
climate change goals into tangible policies.

International trade could play a much larger
role in expanding markets for alternative fuels.
Brazil is more cfficient than cither the European
Union or the United States in producing etha-
nol. Moreover, sugar-based ethanol is more
efficient at cutting carbon emissions. The prob-
lem is that imports of Brazilian ethanol are
restricted by high import tariffs. Removing
these tariffs would generate gains not just for
Brazil, but for climate change mitigation.

The rapid development and deployment
of low-carbon technologies is vital to climate
change mitigation. Picking winners in technol-
ogy is a hazardous affair. Governments have
at best a mixed record. However, confronted
with a national and global threat on the scale
of climate change, governments cannot afford
to stand back and wait for markets to deliver.
Energy policy is an area in which the scale of
upfront investments, time horizon, and uncer-
tainty combine to guarantee that markets
alone will fail to deliver technological change
at the pace required by mitigation. In earlier
periods, major technological breakthroughs
have followed decisive government action: the
Manhattan Project and the United States space
programme are examples.

Carbon Capture and Storage (CSS) is a key
breakthrough technology. Coal is the major
source of power for electricity generation world-
wide. Reserves are widely dispersed. Coupled
with rising prices for oil and natural gas, this
is one reason why coal figures prominently in

the present and planned energy mix of major

HUMAN DEVELOPMENT REPORT 2007/2008

emitters such as the China, India and the
United States. CCS is important because it
holds out the promise of coal-fired power gen-
eration with near-zero emissions. With a more
active programme of public—private investment,
aligned with carbon pricing, CCS technologies
could be developed and deployed more rapidly.
Both the European Union and the United
States have the capacity to put in place at least
30 demonstration plants by 2015.

Low levels of energy efficiency in develop-
ing countries are currently a threat to climate
change mitigation efforts. Raising efficiency
levels through international cooperation could
transform that threat into an opportunity, gen-
erating large gains for human development in
the process. We demonstrate this by examining
the impact on CO, emissions of an accelerated
technology transfer programme for the coal
sector in China. For China alone, emissions
in 2030 would be 1.8 Gt CO, below the level
projected by the International Energy Agency.
That figure is equivalent to around one-half of
current European Union emissions. Similar
efficiency gains are attainable in other areas.

Enhanced energy efficiency is a win—win
scenario. Developing countries stand to gain
from improved energy efficiency and lower
environmental pollution. All countries stand
to gain from CO, mitigation. Unfortunately,
the world currently lacks a credible mecha-
nism for unlocking this win-win scenario.
We propose the development, under the
auspices of the post-2012 Kyoto framework,
of a Climate Change Mitigation Facility
(CCMEF) to fill this gap. The CCMF would
mobilize US$25-50 billion annually to
finance low-carbon energy investments in
developing countries. Financing provisions
would be linked to the circumstances of
individual countries, with a menu of grants,
concessional support and risk guarantees
available. Support would be programme-
based. It would cover the incremental costs of
achieving defined emission reduction targets
by scaling-up nationally-owned energy poli-
cies in areas such as renewable energy, clean
coal and enhanced efficiency standards for
transport and buildings.



Deforestation is another key area for inter-
national cooperation. Currently, the world is
losing the carbon assets contained in rainfor-
ests at a fraction of the market value they would
have even at low carbon prices. In Indonesia,
every US$1 generated through deforestation to
grow palm oil would translate into a US$50-
100 loss if the reduced carbon capacity could be
traded on the European Union’s ETS. Beyond
these market failures, the loss of rainforests
represents the erosion of a resource that plays
a vital role in the lives of the poor, in the pro-
vision of ecosystem services and in sustaining
biodiversity.

There is scope for exploring the potential
of carbon markets in the creation of incentives
to avoid deforestation. More broadly, carbon
finance could be mobilized to support the res-
toration of degraded grasslands, generating
benefits for climate change mitigation, adapta-
tion and environmental sustainability.

Adapting to the inevitable: national action
and international cooperation

Without urgent mitigation action the world
cannot avoid dangerous climate change. But
even the most stringent mitigation will be
insuflicient to avoid major human development
setbacks. The world is already committed to
further warming because of the inertia built
into climate systems and the delay between
mitigation and outcome. For the first half of the
21* Century there is no alternative to adapta-
tion to climate change.

Rich countries already recognize the im-
perative to adapt. Many are investing heavily
in the development of climate defence infra-
structures. National strategies are being drawn
up to prepare for more extreme and less certain
future weather patterns. The United Kingdom
is spending US$1.2 billion annually on flood
defences. In the Netherlands, people are invest-
ing in homes that can float on water. The Swiss
alpine ski industry is investing in artificial
snow-making machines.

Developing countries face far more severe
adaptation challenges. Those challenges have to
be met by governments operating under severe

financing constraints, and by poor people

themselves. In the Horn of Africa, ‘adaptation’

means that women and younggirls walk further

to collect water. In the Ganges Delta, people
are erecting bamboo flood shelters on stilts.

And in the Mekong Delta people are planting

mangroves to protect themselves against storm

surges, and women and children are being
taught to swim.

Inequalities in capacity to adapt to climate
change are becoming increasingly apparent. For
one part of the world—the richer part—adap-
tation is a matter of erecting elaborate climate
defence infrastructures, and of building homes
that ‘float on’ water. In the other part adapta-
tion means people themselves learning to ‘float
in’ flood water. Unlike people living behind
the flood defences of London and Los Angeles,
young girls in the Horn of Africa and people
in the Ganges Delta do not have a deep car-
bon footprint. As Desmond Tutu, the former
Archbishop of Cape Town, has argued, we are
drifting into a world of adaptation apartheid.

Planning for climate change adaptation
confronts governments in developing countries
with challenges at many levels. These challenges
pose systemic threats. In Egypt, delta flooding
could transform conditions for agricultural
production. Changes to coastal currents in
southern Africa could compromise the future of
Namibia’s fisheries sector. Hydroelectric power
generation will be affected in many countries.

Responding to climate change will require
the integration of adaptation into all aspects of
policy development and planning for poverty
reduction. However, planning and implemen-
tation capacity is limited:

o Information. Many of the world’s poorest
countries lack the capacity and the resources
to assess climate risks. In sub-Saharan Africa,
high levels of rural poverty and dependence
on rainfed agriculture makes meteorological
information an imperative for adaptation.
However, the region has the world’s low-
est density of meteorological stations. In
France, the meteorological budget amounts
to US$388 million annually, compared with
just US$2 million in Ethiopia. The 2005
G8 summit pledged action to strengthen
Africa’s meteorological monitoring capacity.
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Support for the MDGs
provides another powerful
rationale for action:
adaptation is a key
requirement for achieving
the 2015 targets and
creating the conditions

for sustained progress

Follow-up has fallen far short of the commit-
ments made.

o Infrastructure. In climate change adap-
tation, as in other areas, prevention is
better than cure. Every US$1 invested in
pre-disaster risk management in develop-
ing countries can prevent losses of US$7.
In Bangladesh, research among impoverished
populations living on char islands shows that
adaptation against flooding can strengthen
livelihoods, even in extreme conditions. Many
countries lack the financial resources required
forinfrastructural adaptation. Beyond disaster
prevention, the development of community-
based infrastructure for water harvesting can
reduce vulnerability and empower people to
cope with climate risks. Partnerships between
communities and local governments in Indian
states such as Andhra Pradesh and Gujarat
provide examples of what can be achieved.

o Insuranceforsocialprotection. Climate change
is generating incremental risks in the lives
of the poor. Social protection programmes
can help people cope with those risks while
expanding opportunities for employment,
nutrition and education. In Ethiopia the
Productive Safety Net Programme is an
attempt to strengthen the capacity of poor
houscholds to cope with droughts without
having to sacrifice opportunities for health
and education. In Latin America condi-
tional cash transfers have been widely used
to support a wide range of human devel-
opment goals, including the protection of
basic capabilities during a sudden crisis. In
southern Africa cash transfers have been used
during droughts to protect long-run produc-
tive capacity. While social protection figures
only marginally in current climate change
adaptation strategies, it has the potential to
create large human development returns.
The casc for international action on adapta-

tion is rooted in past commitments, shared

values, the global commitment to poverty
reduction and the liability of rich nations for
climate change problems. Under the terms of
the United Nations Framework Convention
on Climate Change (UNFCCC), northern

governments are obliged to support adaptation
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capacity development. Support for the MDGs
provides another powerful rationale for action:
adaptation is a key requirement for achieving
the 2015 targets and creating the conditions
for sustained progress. Application of the legal
principles of protection from harm and com-
pensation for damage would constitute further
grounds for action.

Expressed in diplomatic language, the
international response on adaptation has fallen
far short of what is required. Several dedicated
multilateral financing mechanisms have been
created, including the Least Developed Country
Fund and the Special Climate Change Fund.
Delivery through these mechanisms has been
limited. Total financing to date has amounted
to around US$26 million—a derisory response.
For purposes of comparison, this is equivalent
to one week’s worth of spending under the
United Kingdom flood defence programme.
Current pledged funding amounts to US$279
million for disbursement over several years.
This is an improvement over past delivery but
still a fraction of what is required. It represents
less than one-half of what the German state
of Baden-Wirtemberg will allocate to the
strengthening of flood defences.

It is not just the lives and the livelihoods of
the poor that require protection through adap-
tation. Aid programmes are also under threat.
We estimate that around one-third of cur-
rent development assistance is concentrated in
arcas facing varying degrees of climate change
risk. Insulating aid budgets from that risk will
require additional investment of around
US$4.5 billion. At the same time, climate
change is contributing to a diversion of aid into
disaster relief. This has been one of the fastest-
growing areas for aid flows, accounting for 7.5
percent of total commitments in 2005.

Estimating the aid financing requirements
for adaptation is inherently difficult. In the
absence of detailed national assessments of
climate change risks and vulnerabilities, any
assessment must remain a ‘guesstimate’. Our
‘guesstimate’isthatby2015atleast US$44billion
will be required annually for ‘climate proofing’
development investments (2005 prices). Build-
ing human resilience is another priority area.



Investments in social protection and wider
human development strategies are needed to
strengthen the capacity of vulnerable people
to cope with risk. Our ballpark estimate is
that at least US$40 billion will be needed by
2015 to strengthen national strategies for pov-
erty reduction in the face of climate change
risks. To put this figure in context, it represents
around 0.5 percent of projected 2015 GDP for
low income and lower middle income coun-
tries. Provision for disaster and post-disaster
recovery will also have to be strengthened as
droughts, floods, storms and landslides pose
greater threats. Provision of an additional
US$2 billion a year is implied by our estimates.

Adaptation financing requirements should
be seen as ‘new and additional’ commitments.
That is, they should supplement rather than
divert existing aid commitments. Northern
governments have pledged to double aid by
2010, though the record on delivery is mixed.
Any shortfall in delivery will compromise
progress towards the MDGs and compound
problems in climate change adaptation.

The headline figure for new and additional
adaptation financing appears large—but has to
be placed in context. The total of around US$86
billion by 2015 may be required to prevent aid
diversion. It would represent around 0.2 per-
cent of developed country GDP, or around
one-tenth of what they currently allocate to
military expenditure. Measured in terms of
returns for human security, adaptation financ-
ing is a highly cost-effective investment. There
are a range of innovative ﬁnancing mechanisms
that could be explored to mobilize resources.
These include carbon taxation, levies admin-
istered under cap-and-trade programmes and
dedicated levies on air transport and vehicles.

International support for adaptation has
to go beyond financing. Currentinternational
cfforts suffer not just from chronic under-
financing, but also a lack of coordination
and coherence. The patchwork of multilat-
eral mechanisms is delivering small amounts
of finance with very high transaction costs,
most of it through individual projects. While
project-based support has an important role
to play, the locus for adaptation planning has

to be shifted towards national programmes
and budgets.

The integration of adaptation planning into
wider poverty reduction strategies is a priority.
Successful adaptation policies cannot be grafted
on to systems that are failing to address under-
lying causes of poverty, vulnerability and wider
disparities based on wealth, gender and location.
Dialogue over Poverty Reduction Strategy Papers
(PRSPs) provides a possible framework for inte-
grating adaptation in poverty reduction planning,
Revision of PRSPs through nationally-owned
processes to identify financing requirements and
policy options for adaptation could provide a focal

point for international cooperation.

Conclusion and summary of
recommendations

Climate change confronts humanity with stark
choices. We can avoid 21* Century reversals in
human development and catastrophic risks for
future generations, but only by choosing to act
with a sense of urgency. That sense of urgency
is currently missing. Governments may use
the rhetoric of a ‘global security crisis’ when
describing the climate change problem, but
their actions—and inactions—on energy policy
reform tell a different story. The starting point
for action and political leadership is recogni-
tion on the part of governments that they are
confronted by what may be the gravest threat
ever to have faced humanity.

Facing up to that threat will create
challenges at many levels. Perhaps most fun-
damentally of all, it challenges the way that we
think about progress. There could be no clearer
demonstration than climate that economic
wealth creation is not the same thing as human
progress. Under the current energy policies, ris-
ing economic prosperity will go hand-in-hand
with mounting threats to human development
today and the well-being of future genera-
tions. But carbon-intensive economic growth
is symptomatic of a deeper problem. One of
the hardest lessons taught by climate change is
that the economic model which drives growth,
and the profligate consumption in rich nations
that goes with it, is ecologically unsustainable.
There could be no greater challenge to our

There could be no clearer
demonstration than climate
that economic wealth
creation is not the same

thing as human progress
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For the current generation,
the challenge is to keep
open the window of
opportunity by bending
greenhouse gas emissions

in a downward direction

assumptions about progress than that of realign-
ing economic activities and consumption with
ecological realities.

Combating climate change demands that
we place ecological imperatives at the heart
of economics. That process has to start in the
developed world—and it has to start today.
The uncertainties have to be acknowledged. In
this report we have argued that, with the right
reforms, it is not too late to cut greenhouse gas
emissions to sustainable levels without sacrific-
ingeconomic growth: that rising prosperity and
climate security are not conflicting objectives.

The current state of international coopera-
tion and multilateralism on climate change is
not fit for the purpose. As a priority, the world
needs a binding international agreement to cut
greenhouse gas emissions across a long time
horizon, but with stringent near-term and
medium-term targets. The major developing
countries have to be party to that agreement
and make commitments to reduce emissions.
However, those commitments will need to
reflect their circumstances and capabilities,
and the overarching need to sustain progress in
poverty reduction. Any multilateral agreement
without quantitative commitments from devel-
oping countries will lack credibility in terms of
climate change mitigation. At the same time,
no such agreement will emerge unless it incor-
porates provisions for finance and technology
transfer from the rich nations that bear historic
responsibility for climate change.
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International cooperation must also ad-
dress the pressing issue of climate change ad-
aptation. Even with stringent mitigation, the
world is already committed to sustained global
warming for the first half of the 21** Century.
Having created the problem, the world’s rich-
est countries cannot stand aside and watch the
hopes and the aspirations of the world’s poor be
undermined by increased exposure to the risks
and vulnerabilities that will come with climate
change.

Fighting climate change is a cross-genera-
tional exercise. For the current generation,
the challenge is to keep open the window of
opportunity by bending greenhouse gas emis-
sions in a downward direction. The world
has a historic opportunity to begin this task.
In 2012, the current commitment period of
the Kyoto Protocol expires. The successor
agreement could set a new course, impos-
ing stringent limits on future emissions and
providing a framework for international col-
lective action. Negotiations could be brought
forward so that the quantitative targets are set
by 2010, providing governments with goals
for national carbon budgets. Carbon budget-
ing backed by radical energy policy reforms
and government action to change incentive
structures for consumers and investors is the
foundation for effective climate change miti-
gation. There is no such thing as a last chance
in human affairs. But the post-2012 Kyoto
framework comes close.



Recommendations

1 Develop a multilateral
framework for avoiding
dangerous climate change
under the post-2012 Kyoto
Protocol

e Establish an agreed threshold for dangerous
climate change at 2°C above preindustrial
levels.

e Set a stabilization target for atmospheric
concentrations of CO,e at 450 ppm (the
costs are estimated at 1.6 percent of average
global GDP to0 2030).

e Agree to a global sustainable emissions
pathway aimed at 50 percent reductions
of greenhouse gas emissions by 2050 from
1990 levels.

e Targets under the current Kyoto commit-
ment period implemented by developed
countries, with a further agreement to cut
greenhouse gas emissions by at least 80 per-
cent by 2050, with 20-30 percent cuts by
2020.

e Major emitters in developing countries to
aim at an emissions trajectory that peaks in
2020, with 20 percent cuts by 2050.

2 Putin place policies for
sustainable carbon budgeting—
the agenda for mitigation

e Set a national carbon budget in all devel-
oped countries with targets for reducing
overall emissions from a 1990 reference year
incorporated into national legislation.

e Put a price on carbon through taxation or
cap-and-trade programmes consistent with
national carbon budget goals.

e Carbon taxation to be introduced at a level
of US$10-20/t CO, in 2010, rising in an-
nual increments to US$60-100/t CO,.

e Adopt cap-and-trade programmes that aim
at 20-30 percent cuts in CO, emissions by
2020 with 90-100 percent of allowances
auctioned by 2015.

Utilise revenues from carbon taxation and
cap-and-trade to finance progressive tax
reform, with reductions in taxes on labour
and investments, and the development of
incentives for low-carbon technology.
Reform of the European Union’s Emissions
Trading Scheme to reduce quotas, increase
auctioning and limit windfall gains for the
private sector.

Create an enabling environment for renew-
able energy through ‘feed-in’ tariffs and
market regulation, with a 20 percent target
by 2020 in renewable power generation.
Increase energy efficiency through reg-
ulatory standards for appliances and
buildings.

Reduce CO, emissions from transport
through stronger fuel efficiency standards
in the European Union, with a target of
120g CO,/km by 2012 and 80g CO,/km
by 2020, and more stringent Corporate
Average Fuel Economy Standards (CAFE)
in the United States with the introduction
of taxation of aviation.

Increase financing, incentives and regu-
latory support for the development of
breakthrough technologies, with a focus on
Carbon Capture and Storage (CCS)—the
United States should aim at 30 demon-
stration plants by 2015, and the European
Union should have a comparable level
of ambition.

Strengthen the framework for
international cooperation

Develop international cooperation to
enhance access to modern energy services
and reduce dependence on biomass, the pri-
mary source of energy for about 2.5 billion
people.

Reduce the rate of increase in carbon emis-
sions in developing countries through
strengthened energy sector reforms, backed
by finance and technology transfer.
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Create a Climate Change Mitigation
Facility (CCMF) to mobilize the
US$25-50 billion needed annually to
support low-carbon transitions in devel-
oping countries through a mix of grants,
concessional aid and risk guarantees for
investment under nationally-owned energy
sector reform programmes.

Integrate project based carbon-financing
through the Clean Development Mecha-
nism and other Kyoto flexibility provi-
sions into programme-based and sectoral
national strategies for supporting low-car-
bon transition.

Significantly strengthen international
cooperation on coal, with the creation of
incentives for the development and deploy-
ment on Integrated Gasification Combined
Cycle (IGCC) technology and CCS.
Develop international incentives for the
conservation and sustainable management
of rainforests.

Extend carbon financing beyond indus-
trial sector mitigation to land-use
programmes—such as forest conservation
and grasslands restoration—that offer
benefits for the poor.

Put climate change adaptation
at the centre of the post-2012
Kyoto framework and
international partnerships for
poverty reduction

Recognize that the world is committed to
significant climate change, that even strin-
gent mitigation will not materially affect
temperature change until the mid-2030s,
and that average global temperatures
will rise to 2050 even under a ‘good case’
scenario.

Strengthen the capacity of developing
countries to assess climate change risks
and integrate adaptation into all aspects of
national planning.
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Act on G8 commitments to strengthen
meteorological monitoring capacity in sub-
Saharan Africa through partnerships under
the Global Climate Observing System.
Empower and enable vulnerable people to
adapt to climate change by building resil-
ience through investments in social protec-
tion, health, education and other measures.
Integrate adaptation into poverty reduction
strategies that address vulnerabilities linked
to inequalities based on wealth, gender, lo-
cation and other markers for disadvantage.
Provide at least US$86 billion in ‘new and
additional’ finance for adaptation through
transfers from rich to poor by 2016 to
protect progress towards the MDGs and
prevent post-2015 reversals in human
development.

Expand multilateral provisions for respond-
ing to climate-related humanitarian
emergencies and supporting post-disaster
recovery to build future resilience, with
US$2 billion in financing by 2016 under
arrangements such as the UN’s Central
Emergency Response Fund and the
World Bank’s Global Facility for Disaster
Reduction and Recovery.

Explore a range of innovative financing
options beyond development assistance to
mobilize support for adaptation, including
carbon taxation, levies on quotas issued
under cap-and-trade programmes, air
transport taxes and wider measures.
Streamline the current structure of dedi-
cated multilateral funds which are delivering
limited support (US$26 million to date and
US$253 million in the pipeline, with high
transition costs), and shift the locus of sup-
port from projects to programme-based
financing.

Use Poverty Reduction Strategy Papers
(PRSPs) to conduct national estimates of
the costs of scaling—up existing programmes,
identifying priority areas for reducing
vulnerability.



The 21 Century /
climate challenge



“One generation plants a tree; the
next generation gets the shade.”

Chinese Proverb

“You already know enough.So do |.
It is not knowledge we lack.
What is missing is the courage to
understand what we know and
to draw conclusions.”

Sven Lindqvist



CHAPTER

The supreme reality of
our time is the spectre of

dangerous climate change

The 215 Century climate challenge

Easter Island in the Pacific Ocean is one of the most remote locations on Earth.

The gigantic stone statues located in the Rono Raraku volcanic crater are all that re-

main of what was a complex civilization. That civilization disappeared because of the

over-exploitation of environmental resources. Competition between rival clans led

to rapid deforestation, soil erosion and the destruction of bird populations, under-

mining the food and agricultural systems that sustained human life.! The warning

signs of impending destruction were picked up too late to avert collapse.

The Easter Island story is a case study in the
consequences of failure to manage shared eco-
logical resources. Climate change is becominga
21* Century variant of that story on a global
scale. There is, however, one important difference.
The people of Easter Island were overtaken by a
crisis that they could not anticipate—and over
which they had little control. Today, ignorance
is no defence. We have the evidence, we have the
resources to avert crisis, and we know the conse-
quences of carrying on with business-as-usual.

President John F. Kennedy once remarked
that “the supreme reality of our time is our
indivisibility and our common vulnerability
on this planet”* He was speaking in 1963 in
the aftermath of the Cuban missile crisis at the
height of the Cold War. The world was living
with the spectre of nuclear holocaust. Four
decades on, the supreme reality of our time is
the spectre of dangerous climate change.

That spectre confronts us with the threat
of a twin catastrophe. The first is an immediate
threat to human development. Climate change
affects all people in all countries. However, the
world’s poorest people are on the front line.
They stand most directly in harm’s way—and
they have the least resources to cope. This first
catastrophe is not a distant future scenario. It
is unfolding today, slowing progress towards

the Millennium Development Goals (MDGs)
and deepening inequalities within and across
countries. Left unattended, it will lead to
human development reversals throughout the
21 Century.

The second catastrophe is located in the fu-
ture. Like the threat of nuclear confrontation
during the Cold War, climate change poses
risks not just for the world’s poor, but for the
entire planet—and for future generations. Our
current path offers a one-way route to ecological
disaster. There are uncertainties relating to the
speed of warming, and to the exact timing and
forms of the impacts. But the risks associated
with accelerated disintegration of the Earth’s
great ice sheets, the warming of the oceans, the
collapse of rainforest systems and other possible
outcomes are real. They have the potential to set
in train processes that could recast the human
and physical geography of our planet.

Our generation has the means—and
the responsibility—to avert that outcome.
Immediate risks are heavily skewed towards
the world’s poorest countries and their most
vulnerable citizens. However, there are no risk
free havens over the long term. Rich countries
and people not on the front line of the unfold-
ing disaster will ultimately be affected. That is

why precautionary climate change mitigation is
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The Earth’s capacity to

absorb carbon dioxide and
other greenhouse gases

is being overwhelmed

The 215t Century climate challenge - l

an essential insurance against future catastro-
phe for humanity as a whole, including future
generations in the developed world.

The heart of the climate change problem
is that the Earth’s capacity to absorb carbon
dioxide (CO,) and other greenhouse gases
is being overwhelmed. Humanity is living
beyond its environmental means and running
up ccological debts that future generations will
be unable to repay.

Climate change challenges us to think
in a profoundly different way about human
interdependence. Whatever else divides us,
humanity shares a single planet just as surely as
the people of Easter Island shared a single island.
The ties that bind the human community on the
planet stretch across countries and generations.
No nation, large or small, can be indifferent to the
fate of others, or oblivious to the consequences of
today’s actions for people living in the future.

Future generations will see our response
to climate change as a measure of our ethical
values. That response will provide a testimony
on how political leaders today acted on their
pledges to combat poverty and build a more
inclusive world. Leaving large sections of
humanity even more marginalized would sig-
nify a disregard for social justice and equity
between countries. Climate change also asks
tough questions about how we think about
our links to people in the future. Our actions
will serve as a barometer of our commitment
to cross-generational social justice and
equity—and as a record against which future
generations will judge our actions.

There are encouraging signs. Five years ago,
climate change scepticism was a flourishing
industry. Liberally financed by large companies,
widely cited in the media, and attentively
listened to by some governments, climate
sceptics exercised an undue influence on public
understanding. Today, every credible climate
scientist believes that climate change is real, that
it is serious, and that it is linked to the release
of CO,. Governments across the world share
that view. Scientific consensus does not mean
that debates on the causes and consequences of
global warming are over: the science of climate
change deals in probabilities, not certainties.
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But at least the political debate is now rooted in
scientific evidence.

The problem is that there is a large gap
between scientific evidence and political
action. So far most governments have been
failing the test on climate change mitiga-
tion. Most have responded to the recently
released Fourth Assessment Report of the
Intergovernmental Panel on Climate Change
(IPCC) by recognizing that the evidence on cli-
mate change is “unequivocal” and that urgent
action is needed. Successive meetings of the Group
of Eight (G8) industrialized countries have reaf-
firmed the need for concrete measures to be putin
place. They have acknowledged that the ship is
heading for an object that looks ominously
like an iceberg. Unfortunately, they have yet to
initiate decisively evasive action by charting a
new emissions trajectory for greenhouse gases.

There is a very real sense in which time
is running out. Climate change is a chal-
lenge that has to be addressed throughout the
21** Century. No quick technological fixes are
available. But the long-time horizon is not a
window of opportunity for prevarication and
indecision. In forging a solution, governments
have to confront the problems of stocks and
flows in the global carbon budget. Stocks of
greenhouse gases are building up, driven by
rising emissions. However, even if we stopped
all emissions tomorrow the stocks would fall
only very slowly. The reason: once emitted CO,
stays in the atmosphere a long time and climate
systems respond slowly. This inertia built into
the system means that there is a long time-lag
between today’s carbon mitigation and tomor-
row’s climate outcomes.

The window of opportunity for successful
mitigation is closing. There is a limit to the
amount of carbon dioxide that the Earth’s
sinks can absorb without creating dangerous
climate change effects—and we are nearing
those limits. We have less than a decade to
ensure that the window of opportunity is kept
open. That does not mean we have a decade
to decide on whether to act and to formu-
late a plan, but a decade in which to start the
transition to low-carbon energy systems. One
certainty in an area marked by high levels of



uncertainty is this: if the next decade looks
the same as the last one, then the world will
be locked on course for the avoidable ‘twin
catastrophe’ of near-term human development
reversals and the risk of ecological disaster for
future generations.

Like the catastrophe that struck Easter Island,
that outcome is preventable. Expiry of the current
commitment period of the Kyoto Protocol in
2012 provides an opportunity to develop a
multilateral strategy that could redefine how we
manage global ecological interdependence. The
priority, as the world’s governments negotiate
that agreement, is to define a sustainable carbon
budget for the 21" Century, and to develop
a strategy for budget implementation that
recognizes the “common but differentiated”
responsibilities of countries.

Success will require the world’s richest
countries to demonstrate leadership: they have

both the deepest carbon footprints, and the tech-
nological and financial capabilities to achieve
deep and early cuts in emissions. However, a
successful multilateral framework will require
the active participation of all major emitters,
including those in the developing world.

Establishing a framework for collective
action that balances urgency with equity is
the starting point for avoiding dangerous
climate change.

This chapter sets out the scale of the challenge
ahead. Section 1 looks at the interaction between
climate change and human development. In
section 2, we sct out the evidence provided by
climate science and scenarios for temperature
changes. Section 3 provides a breakdown of the
world’s carbon footprint. Then in section 4, we
contrast current emission trends with a sustain-
able emissions pathway for the 21°* Century,
drawing upon climate modelling work—and we
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The Human Development Report 2007/2008 comes at a time when
climate change—Ilong on the international agenda—is starting to
receive the very highest attention that it merits. The recent find-
ings of the IPCC sounded a clarion call; they have unequivocally
affirmed the warming of our climate system and linked it directly
to human activity.

The effects of these changes are already grave, and they are
growing. This year’s Report is a powerful reminder of all that is at
stake: climate change threatens a ‘twin catastrophe’, with early set-
backs in human development for the world’s poor being succeeded
by longer term dangers for all of humanity.

We are already beginning to see these catastrophes unfold. As
sea levels rise and tropical storms gather in intensity, millions of
people face displacement. Dryland inhabitants, some of the most
vulnerable on our planet, have to cope with more frequent and
more sustained droughts. And as glaciers retreat, water supplies
are being put at risk.

This early harvest of global warming is having a dispropor-
tionate effect on the world’s poor, and is also hindering efforts to
achieve the MDGs. Yet, in the longer run, no one—rich or poor—
can remain immune from the dangers brought by climate change.

| am convinced that what we do about this challenge will
define the era we live in as much as it defines us. | also believe that
climate change is exactly the kind of global challenge that the
United Nations is best suited to address. That is why | have made
it my personal priority to work with Member States to ensure that
the United Nations plays its role to the full.

Tackling climate change requires action on two fronts. First,
the world urgently needs to step up action to mitigate greenhouse
gas emissions. Industrialized countries need to make deeper
emission reductions. There needs to be further engagement of
developing countries, as well as incentives for them to limit their
emissions while safeguarding economic growth and efforts to
eradicate poverty.

Adaptation is the second global necessity. Many countries,
especially the most vulnerable developing nations, need assistance
in improving their capacity to adapt. There also needs to be a major
push to generate new technologies for combating climate change,
to make existing renewable technologies economically viable, and
to promote a rapid diffusion of technology.

Climate change threatens the entire human family. Yet it also
provides an opportunity to come together and forge a collective
response to a global problem. It is my hope that we will rise as
one to face this challenge, and leave a better world for future
generations.

Ban Ki-moon
Secretary-General of the United Nations
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Climate change will be

one of the defining forces
shaping prospects for
human development

during the 21st Century

The 215t Century climate challenge Ia l

look at the cost of making the transition to a more
sustainable future. Section S contrasts our sustain-
able emissions pathway with the business-as-usual

alternative. The chapter ends by setting out the
ethical and economic case for urgent action on
climate change mitigation and adaptation.

1.1 Climate change and human development

Human development is about people. It is about
expanding people’s real choices and the substan-
tive freedoms—the capabilities—that enable
them to lead lives that they value. Choice and
freedom in human development mean something
more than the absence of constraints.’ People
whose lives are blighted by poverty, ill-health or
illiteracy are not in any meaningful sense free to
lead the lives that they value. Neither are people
who are denied the civil and political rights they
need to influence decisions that affect their lives.
Climate change will be one of the defin-
ing forces shaping prospects for human
development during the 21°* Century. Through
its impact on ecology, rainfall, temperature and
weather systems, global warming will directly
affect all countries. Nobody will be immune to
its consequences. However, some countries and
people are more vulnerable than others. In the
long term, the whole of humanity faces risks but
more immediately, the risks and vulnerabilities
are skewed towards the world’s poorest people.
Climate change will be superimposed upon
a world marked by large human development
deficits. While there are many uncertainties
about the timing, nature and scale of future
impacts, the forces unleashed by global warming
can be expected to magnify existing disadvan-
tages. Location and livelihood structures will
emerge as powerful markers for disadvan-
tage. Concentrated in fragile ecological areas,
drought-prone arid lands, flood-prone coastal
arcas, and precarious urban slums, the poor are
highly exposed to climate change risks—and
they lack the resources to manage those risks.

The backdrop

The interface between climate change and

human development outcomes will be
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shaped by differences in localized climate
effects, by differences in social and economic
coping capacities, and by public policy choices,
among other factors. The starting point
for any consideration of how climate change
scenarios might play out is the human
development backdrop.

That backdrop includes some good news
stories that are often overlooked. Since the first
Human Development Report was published
in 1990 there have been spectacular—if
spectacularly uneven—advances in human
development. The share of the population living
in developing countries on less than US$1 a
day has fallen from 29 percent in 1990 to 18
percent in 2004. Over the same period, child
mortality rates have fallen from 106 deaths per
thousand live births to 83 and life expectancy
has increased by 3 years. Progress in education
has gathered pace. Globally, the primary school
completion rate rose from 83 percent to 88
percent between 1999 and 2005.%

Economic growth, a condition for
sustained progress in poverty reduction, has
accelerated across a large group of countries.
Based on this strong growth, numbers living
in extreme poverty fell by 135 million between
1999 and 2004. Much of this progress has
been driven by East Asia in general and China
in particular. More recently, the emergence
of India as a high-growth economy, with
per capita incomes rising at an average of
4-5 percent since the mid-1990s, has created
enormous opportunities for accelerated
human development. While sub-Saharan
Africa lags behind on many dimensions of
human development, here too there are signs
of progress. Economic growth has picked up
since 2000 and the share of people in the

region living in extreme poverty has finally



started to fall, although the absolute number

of poor has not declined.’

The bad news is that forces generated by
climate change will be superimposed on a
world marked by deep and pervasive human
development deficits, and by disparities that
divide the ‘haves’ and the ‘have-nots’. While
globalization has created unprecedented oppor-
tunities for some, others have been left behind.
In some countries—India is an example—
rapid economic growth has produced modest
progress in poverty reduction and in nutrition.
In others—including most of sub-Saharan
Africa—economic growth is too slow and
uneven to sustain rapid progress in poverty
reduction. Despite high growth across much
of Asia, on current trends most countries are
off track for achieving the MDG targets for
reducing extreme poverty and deprivation in
other areas by 2015.

The state of human development is presented
in more detail elsewhere in this Report. What is
important in the context of climate change is
that emerging risks will fall disproportionally on
countries already characterized by high levels of
poverty and vulnerability:

o Income poverty. There are still around
1 billion people living at the margins of
survival on less than US$1 a day, with
2.6 billion—40 percent of the world’s
population—living on less than US$2 a day.
Outside East Asia, most developing regions
are reducing poverty at a slow pace—too
slowly to achieve the MDG target of halving
extreme poverty by 2015. Unless there is an
acceleration of poverty reduction from 2008
onwards, the target looks likely to be missed
by around 380 million people.®

o Nutrition. Around 28 percent of all chil-
dren in developing countries are estimated
to be underweight or stunted. The two
regions that account for the bulk of the defi-
citare South Asia and sub-Saharan Africa—
and both are off track in terms of achieving
the MDG target of halving under-nutrition
by 2015. If India’s high economic growth
is unequivocal good news, the bad news is
that this has not been translated into accel-
erated progress in cutting under-nutrition.

One-half of all rural children are under-
weight for their age—roughly the same
proportion as in 1992.7
o Child mortality. Progress on child mortality
lags behind progress in other areas. Around
10 million children die each year before the
age of 5, the vast majority from poverty and
malnutrition. Only around 32 countries out
of 147 monitored by the World Bank are on
track to achieve the MDG of a two-thirds
reduction in child mortality by 2015.% South
Asia and sub-Saharan Africa are compre-
hensively off track. On current trends the
MDG target will be missed by a margin
that will represent 4.4 million additional
deathsin 2015
o Health. Infectious diseases continue to
blight the lives of the poor across the world.
An estimated 40 million people are living
with HIV/AIDS, with 3 million deaths in
2004. Every year there are 350-500 million
cases of malaria, with 1 million fatalities:
Africa accounts for 90 percent of malarial
deathsand African children account for over
80 percent of malaria victims worldwide."
These deficits in human development draw
attention to deep inequalities across the world.
The 40 percent of the world’s population living
on less than US$2 a day accounts for 5 percent of
global income. The richest 20 percent accounts
for three-quarters of world income. In the case of
sub-Saharan Africa, a whole region has been left
behind: it will account for almost one-third of
world poverty in 2015, up from one-fifth in 1990.
Income inequality is also rising within
countries. Income distribution influences
the rate at which economic growth translates
into poverty reduction. More than 80 percent
of the world’s population lives in countries
where income differentials are widening. One
consequence is that more growth is needed
to achieve an equivalent poverty reduction
outcome. According to one analysis, developing
countries have to grow at over three times the
pre-1990 rate to achieve the same reduction in
poverty incidence.!!
Skewed income distribution intersects with
wider inequalities. Child death rates among
the poorest one-fifth in the developing world
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With the global rise in

temperature, local rainfall
patterns are changing,
ecological zones are shifting,
the seas are warming and

ice caps are melting
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are falling at half the average rate for the richest,
reflecting deep disparities in nutrition and
access to health provision.!” In an increasingly
urbanized world, disparities between rural and
urban populations remain substantial. Rural
areas account for three in every four people living
on less than US$1 a day and a similar share of the
world population suffering from malnutrition.!?
However, urbanization is not synonymous with
human progress. Urban slum growth is outpacing
urban growth by a wide margin.

The state of the world’s environment is a
vital link between climate change and human
development.In 2005, the United Nations’ (UN)
Millennium Ecosystem Assessment drew attention
to the global deterioration of vital ecosystems,
including mangrove swamps, wetlands and
forests. These ecosystems are highly vulnerable to
climate change—as are the people who depend
on the services they provide.

At a time when climate change concerns are
mounting across the world, it is important that
complex future scenarios are considered in the
context of initial human development conditions.
Climate change is a global phenomenon.
However, the human development impacts
of climate change cannot automatically be
inferred from global scenarios, or from predicted
movements in average global temperatures.
People (and countries) vary in their resilience
and capacity to manage the incremental risks
associated with climate change. They vary in
their capacity to adapt.

Inequalities in capacity to cope with these
risks will fuel wider inequalities in opportunity.
As the incremental risks created by climate
change intensify over time, they will interact
with existing structures of disadvantage.
Prospects for sustained human development in
the years and decades after the 2015 target date
for the MDGs are directly threatened.

Dangerous climate change—five
human development
‘tipping points’

Average global temperature has become a
popular metric for the state of the global
climate.’ That metric tells us something
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important. We know that the world is warming
and that the average global temperature has
increased by around 0.7°C (1.3°F) since the
advent of the industrial era. We know also
that the trend is accelerating: average global
mean temperature is rising at 0.2°C every
decade. With the global rise in temperature,
local rainfall patterns are changing, ecological
zones are shifting, the seas are warming and
ice caps are melting. Forced adaptation to
climate change is already happening across
the world. In the Horn of Africa, adaptation
means that women have to walk further
to find water in the dry season. In Bangladesh
and Viet Nam, it means that small-scale
farmers have to cope with losses caused by
more intense storms, floods and sea surges.
Fifteen years have now passed since the UN
Framework Convention on Climate Change
(UNFCCQC) set out the broad objectives for
multilateral action. Those objectives include
stabilizing greenhouse gas concentrations in
the atmosphere at “a level that would prevent
dangerous anthropogenic interference with the
climate system”. Indicators for the prevention
of danger include stabilization within a time
frame that allows ccosystems to adapt naturally,
the avoidance of disruption to food systems,
and the maintenance of conditions for sustain-

able economic development.

Defining dangerous
At what point does climate change become
dangerous? That question invites another:
Dangerous for whom?"> What is dangerous for
a small-scale farmer living in Malawi might not
appear very dangerous for a large, mechanized
farm in the Midwest of the United States. Climate
change scenarios for rising sea levels that might be
viewed with equanimity from behind the flood
defence systems of London or lower Manhattan
might reasonably be regarded with alarm in
Bangladesh, or in Viet Nam’s Mckong Delta.
Such considerations caution against the
drawing of hard and fast lines separating ‘safe’
from ‘dangerous’ climate change. Dangerous
climate change cannot be inferred from a set
of scientific observations alone. The threshold

for what is dangerous depends on value



judgements over what is an unacceptable cost
in social, economic and ecological terms at any
given level of warming. For millions of people
and for many ecosystems the world has already
passed the danger threshold. Determining what
is an acceptable upper-limit target for future
global temperature increases raises fundamental
questions about power and responsibility. The
extent to which those facing the greatest risks are
able to articulate their concerns, and the weight
attached to their voice, matters a great deal.

Yet with all of these caveats any successful
climate change mitigation effort has to start by
establishing a target. Our starting point is the
growing consensus among climate scientists
on the threshold marker for dangerous climate
change. That consensus identifies 2°C (3.6°F) as
a reasonable upper-bound.!¢

Beyond this point, the future risks of
catastrophic climate change rise sharply.
Accelerated melting of the Greenland and West
Antarctic ice sheets could set in train irreversible
processes, leading eventually to sea levels rising
by several metres—an outcome that would cause
forced human resettlement on a vast scale. Large
areas of rainforest could be transformed into
savannah. The world’s already shrinking glaciers
would be set on course for rapid decline. Above the
2°C threshold, the pressure on ecological systems
such as coral reefs and biodiversity would intensify.
Complex carbon on biodiversity feedback effects
linked to the warming of the oceans, the loss of
rainforests and melting ice sheets would accelerate
the pace of climate change.

Crossing the 2°C threshold would be a step
across the boundary that marks significant risk
of catastrophic outcomes for future generations.
More immediately, it would trigger setbacks in
human development. Developing countries are at
adouble disadvantage in this area: they are located
in tropical areas that stand to experience some of
the most severe early impacts from climate change;
and agriculture—the sector most immediately
affected—plays a far greater social and economic
role. Above all, they are characterized by high
levels of poverty, malnutrition and disadvantage in
health. The combination of acute deprivation on
the one side, with weak social insurance provision

and limited infrastructural capacity to contain

climate risks on the other, points to a high poten-
tial for human development reversals.

From climate change to stalled
human progress—the transmission
mechanisms
Climate change is global but the effects will be
local. Physical impacts will be determined by
geography and microlevel interactions between
global warming and existing weather patterns.
The immense scope of these impacts makes
generalization difficult: drought-prone areas in
sub-Saharan Africa will face different problems
from flood-prone arcas in South Asia. Human
development impacts will also vary as changes
in climate patterns interact with pre-existing
social and economic vulnerabilities. However,
five specific risk-multipliers for human develop-
ment reversals can be identified:

o Reduced agricultural productivity. Around
three-quarters of the world’s population
living on less than US$1 a day depend
directly on agriculture. Climate change
scenarios point to large losses in productivity
for food staples linked to drought and
rainfall variation in parts of sub-Saharan
Africa and South and East Asia. Projected
revenue losses for dryland areas in
sub-Saharan Africa amount to 26 percent
by 2060, with total revenue losses of US$26
billion (in constant 2003 terms)—in excess of
bilateral aid transfers to the region. Through
its impact on agriculture and food security,
climate change could leave an additional
600 million facing acute malnutrition by
the 2080s over and above the level in a
no-climate change scenario.!”

o Heightened water insecurity. Exceeding the
2°C threshold will fundamentally change the
distribution of the world’s water resources.
Accelerated glacial melt in the Himalayas
will compound already severe ecological
problems across northern China, India and
Pakistan, initially increasing floods before
reducing the flow of water to major river
systems vital for irrigation. In Latin America,
accelerated melting of tropical glaciers will
threaten water supplies for urban popu-
lations, agriculture and hydroelectricity,
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Through its impact on
agriculture and food
security, climate change
could leave an additional
600 million facing acute

malnutrition by the 2080s
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How does human development relate to our environmental concerns in general and to climate
change in particular? There are well established traditions in policy discussions to make us think
of the demands of development and the preservation of the environment in rather antagonistic
terms. Attention is often concentrated on the fact that many of the deteriorating environmental
trends in the world, including global warming and other disturbing evidence of climate change, are
linked with heightened economic activity, such as industrial growth, increased energy consumption,
more intensive irrigation, commercial felling of trees, and other activities that tend to correlate with
economic expansion. At a superficial level, it may well appear that the process of development is
responsible for environmental damage.

On the other side, environmental protagonists are frequently accused by development
enthusiasts of being ‘anti-development’ since their activism often takes the form of being rather
unwelcoming to processes that can raise incomes and reduce poverty—because of their allegedly
unfavourable environmental impact. The battle lines may or may not be very sharply drawn, but it is
hard to escape the sense of tension that does exist, in varying degrees, between the champions of
poverty reduction and development, on one side, and the advocates of ecology and environmental
preservation, on the other.

Does the human development approach have something to offer to make us understand whether
this apparent conflict between development and environmental sustainability is real or imaginary? There
is a huge contribution that the human development approach can make by invoking the central perspec-
tive of seeing development as the expansion of substantive human freedom, which is indeed the point of
departure of the human development approach. In this broader perspective, assessment of development
cannot be divorced from considering the lives that people can lead and the real freedoms that they can
enjoy. Development cannot be seen merely in terms of enhancement of inanimate objects of convenience,
such as arise in the GNP (or in personal incomes). This is the basic insight that the human development
approach brought to the development literature right from the outset of that approach, and this insight is
critically important today for clarity regarding environmental sustainability.

Once we appreciate the necessity of seeing the world in the broader perspective of the substantive
freedoms of human beings, it immediately becomes clear that development cannot be divorced from
ecological and environmental concerns. Indeed, important components of human freedoms—and
crucial ingredients of our quality of life—are thoroughly dependent on the integrity of the environment,
involving the air we breathe, the water we drink, the epidemiological surroundings in which we live,
and so on. Development has to be environment-inclusive, and the belief that development and
environment must be on a collision course is not compatible with the central tenets of the human
development approach.

The environment is sometimes misleadingly seen as the state of ‘nature’, reflected by such measures
as the extent of forest cover, the depth of the groundwater table, and so on. This understanding,
however, is seriously incomplete for two important reasons.

First, the value of the environment cannot be just a matter of what there is, but also of the
opportunities it actually offers. The impact of the environment on human lives must inter alia be among
the relevant considerations in assessing the richness of the environment. Indeed, the visionary report
of the World Commission on Environment and Development chaired by Gro Brundtland, Our Common
Future (1987), made this clear by focusing on sustaining the fulfiiment of human ‘needs’. We can, in fact,
go beyond the Brundtland Report’s focus on human needs and bring in the larger domain of human
freedoms, since the human development approach requires us to see people not merely as ‘needy’,
but as people whose freedom to do what they have reason to do is important and demands sustaining
(and if possible expansion).

People have reason to satisfy their needs, of course, and the elementary applications of the human
development approach (for example what we get from the simple Human Development Index, the HDI)
do indeed focus exactly on that. But the domain of freedom can go well beyond that, and the use of the
fuller human development perspective can take into account the freedom of people to do things that
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are not governed exclusively by their own needs. Human beings may not, for example, ‘need’ spotted
owls in any obvious sense, and yet if they have reason to object to the extinction of such species, then
the value of their freedom to achieve this deliberated goal can be the basis of a reasoned judgement.
Prevention of the extinction of animal species that we human beings want to preserve (not so much
because we ‘need’ these animals in any specific way, but because we judge that it is a bad idea to
let existing species disappear forever) can be an integral part of the human development approach.
In fact, the preservation of biodiversity is likely to be among the concerns in our responsible thinking
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about climate change.

Second, the environment is not only a matter of passive preservation, but also one of active pursuit.
We must not think of the environment exclusively in terms of pre-existing natural conditions, since the
environment can also include the results of human creation. For example, purification of water is a part
of improving the environment in which we live. The elimination of epidemics, such as smallpox (which
has already occurred) and malaria (which ought to occur very soon if we can get our acts together), is
a good illustration of an environmental improvement that we can bring about.

This positive recognition does not, of course, change the significant fact that the process
of economic and social development can, in many circumstances, also have strongly destructive
consequences. Those unfavourable effects have to be clearly identified and firmly resisted, along with
strengthening the positive and constructive contributions of development. Even though many human
activities that accompany the process of development may have destructive consequences, it is also
within human power to resist and reverse many of these bad consequences if timely action is taken.

In thinking about the steps that may be taken to halt environmental destruction we have to search
for constructive human intervention. For example, greater levels of female education and women’s
employment can help to reduce fertility rates, which in the long run can reduce the pressure on global
warming and the increasing destruction of natural habitats. Similarly, the spread of school education
and improvements in its quality can make us more environmentally conscious. Better communication
and a richer media can make us more aware of the need for environment-oriented thinking.

Indeed, the need for public participation in ensuring environmental sustainability is critically
important. It is also crucial not to reduce important issues of human evaluation, which demand reflection
and deliberative social assessment, into narrowly technocratic matters of formulaic calculation. For
example, consider the ongoing debate on what ‘discount rate’ to use in balancing present sacrifices
against future security. A central aspect of such discounting is social evaluation of gains and losses
over time. This is at bottom a deeply reflective exercise and a matter for public deliberation, rather than
one for some kind of a mechanical resolution on the basis of some simple formula.

Perhaps the most telling concern here comes from the uncertainty that is inescapably associated
with any future prediction. One reason for being cautious about the ‘best guess’ regarding the future is
the possibility that if we get it wrong, the world we end up with may be extremely precarious. There are
even fears that what can be prevented now may become close to irreversible if no preventive action is
taken without delay, no matter how much the future generations might be ready to spend to reverse the
catastrophe. Some of these predicaments may be particularly damaging for the developing world (for
example, the submerging of parts of Bangladesh or the whole of the Maldives due to rising sea levels).

These are critically important matters for public consideration and discussion, and the develop-
ment of such public dialogue is an important part of the human development approach. The need for
such public deliberation is as important in dealing with climate change and environmental dangers
as it is in tackling more traditional problems of deprivation and continuing poverty. What character-
izes human beings—perhaps more than anything else—is our ability to think and to talk to each other,
and to decide what to do and then to do it. We need to make good use of this quintessential human
capability as much for reasoned sustaining of the environment as we do for coordinated eradication of

old-fashioned poverty and deprivation. Human development is involved in both. @}/\

Amartya Sen
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By 2080, climate change

could increase the
number of people facing
water scarcity around

the world by 1.8 billion
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especially in the Andean region. By 2080,
climate change could increase the number of
people facing water scarcity around the world
by 1.8 billion.'®

Increased exposure to coastal flooding and
extreme weather events. The IPCC forecasts
an increase in extreme weather events.!”
Droughts and floods are already the main
drivers of a steady increase in climate-related
disasters. On average around 262 million
people were affected each year between
2000 and 2004, over 98 percent of them
living in developing countries. With an
increase in temperatures above 2°C, warmer
seas will fuel more violent tropical cyclones.
Drought-affected areas will increase in
extent, jeopardizing livelihoods and com-
promising progress in health and nutrition.
The world is already committed to rising
sea levels in the 21% Century because of past
emissions. Temperature increases in excess
of 2°C would accelerate the rise, causing the
widespread displacement of people in
countries such as Bangladesh, Egypt and
Viet Nam and the inundation of several
small-island states. Rising sea levels and
more intense tropical storm activity could
increase the number of people experiencing
coastal flooding by between 180 million and
230 million.?°

The collapse of ecosystems. All predicted
species extinction rates accelerate beyond
the 2°C threshold, with 3°C marking the
point at which 20-30 percent of species
would be at ‘high risk’ of extinction.?!
Coral reef systems, already in decline, would
suffer extensive ‘bleaching’ leading to the
transformation of marine ecologies, with large
losses of biodiversity and ecosystem services.
This would adversely affect hundreds of
millions of people dependent upon fish for
their livelihoods and nutrition.

Increased health risks. Climate change will
impact on human health at many levels.
Globally an additional 220-400 million
people could be at increased risk of malaria.
Exposure rates for sub-Saharan Africa, which
accounts for around 90 percent of deaths, are
projected to increase by 16-28 percent.?*
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These five drivers for major human
development reversal cannot be viewed in
isolation. They will interact with each other,
and with pre-existing human development
problems, creating powerful downward spirals.
While the processes are already apparent in
many countries, breaching the 2°C threshold
would mark a qualitative shift: it would mark
a transition to far greater ecological, social and
economic damage.

That transition will have important
implications for long term human development
prospects. Climate change scenarios provide a
snapshot of a plausible future. They enable us
not to predict when or where a specific climate
event might happen, but the average probabilities
associated with emerging climate patterns.

From a human development perspec-
tive, these are outcomes that can set in
train dynamic and cumulative processes of
disadvantage. In chapter 2 we set out a model
that captures this process through detailed
analysis of houschold survey data. The
results powerfully illustrate a hidden dimen-
sion of human costs associated with climate
change. To give one example, Ethiopian
children who were born in a drought year in
their district are 41 percent more likely than
their counterparts born in a non-drought
year to be stunted. For 2 million Ethiopian
children this translates into diminished
opportunities for the development of human
capabilities. The important implication is
that even a small incremental risk of more
droughts can lead to large human develop-
ment setbacks. Climate change will create
large incremental risks.

Not all of the human development
costs associated with climate change can be
measured in terms of quantitative outcomes.
Atafundamentallevel, human development s
also about people having a say in the decisions
thataffect theirlives. Inarticulatinga vision of
development as freedom, the Nobel Laureate
Amartya Sen draws attention to the role of
human beings as agents of social change,
emphasizing both “the processes that allow
freedoms of actions and decisions, and actual

opportunities that people have, given their



personal and social circumstances”.*? Climate
change is a profound denier of freedom of
action and a source of disempowerment. One
section of humanity—broadly the poorest

2.6 billion—will have to respond to climate
change forces over which they have no control,
manufactured through political choices in

countries, where they have no voice.

1.2 Climate science and future scenarios

Understanding the scientific evidence on climate
change is a starting point for understanding
the human development challenges of the
21% Century. There is a vast amount of scientific
literature on the subject. Here we focus on the
consensus set out by the IPCC, while drawing
attention to the large areas of uncertainty
over future outcomes. In looking at the future
under climate change there are many ‘known
unknowns’—events that can be predicted but
without any certainty as to their timing or
magnitude. It should come as no surprise that
scientists cannot be certain about precisely how
the Earth’s ecological systems will respond to
human-induced greenhouse gas emissions: we
are living with an experiment that has never
been conducted before.

One of the ‘knowns’ is that we are on a
trajectory that, if uncorrected, will lead to a very
high probability of dangerous climate change
outcomes. Those outcomes would provide a
continuum from near-term human develop-

ment setbacks to long term ecological disaster.
Human-induced climate change

Throughout its history, the carth has expe-
rienced oscillations between warm and cool
periods. These shifts in climate have been
traced to a wide variety of ‘climate forcings’,
including orbital variations, solar fluctuations,
volcanic activity, water vapour, and the atmo-
spheric concentration of greenhouse gases, such
as CO,. The changes that we see happening
today are occurring at a more rapid rate, with
stronger magnitudes and patterns that cannot
be explained by natural cycles.

Average global surface temperature is
the most fundamental measure of climate

change. Temperatures in the past half-century
have probably been the highest of any 50-year
period for the past 1,300 years. The world is
now at or near the warmest level on record
in the current interglacial period, which
began around 12,000 years ago. There is
strong evidence that the process is accelerat-
ing. Eleven of the twelve warmest years since
1850 occurred between 1995 and 2006. Over
the past 100 years the Earth has warmed by
0.7°C. There are large interannual variations.
However, on a decade-by-decade basis, the
linear warming trend for the past 50 years
is nearly twice that for the past 100 years
(figure 1.1).24

There is an overwhelming body of scientific
evidencelinkingrising temperatures toincreased
atmospheric concentrations of CO, and other
greenhouse gases. The effect of these gases in
the atmosphere is to retain part of the outgoing
solar radiation, thereby raising the temperature
of the Earth. This natural ‘greenhouse effect’
is what keeps our planet habitable: without it,
the planet would be 30°C colder. Throughout
the Earth’s four previous glacial and warming
cycles, there has been a high correlation
between atmospheric concentrations of CO,

and temperature.”

What
warming cycle is the rapid rate at which CO,

is different about the current

concentrations are increasing, Since preindustrial
times, atmospheric CO, stocks have increased
by one-third—a rate of increase unprecedented
during at least the last 20,000 years. Evidence
from ice cores shows that current atmospheric
concentrations exceed the natural range of the
last 650,000 years. The increase in stocks of CO,
has been accompanied by rising concentrations

of other greenhouse gases.

The world is now at or near
the warmest level on record
in the current interglacial
period, which began

around 12,000 years ago
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Rising CO, emissions are

pushing up stocks and
increasing temperature
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While the current warming cycle is not
unique in terms of temperature change, it is
unique in one important respect: it is the first
time that humanity has decisively changed a
cycle. Mankind has been releasing CO, into
the atmosphere through burning and land-use
changes for over 500,000 years. But climate
change can be traced back to two great trans-
formations in energy use. In the first, water
power was replaced by coal—a source of energy
condensed by nature over millions of years. It
was coal harnessed to new technologies that
fuelled the industrial revolution, unleashing
unprecedented increases in productivity.

The second great transformation happened
150 years later. Oil had been a source of human
energy for millennia: China had oil wells in
the 4 Century. However, the harnessing of oil
to the internal combustion engine in the early
20th Century marked the start of a revolution

in transport. The burning of coal and oil,
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supplemented by natural gas, has transformed
human societies, providing the energy that has
driven vast increases in wealth and productivity.
It has also fuelled climate change.

In recent years there has been a protracted
debate over the attribution of global
temperature changes to human activities.
Some scientists have argued that natural cycles
and other forces are more important. However,
while natural factors such as volcanic activity
and solar intensity can explain much of
the global temperature trend in the early
19t Century, they do not explain the rise since
then. Other candidates for explaining global
warming have also been rejected. For example,
it has been argued that recent temperature
changes can be traced not to greenhouse gases
but to increases in the sun’s output and cosmic
rays. Detailed research investigating this claim
showed that, for the past two decades, the sun’s
output has in fact declined while temperatures
on Earth have risen.?¢

Debates on attribution may continue. But
the scientific jury came in with the verdict on
the core issues some time ago. That verdict was
confirmed in the IPCC’s most recent assessment,
which concluded that “it is extremely unlikely
that global climate change can be explained
without external forcing”.?” Put differently,
there is greater than 90 percent likelihood that
most of the observed warming is due to human-
generated greenhouse gases.

Global carbon accounting—stocks,
flows and sinks

Climate change has provided an important
reminder of a sometimes forgotten fact. Human
activities take place in ecological systems thatare
not marked by national borders. Unsustainable
management of these systems has consequences
for the environment and for the well-being of
people today and in the future. Reduced to
its essentials, the threat of dangerous climate
change is a symptom of unsustainable ecological
resource management on a global scale.
Human energy systems interact with
global ecological systems in complex ways.
The burning of fossil fuels, land-use changes



and other activities release greenhouse gases,
which are continuously recycled between the
atmosphere, oceans and land biosphere. Current
concentrations of greenhouse gases are the net
results of past emissions, offset by chemical
and physical removal processes. The Earth’s
soils, vegetation and oceans act as large ‘carbon
sinks’. Emissions of CO, are the primary source
of increased concentrations. Other long-lived
greenhouse gases like methane and nitrous
dioxide generated from agricultural activities
and industry, mix with CO, in the atmosphere.
The total warming or ‘radiative forcing’ effect
is measured in terms of CO, equivalence,
or COzt:.28 The sustained rate of increase in
radiative forcing from greenhouse gases over the
past four decades is at least six times faster than
at any time before the industrial revolution.
The global carbon cycle can be expressed in
terms of a simple system of positive and negative
flows. Between 2000 and 2005 an average of
26 Gt CO, was released into the atmosphere
each year. Of this flow, around 8 Gt CO, was
absorbed into the oceans and another 3 Gt CO,
was removed by oceans, land and vegetation. The
net effect: an annual increase of 15 Gt CO, in the
Earth’s atmospheric stocks of greenhouse gases.
Global mean concentration of CO, in
2005 was around 379 ppm. Other long-lived
greenhouse gases add about 75 ppm to this
stock measured in terms of radiative forcing
effects. However, the net effect of all human-
induced greenhouse gas emissions is reduced by
the cooling effect of acrosols. ’ There are large
degrees of uncertainty associated with these
coolingeffects. According to the IPCC, they are
roughly equivalent to the warming generated by
non-CO, greenhouse gases.3°
Atmospheric concentrations of CO, areon
a sharply rising trend.?! They are increasing at
around 1.9 ppm each year. For CO, alone the
annual concentration growth rate over the past
10 years has been around 30 percent faster than
the average for the past 40 years.>? In fact, in
the 8,000 years prior to industrialization, atmo-
spheric CO, increased by only 20 ppm.
Current rates of absorption by carbon sinks
are sometimes confused with the ‘natural’ rate.

In reality, carbon sinks are being overwhelmed.

Take the world’s largest sink—its oceans. These
naturally absorb just 0.1 Gt more CO, per year
than they release. Now they are soaking up
an extra 2 Gt a year—more than 20 times the
natural rate.’®> The result is serious ecological
damage. Oceans are becoming warmer and
increasingly acidic. Rising acidity attacks
carbonate, one of the essential building blocks
for coral and small organisms at the start of the
marine food chain. Based on current trends,
future carbon dioxide releases could produce
chemical conditions in the oceans that have not
been witnessed in the past 300 million years,
except during brief catastrophic events.>*

The future rate of accumulation in greenhouse
gas stocks will be determined by the relationship
between emissions and carbon sinks. There is bad
news on both fronts. By 2030 greenhouse gas
emissions are set to increase by between 50 and
100 percent above 2000 levels.> Meanwhile, the
capacity of the Earth’s ecological systems to absorb
these emissions could shrink. This is because
feedbacks between the climate and the carbon
cycle may be weakening the absorptive capacity
of the world’s oceans and forests. For example,
warmer oceans absorb less CO, and rainforests
could shrink with higher temperatures and
reduced rainfall.

Even without taking into account
uncertainties over future carbon absorption we
are heading for a rapid increase in greenhouse
gas stock accumulation. In effect, we are
opening the taps to increase the flow of water
into an already overflowing bath. The overflow
is reflected in the rate at which CO, is entering
and being locked into the Earth’s atmosphere.

Climate change scenarios—the
known, the known unknowns,
and the uncertain

The world is already committed to future
climate change. Atmospheric stocks of
greenhouse gases are rising with increases in
emissions. Total emissions of all greenhouse
gases amounted to around 48 Gt CO,e in
2004—an increase of one-fifth since 1990.
Rising concentrations of greenhousc gases

mean that global temperatures will continue

Atmospheric concentrations
of CO, are on a

sharply rising trend
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to increase over time. The rate of increase and
the ultimate level of temperature change will
be determined by concentrations of CO, and
other greenhouse gases.

Climate models cannot predict specific
events associated with global warming. What
they can do is simulate ranges of probability
for average temperature change. While the
modelling exercises themselves are enormously
complex, one simple conclusion emerges:
following current trends concentrations of
greenhouse gases could commit the world
to climate change at levels far above the 2°C

threshold.

The world is warming
One of the carly pioneers of climate science, the
Swedish physicist Svante Arrenhuis, predicted
with surprising accuracy that a doubling of
CO, stocks in the Earth’s atmosphere would
raise average global temperatures between
4 and 5°C—a marginal overestimate according
to recent IPCC models.® Less accurately,
Arrhenuis assumed that it would take around
3,000 years for atmospheric concentrations to
double over preindustrial levels. On current
trends that point, around 550 ppm, could be
reached by the mid-2030s.

Future temperature increases will depend
on the point at which stocks of greenhouse
gases stabilize. At whatever level, stabilization

Temperature ranges rise with CO, stocks—

projections for 2080
IPCC scenarios Relative to Relative to
1980-1999 preindustrial
average temperature (°C) temperature (°C)
Constant year 2000 concentrations 0.6 (0.3-0.9) 11
B1 scenario 1.8(1.1-2.9) 2.3
A1T scenario 2.4 (1.4-3.8) 2.9
B2 scenario 2.4 (1.4-3.8) 2.9
A1B scenario 2.8 (1.7-4.4) 8.3
A2 scenario 3.4 (2.0-5.4) 3.9
A1FI scenario 4.0 (2.4-6.4) 4.5

Note: IPCC scenarios describe plausible future patterns of population growth, economic growth, technological change and associated CO,
emissions. The A1 scenarios assume rapid economic and population growth combined with reliance on fossil fuels (A1Fl), non-fossil energy
(A1T) ora combination (A1B). The A2 scenario assumes lower economic growth, less globalization and continued high population growth.
The B1 and B2 scenarios contain some mitigation of emissions, through increased resource efficiency and technology improvement (B1) and
through more localized solutions (B2).

Source: IPCC 2007a.
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requires that emissions must be reduced to the
pointat which theyare equivalent to the rate at
which CO, can be absorbed through natural
processes, without damaging the ecological
systems of the carbon sinks. The longer that
emissions remain above this level, the higher
the point at which accumulated stocks will
stabilize. Overthelongterm, the Earth’snatural
capacity to remove greenhouse gases without
sustaining damage to the ecological systems
of carbon sinks is probably between 1 and 5
Gt CO,e. With emissions running at around
48 Gt CO,e, we are currently overloading
the Earth’s carrying capacity by a factor of
between 10 and 50.

If emissions continue to rise following cur-
rent trends then stocks will be increasingat 4-5
ppm ayear by 2035—almost double the current
rate. Accumulated stocks will have risen to 550
ppm. Even without further increases in the rate
of emissions, stocks of greenhouse gases would
reach over 600 ppm by 2050 and 800 ppm by
the end of the 21 Century.”

The IPCC has developed a family of six
scenarios identifying plausible emissions path-
ways for the 21°* Century. These scenarios are
differentiated by assumptions about population
change, economic growth, energy use patterns
and mitigation. None of the scenarios points
to stabilization below 600 ppm and three are
associated with greenhouse gas concentrations
0f 850 ppm or above.

The relationship between stabilization
point and temperature change is uncertain. The
IPCC scenarios have been used to identify a set
of possible ranges for 21°* Century temperature
change, with a ‘best-estimate’ indicator within
cach range (table 1.1 and figure 1.2). That best
estimate is between 2.3°C and 4.5°C (factoring
in the 0.5°C increase from the start of the
industrial era to 1990).> With the doubling of
atmospheric concentrations, the IPCC projects
a temperature increase of 3°C as the most likely
outcome with the rider that “values substantially
higher than 4.5°C cannot be excluded.”®
In other words, none of the IPCC scenarios
point to a future below the 2°C threshold for
dangerous climate change.
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fuels (A1FI), non-fossil energy (A1T) or a combination (A1B).
The A2 scenario assumes lower economic growth, less
globalization and continued high population growth. The B1 and
B2 scenarios contain some mitigation of emissions, through
increased resource efficiency and technology improvement (B1)
and through more localized solutions (B2).

Source: IPCC 2007a.

Heading for dangerous climate change
In two important respects the IPCC’s best-
estimate range for the 21° Century might
understate the problem. First, climate change
is not just a 21 Century phenomenon.
Temperature adjustments to rising concentra-
tions of CO, and other greenhouse gases will
continue to take place in the 22" Century.
Second, IPCC best-estimates do not rule out
the possibility of higher levels of climate change.
Atany given level of stabilization, there is a proba-
bility range for exceeding a specified temperature.
Ilustrative probability ranges identified in
modelling work include the following:
e Stabilization at 550 ppm, which is below
the lowest point on the IPCC scenarios,
would carry an 80 percent probability of

overshooting the 2°C dangerous climate

change threshold.*°

e Stabilization at 650 ppm carries a probability
of between 60 and 95 percent of exceeding
3°C. Some studies predict a 35-68 percent
likelihood of overshooting 4°C.%!

e Ataround 883 ppm, well within the IPCC
non-mitigation scenario range, there would
be a 50 percent chance of exceeding a 5°C
temperature increase.??

Probability ranges are a complex device for
capturing something of great importance for
the future of our planet. An increase in average
global temperature in excess of 2-3°C would
bring with it enormously damaging ecological,
social and economic impacts. It would also
create aheightened risk of catastrophic impacts,
actingas a trigger for powerful feedback effects
from temperature change to the carbon cycle.
Temperature increases above 4-5°C would
amplify the effects, markedly increasing
the probability of catastrophic outcomes
in the process. In at least three of the IPCC
scenarios, the chances of exceeding a 5°C
increase are greater than 50 percent. Put
differently, under current scenarios, there is
a far stronger likelihood that the world will
overshoot a 5°C threshold than keep within
the 2°C climate change threshold.

One way of understanding these risks is to
reflect on what they might mean in the lives of
ordinary people. We all live with risks. Anybody
who drives a car or walks down a street faces a
very small risk of an accident that will create
serious injury. If the risk of such an accident
increased above 10 percent most people would
think twice about driving or taking a stroll:
a one in ten chance of serious injury is not a
negligible risk. If the odds on a serious accident
increased to 50:50, the case for embarking upon
serious risk reduction measures would become
overwhelming. Yet we are on a greenhouse
gas emission course that makes dangerous
climate change a virtual certainty, with a very
high risk of crossing a threshold for ecological
catastrophe. This is an overwhelming case for
risk reduction, but the world is not acting.

In the course of one century or slightly
more, there is a very real prospect that current
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Today, we are living with

the consequences of the
greenhouses gases emitted
by earlier generations—and
future generations will live
with the consequences

of our emissions

The 215t Century climate challenge - l

trends will see global temperatures increase by
more than 5°C. That figure approximates the
increase in average temperature that has taken
place since the end of the last ice age some 10,000
years ago. During that age, most of Canada and
large areas of the United States were under ice.
The giant Laurentide glacier covered much of
the north-east and north-central United States
with ice several miles deep. The retreat of that
ice created the Great Lakes and scoured-out
new land formations, including Long Island.
Much of northern Europe and north-west Asia
were also covered in ice.

Comparisons between 21°° Century climate
change and the transition from the last ice age
should not be overstated. There is no direct anal-
ogy for the warming processes now underway.
However, geological evidence strongly suggests
that temperature changes on the scale and at the
pace of those now underway could culminate in
transformations of the Earth’s geography, along
with marked changes in the distribution of spe-
cies and human geography.

Probability ranges for temperature change
associated with greenhouse gas concentrations
help to identify targets for mitigation. By changing
the flow of emissions we can alter the rate at which
stocks of greenhouse gases accumulate and hence
the probabilities of overshooting specific tempera-
ture targets. However, the relationship between
greenhouse gas flows, accumulated stocks and
future temperature scenarios is not simple. Long
time-lags between today’s actions and tomorrow’s
outcomes are built into the system. Policies for
climate change mitigation have to deal with
powerful forces of inertia that have an important
bearing on the timing of mitigation.

o Current emissions define future stocks. Basic
chemistry is one force of inertia. When CO,

is released into the atmosphere it stays there a

long time. Half of every tonne emitted remains

in the atmosphere for a period of between
several centuries and several thousand years.

What this means is that traces of the CO,

released when the first coal-powered steam

engines designed by John Newcomen were
operating in the early 18 Century are still
in the atmosphere. So are traces of the emis-
sions generated by the world’s first coal-fired
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power station, designed by Thomas Edison
and opened in lower Manhattan in 1882.
Today, we are living with the consequences
of the greenhouses gases emitted by earlier
generations—and future generations will live
with the consequences of our emissions.

o Stocks, flows and stabilization. There are no
rapid rewind buttons for running down
stocks of greenhouse gases. People living at
the end of the 21°° Century will not have the
opportunity to return in their lifetime to a
world of 450 ppm if we continue on a busi-
ness-as-usual path. The accumulated stock
of greenhouse gases that they inherit will
depend on the emissions pathway that links
the present to the future. Keeping emissions
at current levels would not reduce stocks be-
cause they exceed the absorptive capacity of
the Earth’s carbon sinks. Stabilizing emis-
sions at 2000 levels would increase stocks by
over 200 ppm by the end of the 21** Century.
Because of cumulative processes, the rate of
emissions reduction required to meet any sta-
bilization goal is very sensitive to the timing
and the level of the peak in global emissions.
The later and the higher the peak, the deeper
and the more rapid the cuts needed to achieve
a specified stabilization target.

o Climate systems respond slowly. By the late
21°° Century, actions taken today will be
the major factor affecting climate change.
However, mitigation efforts today will not
produce significant effects until after 2030.%3
The reason: changing emission pathways
does not produce a simultaneous response
in climate systems. The oceans, which have
absorbed about 80 percent of the increase in
global warming, would continue to rise, and
ice sheets would continue melting under any

medium-term scenario.

Uncertain future and ‘nasty
surprises’—catastrophic risk under
climate change

Rising global average temperature is a predict-
able climate change outcome. It is one of the
‘knowns’ that emerge from climate modelling
exercises. There is also a wide range of ‘known

unknowns’. These are predictable events with



large arcas of uncertainty attached to their
timing and magnitude. Uncertain but signifi-
cant risks of catastrophic outcomes are part of
the emerging climate change scenario.

The IPCC’s fourth assessment draws
attention to a wide range of uncertainties linked
to potentially catastrophic events. Two such
events have figured prominently in debates
on climate change. The first is a reversal of the
meridional overturning circulation (MOC),
the vast conveyor of warm water in the Atlantic
Ocean. The heat transported by the Gulf Stream
is equivalent to around 1 percent of humanity’s
current energy use.** As a result of this heat
transport, Europe is up to 8°C warmer, with the
largest effects apparent in winter. It is the threat
to the comparatively mild European climate, as
well as climate concerns elsewhere, that has given
rise to worries about the future of the MOC.

Additional fresh water flowing into the
North Atlantic as a result of glacial melting has
been identified as a potential force for shutting
down or slowing the MOC. Switching off the
Gulf Stream would put northern Europe on
course for an carly ice age. While the IPCC
concludes that a large abrupt transition is very
unlikely in the 21** Century, it warns that
“longer-term changes in the MOC cannot be
assessed with confidence”. Moreover, the likeli-
hood range for an abrupt transition is still 5-10
percent. While this may be “very unlikely” in
terms of the IPCC’s statistical accounting, the
magnitude of the threat and the considerable
uncertainty that surrounds it make a powerful
case for precautionary behaviour in the interests
of future generations.

The same applies to rising sea levels. The
IPCC scenarios point to rises of between 20 and
60 centimetres by the end of the 21* Century.
That is more than a marginal change. Moreover,
the fourth assessment acknowledges that “larger
values cannot be excluded.” Outcomes will
depend upon complex ice formation and melting
processes, and on wider carbon cycle effects. The
IPCC anticipates the continuing contraction of
the great ice sheet in Greenland as a source of
rising sea levels, with uncertainty over the future
of the ice sheets of Antarctica. However, in the
case of Antarctica the IPCC acknowledges that

recent models provide evidence pointing to
processes that could “increase the vulnerability
of the ice-sheets to Wstrming”.45

These uncertainties are of more than passing
academic concern. Consider first the evidence
on the melting of ice sheets and rising sea levels.
So far, the rise in sea level has been dominated
by thermal expansion due to increased tem-
peratures rather than glacial melt—but this
could change. For humanity as a whole, the
accelerated disintegration and eventual demise
of the Greenland and West Antarctic ice sheets
are perhaps the greatest of all the threats linked
to climate change. Recent evidence suggests
that warming ocean waters are now thinning
some West Antarctic ice shelves by several
metres a year. The area of Greenland on which
summer melting of ice took place has increased
by more than 50 percent during the past 25 years.
Concern over the fate of Antarctic ice shelves has
been gathering since the enormous Larsen B ice
shelf collapsed in 2002. Several more ice shelves
have broken up rapidly in recent years.4¢

One of the reasons for uncertainty about
the future is that ice sheet disintegration, unlike
ice sheet formation, can happen very rapidly.
According to one of the world’s most prominent
climate scientists workingat the North American
Space Agency (NASA), a business-as-usual
scenario for ice sheet disintegration in the 21%
Century could yield sea level rises in the order of
5 metres this century. Note that this does not take
into accountaccelerated melting of the Greenland
ice sheet, the complete elimination of which
would add around 7 metres to sea levels.*” The
IPCC sets out what can be thought of as a lowest
common denominator consensus. However, its
assessment of the risks and uncertainties does not
include recent evidence of accelerated melting,
nor does it factor in the possibility of large-scale,
but imperfectly understood, carbon cycle effects.
The upshot is that the headline risk numbers may
err on the side of understatement.

The ‘known unknowns’ surrounding rising
sca levels are a particularly striking example
of threats facing the whole of humanity.
The one certainty is that current trends and past
evidence are a weak guide to the future. Climate

change could trigger a range of ‘surprises™
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Uncertain but significant
risks of catastrophic
outcomes are part of
the emerging climate

change scenario
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rapid, non-linear responses of the climate system
to human-induced forcing (box 1.1).

Climate scientists have drawn a distinction
between ‘imaginable surprises, which are currently
seen as possible but unlikely (deglaciation of polar
ice sheets or MOC reversals are examples) and ‘true
surprises’, or risks that have not been identified
because of the complexity of climate systems.*®
Feedback effects between climate change and the
carbon cycle, with changes in temperature giving
rise to unpredictable outcomes, are the source of
these potential surprises.

There is growing evidence that natural carbon
absorption will weaken as temperatures rise.
Modelling by the Hadley Centre suggests that
climate change feedback effects could reduce the
absorptive capacity consistent with stabilization
at 450 ppm by 500 Gt CO,, or 17 years of
global emissions at current levels.*’ The practical
consequence of carbon cycle feedback effects is
that emissions may need to peak at lower levels or
be cut more rapidly, especially at higher levels of
greenhouse gas concentrations.

The focus on potentially catastrophic out-
comes should not divert attention from the

more immediate risks. There is a large section

of humanity that would not have to await the
advanced disintegration of ice sheets to experi-
ence catastrophe under these conditions. Precise
numbers can be debated, but for the poorest 40
percent of the world’s population—around 2.6
billion people—we are on the brink of climate
change events that will jeopardize prospects for
human development. We will develop this point
further in chapter 2.

Risk and uncertainty as a case

for action

How should the world respond to the uncer-
tainties associated with climate change?
Some commentators argue for a ‘wait-and-se¢’
approach, with the mitigation effort to be scaled
up in light of developments. The fact that the
IPCC’s assessment and wider climate science
point to uncertain risks with low probabilities of
global catastrophe in the medium term is cited as
grounds for delayed action.

Such responses fail a number of public
policy tests for the development of climate
change mitigation strategies. Consider first the
response to the range of possibilities identi-
fied by climate science. These ranges are not a
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There are many positive feedback effects that could transform climate
change scenarios for the 215t Century. High levels of uncertainty about
positive feedback effects are reflected in IPCC scenario projections.

Multiple feedbacks have been observed in ice sheet disintegra-
tion. One example is the ‘albedo flip’—a process that occurs when
snow and ice begin to melt. Snow-covered ice reflects back to
space most of the sunlight that strikes it. When surface ice melts,
darker wet ice absorbs more solar energy. The meltwater produced
burrows through the ice sheet, lubricating its base, and speeding
the discharge of icebergs into the ocean. As an ice sheet discharges
more icebergs into the ocean, it loses mass and its surface sinks
to a lower altitude, where the temperature is warmer, causing it to
melt even faster. Meanwhile, warming oceans add yet another posi-
tive feedback to this process, melting the offshore accumulation
of ice—ice shelves—that often form a barrier between ice sheets
and the ocean.

The accelerated melting of permafrost in Siberia with global warm-
ing is another concern. This could release vast amounts of methane—
a highly potent greenhouse gas—into the atmosphere, which would
increase warming and the rate at which permafrost melts.

The interaction between climate change and the carbon sink
capacity of rainforests provides another example of positive
feedback uncertainties. Rainforests can be thought of as vast
‘carbon banks’. Trees in the Amazon region of Brazil alone store
49 billion tonnes of carbon. Another 6 billion tonnes is stored in
Indonesia’s forests. As global temperatures rise, changing climate
patterns could generate processes that will lead to the release of
large amounts of carbon from these reservoirs.

Rainforests are already contracting at an alarming rate
in the face of commercial pressures, illegal logging and other
activities. Under a business-as-usual scenario, climate models
forecast temperatures in most of the Amazon region rising
by 4-6°C by 2100. This could convert up to 30 percent of
the Amazon rain forest into a type of dry savannah, according
to research carried out under the auspices of Brazil’s National
Space Research Institute. Such an outcome would in turn drive
up net global emissions of CO,. Because rainforests recycle
at least half of rainfall back into the atmosphere, accelerated
deforestation would also increase drought and fuel the spread of
savannah areas.

Source: FAO 2007b; Hansen 2007a, 2007b; Houghton 2005; Nobre 2007; Volpi 2007.
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justification for inaction. They are an invitation
to assess the nature of identified risks and to
develop strategies for risk mitigation. As a group
of eminent United States military leaders has
argued, no commander in the field would look
at risks comparable to those posed by climate
change and decide not to act because of uncer-
tainty: “We cannot wait for certainty. Failing
to act because a warning is not precise enough
is not acceptable.” >°

The nature of the risks associated with
climate change uncertainties reinforces that
assessment on three counts. First, these are
risks that threaten the whole of future genera-
tions of humanity with catastrophic outcomes.
The sea level rises that would accompany the
collapse of the ice sheets on Greenland and
the West Antarctic would overwhelm the
flood defences of even the richest countries,
submerging large areas of Florida and much
of the Netherlands, as well as inundating the
Ganges Delta, Lagos and Shanghai. Second,
the outcomes associated with the risks are
irreversible: the West Antarctic ice sheet
cannot be restored by future generations.
Third, uncertainty cuts both ways: there is as
much chance of outcomes being more malign
as there is of them being more benign.

In a one-country world inhabited by citi-
zens who shared a concern for the well-being of
future generations, climate change mitigation
would be an urgent priority. It would be viewed
as an insurance policy against catastrophic risk
and as an imperative rooted in considerations
of cross—generational equity. Uncertainty in
this one-country world would be viewed not as

in an unequal world

For global carbon accounting purposes
the world is a single country. The Earth’s
atmosphere is a common resource without
borders. Emissions of greenhouse gases mix
freely in the atmosphere over time and space.
It makes no difference for climate change

grounds for inaction but as evidence of the case
for acting with resolve to reduce the risks.

In a world of many countries at vastly
different levels of development there is a
complementary case for urgent action. That case
is first of all rooted in considerations of social
justice, human rights and ethical concern for
the world’s poorest and most vulnerable people.
Millions of these people are already dealing
with the early impacts of climate change. These
impacts are already slowing human progress
and all plausible scenarios point to more of the
same, and worse. Because mitigation will have a
limited influence on climate change for several
decades, investment in adaptation should be
seen as part of the insurance policy for the
world’s poor.

Both mitigation and adaptation should be
seen as human security imperatives in a broader
sense. Dangerous climate change, and the
ecological damage that will follow in its wake,
threatens to cause massive human displacement
and the collapse of livelihoods on a vast scale.
The ripple effects would extend far beyond the
localities of those most immediately affected.
Associated outcomes will extend from the
movement of displaced people across national
borders to the potential collapse of fragile states.
In an interdependent world, no country would
be immune to the consequences. Of course,
many rich countries might seek to protect their
citizens against climate insecurity through
investment in flood defences and other actions.
However, the anger and resentment that would
be felt by those most immediately affected
would create wider insecurities.

1.3 From global to local—measuring carbon footprints
a

whether the marginal tonne of CO, comes
from a coal-fired power plant, from a car,
or from a loss of carbon sinks in tropical
rainforests. Similarly, when greenhouse gases
enter the Earth’s atmosphere they are not
segmented by country of origin: a tonne of
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- Greenhouse gas emissions are dominated by energy and land-use changes

Distribution of current emissions by sector,

2000 (Gt CO,e)
Waste o=
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Industrial processes -

14  TTTTTmeeeea

Source: WRI 2007a.

CO, from Mozambique is the same weight as
a tonne of CO, from the United States.
While each tonne of carbon dioxide carries
equal weight, the global account masks large
variations in contributions to overall emissions
from different sources. All activities, all
countries and all people register in the global
carbon account—but some register far more
heavily than others. In this section we look at
the carbon footprint left by emissions of CO,.
Differences in the depth of carbon footprints
can help to identify important issues of equity
and distribution in approaches to mitigation

and adaptation.

- Rich countries dominate the cumulative emissions account

Share of global CO, emissions, 1840-2004 (%)
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United Russian China France India  Canada  Poland
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States Federation @ i

Japan
Kingdom

a. Includes a share of USSR emissions proportional to the Russian Federation’s current share of CIS emissions.
Source: CDIAC 2007.

HUMAN DEVELOPMENT REPORT 2007/2008

% of energy-related emissions
- —— Fugitive emissions

—— Other fuel combustion

—— Transportation

—— Manufacturing and construction

— Electricity and heat

National and regional footprints—
the limits to convergence

Most human activities—fossil fuel
combustion for power generation, transport,
land-use changes and industrial processes—
generate emissions of greenhouse gases. That
is one of the reasons why mitigation poses such
daunting challenges.

The breakdown of the distribution of
greenhouse gas emissions underlines the scope
of the problem (figure 1.3). In 2000, just over
half of all emissions came from the burning
of fossil fuels. Power generation accounted for
around 10 Gt CO,e, or around one-quarter of
the total. Transport is the second largest source
of energy-related CO, e emissions. Over the past
three decades, energy supply and transport have
increased their greenhouse gas emissions by
145 and 120 percent respectively. The critical
role of the power sector in global emissions is
not fully captured by its current share. Power
generation is dominated by capital-intensive
infrastructural investments. Those investments
create assets that have a long lifetime: power
plantsopeningtodaywillstillbe emitting CO, in
50 years time.

Land-use change also plays an important
role. Deforestation is by far the largest source
of CO, emissions in this context, releasing
sequestered carbon into the atmosphere as a



result of burningand loss of biomass. Datain this
area are more uncertain than for other sectors.
However, best estimates suggest that around 6
Gt CO, are released annually>! According to
the IPCC, the share of CO, originating from
deforestation ranges between 11 and 28 percent
of total emissions.>

One of the conclusions to emerge from
the sectoral analysis of carbon footprints
is that mitigation aimed at reducing CO,
emissions from power generation, transport and
deforestation is likely to generate high returns.

National carbon footprints can be
measured in terms of stocks and flows.
National footprint depth is closely related
to historic and current energy use patterns.
While the aggregate footprint of the
developing world is becoming deeper, historic
responsibility for emissions rests heavily with
the developed world.

Rich countries dominate the overall
emissions account (figure 1.4). Collectively,
they account for about 7 out of every 10 tonnes
of CO, that have been emitted since the start
of the industrial era. Historic emissions
amount to around 1,100 tonnes of CO, per
capita for Britain and America, compared
with 66 tonnes per capita for China and 23
tonnes per capita for India.>® These historic
emissions matter on two counts. First, as
noted earlier, cumulative past emissions
drive today’s climate change. Second, the
envelope for absorbing future emissions is a
residual function of past emissions. In effect,
the ecological ‘space’ available for future
emissions is determined by past action.

Turning from stocks to flows produces a
different picture. One striking feature of that
picture is that emissions are highly concen-
trated in a small group of countries (figure
1.5). The United States is the largest emitter,
accounting for around one-fifth of the total.
Collectively, the top five—China, India,
Japan, the Russian Federation and the United
States —account for more than half; the top
ten for over 60 percent. While climate change
is a global problem, national and multilateral
action involving a relatively small group of
countries or groupings—such as the G8, the

European Union (EU), China and India—
would encompass a large share of the total
flow of emissions.

Much has been made of the convergence in
emissions between developed and developing

Share of global
CO0, emissions, 2004 (%)
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- Global CO; em ns are highly concentrated
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countries. Atonelevel, the process of convergence
is real. Developing countries account for a
rising share of global emissions. In 2004, they
accounted for 42 percent of energy-related CO,
emissions, compared to around 20 percent in
1990 (appendix table). China may be about to
overtake the United States as the world’s largest
emitter and India is now the world’s fourth
largest emitter. By 2030 developing countries
are projected to account for just over half of
total emissions.>*

Factoring in deforestation reconfigures
the global CO, emissions league table. If
the world’s rainforests were a country, that
country would stand at the top of the world’s
league table for CO, emissions. Taking into
account just emissions from deforestation,
Indonesia, would rank as the third largest
source of annual CO, emissions (2.3 Gt CO,)
with Brazil ranking fifth (1.1 Gt CO,).>® There
are large interannual variations in emissions,
making it difficult to compare countries.
In 1998, when El Nifo events triggered severe
droughts in South-cast Asia, an estimated

Mapping the global variation in CO, emissions

European Union
4.0 Gt CO,

North Africa

(A 0.5 Gt CO
!"*‘ z
¢ +* Sub-Saharan Africa

0.8-2.5 billion tonnes of carbon were released
to theatmosphere through fires in peat forests.>¢
In Indonesia, land-use change and forestry
are estimated to release about 2.5 Gt CO,e
annually—around six times the emissions
from energy and agriculture combined.’” For
Brazil, emissions linked to land use changes
account for 70 percent of the national total.

Convergence in aggregate emissions is
sometimes cited as evidence that develop-
ing countries as a group need to embark on
rapid mitigation. That assessment overlooks
some important considerations. Developing
country participation will be required if global
mitigation is to succeed. However, the extent of
convergence has been heavily overstated.

With just 15 percent of the world population,
rich countries account for 45 percent of CO,
emissions. Sub-Saharan Africa also accounts
for around 11 percent of the world population,
but represents 2 percent of global emissions.
Low income countries as a group account for
one-third of the world’s population but for just

7 percent of emissions.

Russian Federation
1.5 Gt CO,

China

Japan
1.3 Gt CO,

Vo
India
1.36tCO, \"
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Energy-related CO, emissions, 2004 (Gt CO,)

s

Each country’s size is relative to its annual CO, emissions

The size of this square equals 1 Gt CO, World total 24

29.0 Gt CO,

Note: The boundaries and names shown and the designations used on this map do not imply offical endorsement or acceptance by the United Nations. Dotted lines represent approximately the Line of Control in
Jammu and Kashmir agreed upon by India and Pakistan. The final status of Jammu and Kashmir has not yet been agreed upon by the parties.

Source: Mapping Worlds 2007, based on data from CDIAC.
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Inequalities in carbon
footprinting—some people walk
more lightly than others

Differences in the depth of carbon footprints are
linked to the history of industrial development.
But, they also reflect the large ‘carbon debt’
accumulated by rich countries—a debt rooted
in the over-exploitation of the Earth’s atmo-
sphere. People in the rich world are increasingly
concerned about emissions of greenhouse gases
from developing countries. They tend to be less
aware of their own place in the global distribu-
tion of CO, emissions (map 1.1). Consider the
following examples:

o The United Kingdom (population 60
million) emits more CO, than Egypt,
Nigeria, Pakistan, and Viet Nam combined
(total population 472 million).

o The Netherlands emits more CO, than
Bolivia, Colombia, Peru, Uruguay and
the seven countries of Central America
combined.

o 'The state of Texas (population 23 million)
in the United States registers CO, emissions
of around 700 Mt CO, or 12 percent of the
United States’ total emissions. That figure
is greater than the total CO, footprint left
by sub-Saharan Africa—a region of 720
million people.

o The state of New South Wales in Australia
(population 6.9 million) has a carbon
footprint of 116 Mt CO,. This figure is
comparable to the combined total for
Bangladesh, Cambodia, Ethiopia, Kenya,
Morocco, Nepal and Sri Lanka.

o The 19 million people living in New York
State have a higher carbon footprint than the
146 Mt CO, left by the 766 million people
living in the 50 least developed countries.

Extreme inequalities in national carbon footprints

reflect disparities in per capita emissions. Adjusting

CO, emission accounts to factorin these disparities

demonstrates the very marked limits to carbon

convergence (figure 1.6).

Carbon footprint convergence has been

a limited and partial process that has started

from different emission levels. While China

may be about to overtake the United States as

the world’s largest emitter of CO,, per capita
emissions are just one-fifth of the size. Emis-
sions from India are on a rising trend. Even
so, its per capita carbon footprint is less than
one-tenth of that in high-income countries. In
Ethiopia, the average per capita carbon foot-
print is 0.1 tonnes, compared with 20 tonnes
in Canada. The per capita increase in emissions
since 1990 for the United States (1.6 tonnes)
is higher than the total per capita emissions
for India in 2004 (1.2 tonnes). The overall
increase in emissions from the United States
exceeds sub-Saharan Africa’s total emissions.
The per capita increase for Canada since 1990
(5 tonnes) is higher than per capita emissions
for China in 2004 (3.8 tonnes).

The distribution of current emissions
points to an inverse relationship between
climate change risk and responsibility. The
world’s poorest people walk the Earth with
a very light carbon footprint. We estimate
the carbon footprint of the poorest 1 billion
people on the planet at around 3 percent of
the world’s total footprint. Living in vulner-
able rural areas and urban slums, the poorest
billion people are highly exposed to climate
change threats for which they carry negligible
responsibility.

The global energy divide

Inequalities in aggregate and per capita carbon
footprints are intimately related to wider
inequalities. They mirror the relationship between
economic growth, industrial development
and access to modern energy services. That
relationship draws attention to an important
human development concern. Climate change
and the curtailment of excessive fossil fuel use
may be the greatest challenge of the 21° Century,
but an equally urgent and more immediate
challenge is the expanded provision of affordable
energy services to the world’s poor.

Living without electricity affects many
dimensions of human development. Energy
services play a critical role not just in supporting
economic growth and generating employment,
but also in enhancing the quality of people’s
lives. Around 1.6 billion people in the world
lack access to such services (figure 1.7). Most

Rich countries—

CO0; emissions
(t CO, per capita)

2004 ®
1990 O

United States
20.6
19.3

Canada
20.0
15.0

Russian
Federation
10.6

13.4 (1992)

(L 1

United Kingdom
9.8
10.0

France
6.0
6.4

China
3.8
21

Egypt 2.3 1.5

Brazil 1.8 1.4

VietNam 1.2 0.3

India 1.2 0.8

Nigeria 0.9 0.5
Bangladesh 0.3 0.1

Tanzania 0.1 0.1

Ethiopia 0.1 0.1

Source: CDIAC 2007.
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dependence

continues in
many countries

Traditional fuel consumption
(% of total energy requirements)

o
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Source: Calculated on the basis of data on
traditional fuel consumption and total
energy requirement from UN 2007c.

People without access to electricity (millions, 2004)

Living without electricity

Others
101

Total: 1.6 billion

East Asia
224

South Asia
706

Sub-Saharan Africa

Source: IEA 2006¢.

live in sub-Saharan Africa,>® where only around
one-quarter of people use modern energy
services, and South Asia.

The vast global deficit in access to basic
energy services has to be considered alongside
concerns over the rise in CO, emissions from
developing countries. Emissions of CO, from
India may have become a matter of global
concern for climate security. That perspective
is very partial. The number of people in India
living without access to modern electricity
is around 500 million—more than the total
population of the enlarged European Union.
These are people who live without so much as a
light bulb in their homes and rely on firewood
or animal dung for cooking.’® While access to
energy is increasing across the developing world,
progress remains slow and uneven, holding back
advancesin poverty reduction. Worldwide, there
will still be 1.4 billion people without access to

modern energy services in 2030 if current trends
continue (box 1.2).%° Currently some 2.5 billion
people depend on biomass (figure 1.8).

Changing this picture is vital for human
development. The challenge is to expand
access to basic energy services while limiting
increases in the depth of the developing
world’s per capita carbon footprint. Enhanced
efficiency in energy use and the development of
low-carbon technologies hold the keys, as we
show in chapter 3.

There are overwhelming practical and
equitable grounds for an approach that
reflects past responsibility and current
capabilities. Mitigation responsibilities
and capabilities cannot be derived from the
arithmetic of carbon footprinting. Even so,
that arithmetic does provide some obvious
insights. For example, if everything else were
equal, a cut of 50 percent in CO, emissions
for South Asia and sub-Saharan Africa would
reduce global emissions by 4 percent. Similar
reductions in high-income countries would
reduce emissions by 20 percent. The equity
arguments are equally compelling. An average
air-conditioning unit in Florida emits more
CO, in a year than a person in Afghanistan
or Cambodia during their lifetime. And
an average dishwasher in Europe emits as
much CO, in a year as three Ethiopians.
While climate change mitigation is a global
challenge, the starting place for mitigation
is with the countries that carry the bulk of
historic responsibility and the people that
leave the deepest footprints.

1.4 Avoiding dangerous climate change—a sustainable

emissions pathway

Climate change is a global problem that
demandsan international solution. The starting
point must be an international agreement on
the limitation of greenhouse gas emissions.
Strategies for limitation have to be developed
at a national level. What is required at the
international level is a framework that sets
limits on overall emissions. That framework
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has to chart an emissions pathway consistent
with the objective of avoiding dangerous
climate change.

In this section we set out such a pathway.
We start by identifying a global carbon budget
for the 21 Century. The concept of a carbon
budget is not new. It was developed by the archi-
tects of the Kyoto Protocol and has been taken



“Our day starts before five in the morning as we need to collect
water, prepare breakfast for the family and get our children ready
for school. At around eight, we start collecting wood. The journey is
several kilometres long. When we cannot get wood we use animal
dung for cooking—but it is bad for the eyes and for the children.”
Elisabeth Faye, farmer, aged 32, Mbour, Senegal

In most rich countries access to electricity is taken for granted.
At the flick of a switch the lights come on, water is heated and food
is cooked. Employment and prosperity are supported by the energy
systems that sustain modern industry, drive computers and power
transport networks.

For people like Elisabeth Faye access to energy has a very
different meaning. Collecting wood for fuel is an arduous and time-
consuming activity. It takes 2-3 hours a day. When she is unable
to collect wood, she has no choice but to use animal dung for
cooking—a serious health hazard.

In developing countries there are some 2.5 billion people like
Elisabeth Faye who are forced to rely on biomass—fuelwood,
charcoal and animal dung—to meet their energy needs for
cooking (figure 1.8). In sub-Saharan Africa, over 80 percent of the
population depends on traditional biomass for cooking, as do over
half of the populations of India and China.

Unequal access to modern energy is closely correlated
with wider inequalities in opportunities for human development.
Countries with low levels of access to modern energy systems figure
prominently in the low human development group. Within countries,
inequalities in access to modern energy services between rich and
poor and urban and rural areas interact with wider inequalities in
opportunity.

Poor people and poor countries pay a high price for deficits in
modern energy provision:

e Health. Indoor air pollution resulting from the use of solid fuels
is a major killer. It claims the lives of 1.5 million people each
year, more than half of them below the age of five: that is 4000
deaths a day. To put this number in context, it exceeds total
deaths from malaria and rivals the number of deaths from
tuberculosis. Most of the victims are women, children and the
rural poor. Indoor air pollution is also one of the main causes
of lower respiratory tract infections and pneumonia in children.
In Uganda, children under the age of five are reported to suffer
1-3 episodes of acute respiratory tract infection annually.
In India, where three in every four households in rural areas

depend on firewood and dung for cooking and heat, pollution
from unprocessed biofuels accounts for some 17 percent of
child deaths. Electrification is often associated with wider
advances in health status. For example, in Bangladesh, rural
electrification is estimated to increase income by 11 percent—
and to avert 25 child deaths for every 1000 households
connected.

e Gender. Women and young girls have to allocate large amounts
of time to the collection of firewood, compounding gender
inequalities in livelihood opportunities and education. Collecting
fuelwood and animal dung is a time-consuming and exhausting
task, with average loads often in excess of 20kg. Research
in rural Tanzania has found that women in some areas walk
5-10 kilometres a day collecting and carrying firewood, with
loads averaging 20kg to 38kg. In rural India, average collection
times can amount to over 3 hours a day. Beyond the immediate
burden on time and body, fuelwood collection often results in
young girls being kept out of school.

e Economic costs. Poor households often spend a large share
of their income on fuelwood or charcoal. In Guatemala and
Nepal, wood expenditure represents 10-15 percent of total
household expenditure in the poorest quintile. Collection
time for fuelwood has significant opportunity costs, limiting
opportunities for women to engage in income generating
activities. More broadly, inadequate access to modern energy
services restricts productivity and helps keep people poor.

e Environment. Deficits in access to modern energy can create a
vicious circle of environmental, economic and social reversal.
Unsustainable production of charcoal in response to rising urban
demand has placed a huge strain on areas surrounding major
cities such as Luanda in Angola and Addis Ababa in Ethiopia.
In some cases, charcoal production and wood collection has
contributed to local deforestation. As resources shrink, dung
and residues are diverted to fuel use instead of being ploughed
back into fields, undermining soil productivity.

Expanded access to affordable electricity for the poor remains
an overarching development priority. Current projections show that
the number of people relying on biomass will increase over the
next decade and beyond, especially in sub-Saharan Africa. This
will compromise progress towards several MDGs, including those
relating to child and maternal survival, education, poverty reduction
and environmental sustainability.

Source: |[EA 2006c; Kelkar and Bhadwal 2007; Modi et al. 2005; Seck 2007b; WHO 2006; World Bank 2007b.

up by some governments (chapter 3). In effect,
the carbon budget is akin to a financial budget.
Just as financial budgets have to balance spend-
ing against resources, so carbon budgets have
to balance greenhouse gas emissions against
ecological capacity. However, carbon budgets
have to operate over a very long time-horizon.

Because the emissions that drive the accumula-
tion of greenhouse gas stocks are cumulative
and long-lived, we have to set an expenditure
framework that spans decades rather than
years.

There are further parallels between finan-
cial budgeting and carbon budgeting. When

HUMAN DEVELOPMENT REPORT 2007/2008

abusjieyo aaewjo AUNuay 5|2 8yl - I

45



J

=

The 215t Century climate challenge

Our carbon budget has

a single goal: keeping
average global temperature
increases (over preindustrial

levels) below 2°C
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houscholds or governments set budgets they
target a range of objectives. Households have to
avoid unsustainable spending patterns or face
the prospect of debt. Government budgets are
geared towards a range of public policy goals
in arcas such as employment, inflation and
economic growth. If public spending exceeds
revenues by large margins, the consequences
are reflected in large fiscal deficits, inflation and
the accumulation of debt. Ultimately, budgets
are about living within the bounds of financial
sustainability.

Carbon budgeting for
a fragile planet

Carbon budgets define the bounds of eco-
logical sustainability. Our carbon budget has a
single goal: keeping average global temperature
increases (over preindustrial levels) below 2°C.
The rationale for this goal is, as we have scen,
rooted in climate science and human develop-
ment imperatives. Climate science identifies
2°C as a potential ‘tipping point’ for long-run
catastrophic outcomes. More immediately, it
represents a ‘tipping point’ for large scale human
development reversals during the 21° Century.
Remaining within the 2°C threshold should
be seen as a reasonable and prudent long term
objective for avoiding dangerous climate change.
Many governments have adopted that objective.
Sustainable carbon budget management should
be seen as a means to that end.

What is the upper limit on greenhouse gas
emissions for a world committed to avoiding dan-
gerous climate change? We address that question
by using simulations carried out at the Potsdam
Institute for Climate Impact Research (PIK).

Stabilization of greenhouse gas stocks
requires a balance between current emissions
and absorption. A specific stabilization target
can be achieved through a number of possible
emission trajectories. In broad terms, emissions
can peak carly and decline gradually, or they
can peak later and decline more rapidly. If the
aim is to avoid dangerous climate change, the
starting point is to identify a stabilization target
consistent with the world staying within the
2°C dangerous climate change threshold.

HUMAN DEVELOPMENT REPORT 2007/2008

Keeping within 2°C—the “fifty—fifty’
point

In our simulation we set the bar at the lowest
reasonable level. That is, we identify the level
of greenhouse gas stocks consistent with an
approximately even chance of avoiding dan-
gerous climate change. This level is around
450 ppm CO,e. It might be argued that this
is insufficiently ambitious: most people would
not stake their future well-being on the toss of
a coin. However, stabilizing at 450 ppm CO,e
will entail a sustained global effort.

Setting the bar above our target would
lengthen the odds on avoiding dangerous
climate change. At greenhouse gas stock levels of
550 ppm CO,e the likelihood of overshooting
the dangerous climate change threshold of
2°C increases to around 80 percent (figure
1.9). Opting for a 550 ppm CO, e target would
be taking a gamble at very long odds on the
future of the planet and 21" Century human
development prospects. In fact, there would be
a one-in-three chance of overshooting 3°C.

The risk of dangerous climate
change rises with greenhouse

gas stocks

Probability of exceeding a 2°C temperature increase (%)

100 = Very

likely

Likely

Medium
likelihood

Unlikely

Very
unlikely

350 400 450 500 550 600 650 700 750

C0,e stabilization level (ppm)

Note: Data refer to the highest, lowest and midpoint estimate
resulting from several different climate models. For details see
Meinshausen 2007.

Source: Meinshausen 2007.



The emerging consensus that climate change
must be limited to a 2°C ceiling sets an ambi-
tious but achievable goal. Realising that goal
will require concerted strategies to limit the
accumulation of greenhouse gas stocks to 450
ppm. While there is uncertainty at the margin,
this remains the most plausible best-estimate
for a sustainable carbon budget.

If the world were a single country, it would
be implementing a recklessly extravagant and
unsustainable carbon budget. If that budget
were a financial budget the government of
that country would be running a large fiscal
deficit, exposing its citizens to hyperinflation
and unsustainable debt. The lack of prudence
in carbon budgeting can best be described by
looking across the whole century.

We use the PIK simulations to address
this task. Our approach focuses on fossil
tuel-related CO, emissions because these
are of the most direct relevance to policy
debates on climate change mitigation. It
identifies a level of emissions consistent with
avoiding dangerous climate change. Briefly
summarized, the 21 Century budgetamounts
to 1,456 Gt CO,, or around 14.5 Gt CO,
on a simple annual average basis.®! Current
emissions are running at twice this level. Put
in financial budget terms, expenditure is
outstripping income by a factor of two.

The bad news is that things are worse than
they look because emissions are rising with
population growth and economic growth.
Using IPCC scenarios, the 21°* Century budget
consistent with avoiding dangerous climate
change could expire as early as 2032, or in 2042

under more benign assumptions (figure 1.10).

Scenarios for climate security—
time is running out

These projections tell an important story in two
parts. The first part relates to basic budget manage-
ment. As a global community, we are failing the
most basic tests of sound budget practice. In effect,
we are spending our monthly pay cheque in 10
days. Today’s energy use and emission patterns are
running down the Earth’s ecological assets, and

running up unsustainable ecological debts. Those

debts will be inherited by future generations, who
will have to compensate at great human and finan-
cial cost for our actions and also face the threats
posed by dangerous climate change.

The second part of the budget story is equally
stark. It is that time is running out. The fact that
the carbon budget is set to expire between 2032
and 2042 does not mean we have two or three
decades to act. Once the critical threshold has
been reached, there is no way back to a more
secure climate option. Moreover, emissions
pathways cannot be changed overnight. They
require extensive reforms in energy policies and

behaviour implemented over several years.

How many planets?

On the eve of India’s independence, Mahatma
Gandhi was asked whether he thought the
country could follow the British model of
industrial development. His response retains
a powerful resonance in a world that has to
redefine its relation to the earth’s ecology: “It
took Britain half the resources of this planet to

- The 215t Century carbon budget is set for early expiry

Cumulative total C0, emissions (Gt CO,)

7,000
1 IPCC scenario A1FI

I
|

2 IPCC scenario A2 i

6,000 3 IPCC scenario A1B I
4 IPCC scenario B2 |

5 IPCC scenario A1T :

5,000 6 IPCC scenario B1 I
7 Sustainable emissions 1

pathway 1
I

I

I

I

I

I

I

I

4,000
3,000
Carbon budget to avoid
dangerous climate change
2,000
1,456
1,000

2000 2032 2042

2100

Note: IPCC scenarios describe plausible future patterns of population growth, economic growth, technological

change and associated CO, emissions. The A1 scenarios assume rapid economic and population growth

combined with reliance on fossil fuels (A1Fl), non-fossil energy (A1T) or a combination (A1B). The A2 scenario

assumes lower economic growth, less globalization and continued high population growth. The B1 and B2
scenarios contain some mitigation of emissions, through increased resource efficiency and technology

improvement (B1)and through more localized solutions (B2).

Source: Meinshausen 2007.
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achieve its prosperity. How many planets will
India require for development?”

We ask the same question for a world edging
towards the brink of dangerous climate change.
Using the annual ceiling of 14.5 Gt CO,, if
emissions were frozen at the current level of 29
Gt CO, we would need two planets. However,
some countries are running a less sustainable
account than others. With 15 percent of the
world population, rich countries are using 90
percent of the sustainable budget. How many
planets would we need if developing countries
were to follow the example of these countries?

If every person living in the developing
world had the same carbon footprint as the av-
erage for high income countries, global CO,
emissions would rise to 85 Gt CO,—a level
that would require six planets. With a global
per capita footprint at Australian levels, we
would need seven planets, rising to nine for a
world with Canada and United States levels of
per capita emissions (table 1.2).

The answer to Gandhi’s question raises some
wider questions about social justice in climate
change mitigation. As a global community,
we are running up a large and unsustainable
carbon debt, but the bulk of that debt has been

accumulated by the world’s richest countries.

Global carbon footprints at OECD levels

would require more than one planet

C0, emissions

Equivalent global CO, Equivalent number of

per capita (t CO,) emissions (Gt C0,) sustainable carbon
2004 2004 budgets ©

World ¢ 45 29 2
Australia 16.2 104 7
Canada 20.0 129 9
France 6.0 39 3
Germany 9.8 63 4
Italy 7.8 50 3
Japan 9.9 63 4
Netherlands 8.7 56 4
Spain 7.6 49 8]
United Kingdom 9.8 63 4
United States 20.6 132 9

a. As measured in sustainable carbon budgets.

b. Refers to global emissions if every country in the world emitted at the same per capita level as the specified country.

c. Based on a sustainable emissions pathway of 14.5 Gt CO, per year.

d. Current global carbon footprint.

Source: HDRO calculations based on Indicator Table 24.
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The challenge is to develop a global carbon
budget that charts an equitable and sustainable

course away from dangerous climate change.

Charting a course away from

dangerous climate change

We use the PIK model to identify plausible

pathways for keeping within the 2°C threshold.

One pathway treats the world as a single country,

which for carbon accounting purposes it is,

then identifies targets for rationing or ‘burden
sharing’. However, the viability of any system of
burden sharing depends on participants in the
system perceiving the distribution of rations
to be fair. The UNFCCC itself acknowledges
this through an injunction to “protect the
climate system...on the basis of equity and in
accordance with...common but differentiated
responsibilities and respective capabilities.”
While interpretation of that injunction is

a matter for negotiation, we have distinguished
between industrialized countries and develop-
ing countries, charting separate pathways for
the two groups. The results are summarized in
figure 1.11. The cuts from a 1990 base-year
on our sustainable emissions pathway arc as
follows:

o Theworld. Emissions for the world will have
to be reduced by around 50 percent by 2050,
with a peak around 2020. Emissions would
fall towards zero in net terms by the end of
the 21 Century.

o Developed countries. High-income coun-
tries would have to target an emissions peak
between 2012 and 2015, with 30 percent cuts
by 2020 and at least 80 percent cuts by 2050.

o Developing countries. While there would be
large variations, major emitters in the devel-
oping world would maintain a trajectory of
rising emissions to 2020, peakingat around
80 percent above current levels, with cuts of

20 percent against 1990 levels by 2050.

Contraction and convergence—
sustainability with equity

We emphasize that these are feasible pathways.
They are not specific proposals for individual
countries. Yet the pathways do serve an
important purpose. Governments are embarking



Halving emissions by 2050 could avoid dangerous climate change
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Note: IPCC scenarios describe plausible future patterns of population growth, economic growth, technological change and associated
€0, emissions. The A1 scenarios assume rapid economic and population growth combined with reliance on fossil fuels (A1Fl), non-fossil
energy (A1T) or a combination (A1B). The A2 scenario assumes lower economic growth, less globalization and continued high population
growth. The B1 and B2 scenarios contain some mitigation of emissions, through increased resource efficiency and technology

improvement (B1) and through more localized solutions (B2).

Source: Meinshausen 2007.

on negotiations for the multilateral framework
to succeed the current Kyoto Protocol following
the expiry of the current commitment period
in 2012. The PIK simulations identify the scale
of emission reductions that will be required
to put the world on a pathway that avoids
dangerous climate change. There are various
trajectories that could be adopted to achieve the
2050 targets. What our sustainable emissions
pathway does is to emphasize the importance of
linking near-term and long term goals.

The emissions pathways also serve to high-
light the importance of early and concerted
action. In theory starting points for carbon
emission reductions could be pushed back.

But the corollary would be far deeper cuts
required over a reduced time horizon. In our
view that would be a prescription for failure
because costs would rise and adjustments
would become even more difficult. Another
scenario could be drawn up in which some
major Organisation for Economic Co-opera-
tion and Development (OECD) countries do
not participate in quantitative carbon budget-
ing. Such an approach would all but guarantee
failure. Given the magnitude of emission
reductions required in the OECD countrics,
it is unlikely that participating countries
would be able to compensate for the non-
participation of major emitters. Even if they
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did, it is unlikely that they would embrace an
agreement that allowed ‘free riding.

Participation of the developing world in
quantitative reductions is equally vital. In some
respects, our ‘two-country model oversimplifies
the issues to be addressed in negotiations. The
developingworld is not homogenous: the United
Republic of Tanzania is not in the same position
as China, for example. Moreover, what matters
is the overall volume of emission reductions.
From a global carbon budget perspective,
deep reductions in sub-Saharan Africa carry
negligible weight relative to reductions in major
emitting countries.

However, with developing countries
accounting for nearly half of worldwide emis-
sions, their participation in any international
agreement is increasingly important. At the
same time, even high growth developing
countries have pressing human development
needs that must be taken into account. So too
must the very large ‘carbon debt’ that the rich
countries owe the world. Repayment of that
debt and recognition of human development
imperatives demand that rich countries cut
emissions more deeply and support low-carbon
transitions in the developing world.

We acknowledge that many other emissions’
pathways are possible. One school of thought

- Contracting and converging to a sustainable future

Emissions per capita for stabilization at 450 ppm CO,e (t CO, per capita)

Developed and transition countries ==
Developing countries
World e

2040 2050 2060 2070 2080 2090 2100

Note: IPCC scenarios describe plausible future patterns of population growth, economic growth, technological
change and associated CO, emissions. The A1 scenarios assume rapid economic and population growth
combined with reliance on fossil fuels (A1FI), non-fossil energy (A1T) or a combination (A1B). The A2 scenario
assumes lower economic growth, less globalization and continued high population growth. The B1 and B2
scenarios contain some mitigation of emissions, through increased resource efficiency and technology
improvement (B1) and through more localized solutions (B2).

Source: Meinshausen 2007.

HUMAN DEVELOPMENT REPORT 2007/2008

argues that every person in the world ought to enjoy
an equivalent right to emit greenhouse gases, with
countries that exceed their quota compensating
those thatunderutilize their entitlement. Although
proposals in this framework are often couched in
terms of rights and equity, it is not clear that they
have a rights-based foundation: the presumed
‘right to emit’ is clearly something different than
the right to vote, the right to receive an education
or the right to enjoy basic civil liberties.®* At a
practical level, actempts to negotiate a ‘pollution
rights’ approach is unlikely to gain broad support.
Our pathway is rooted in a commitment to achieve
apractical goal: namely, the avoidance of dangerous
climate change. The route taken requires a process
of overall contraction in greenhouse gas flows and

convergence in per capita emissions (figure 1.12).

Urgent action and delayed
response—the case for adaptation
Deep and carly mitigation does not offer a short-
cut for avoiding dangerous climate change. Our
sustainable emissions pathway demonstrates the
importance of the time lag between mitigation
actions and outcomes. Figure 1.13 captures the
lag. It compares the degree of warming above
preindustrial levels associated with the IPCC’s
non-mitigation scenarios, with the anticipated
warming if the world stabilizes greenhouse gas
stocksat 450 ppm CO, e. Temperature divergence
begins between 2030 and 2040, becoming more
emphatically marked after 2050, by which time
all but one of the IPCC scenarios breach the 2°C
dangerous climate change threshold.

The timing of the temperature divergence
draws attention to two important public policy
issues. First, even the stringent mitigation
implied by our sustainable emissions pathway
will not make a difference to world temperature
trends until after 2030. Until then, the world
in general and the world’s poor in particular
will have to live with the consequences of past
emissions. Dealing with these consequences
while maintaining progress towards the MDGs
and building on that progress after 2015 is a
matter not for mitigation but for adaptation.
Second, the real benefits of mitigation will
build cumulatively across the second half of the
21* Century and beyond.



Stringent mitigation does not
deliver early results

Surface warming projections (°C)
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Note: IPCC scenarios describe plausible future patterns of
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and associated CO, emissions. The A1 scenarios assume rapid
economic and population growth combined with reliance on fossil
fuels (A1FI), non-fossil energy (A1T) or a combination (A1B).
The A2 scenario assumes lower economic growth, less
globalization and continued high population growth. The B1 and
B2 scenarios contain some mitigation of emissions, through
increased resource efficiency and technology improvement (B1)
and through more localized solutions (B2).

Source: IPCC 2007a and Meinshausen 2007.

One important implication is that the moti-
vation for urgent mitigation has to be informed
by a concern for future generations. The world’s
poor will face the most immediate adverse
impacts of temperature divergence. By the end
of the 21°° Century, with some of the IPCC
scenarios pointing to temperature increases of
4-6°C (and rising), humanity as a whole will
be facing potentially catastrophic threats.

The cost of a low-carbon
transition—is mitigation affordable?

Setting carbon budgets is an exercise that has
implications for financial budgets. While there
have been many studies looking at the cost of

achieving specific mitigation goals, our 2°C
threshold is a far more stringent target than
those assessed in most of these studies. While
our sustainable climate pathway may be desir-
able, is it affordable?

We address that question by drawing on
an approach that combines quantitative results
from a large number of models in order to
investigate the costs of achieving specified stabi-
lization outcomes.®> These models incorporate
dynamic interactions between technology and
investment, exploring a range of scenarios for
achieving specified mitigation targets.®* We
use them to identify global costs for achieving a
target of 450 ppm CO,e.

Emissions of CO, can be cut in several ways.
Increased energy efficiency, reduced demand
for carbon-intensive products, changes in the
energy mix—all have a role to play. Mitigation
costs will vary according to how reductions are
achieved and the time frame for achieving them.
They arise from financing the development
and deployment of new technologies and from
the cost to consumers of switching to lower-
emissions goods and services. In some cases,
major reductions can be achieved at low cost:
increased energy efficiency is an example.
In others initial costs can generate benefits over
the longer term. Deployment of a new generation
of efficient, low-emission coal-fired power
stations might fit in this category. Gradually
reducing the flow of greenhouse gases over time
is a lower-cost option than abrupt change.

Modelling work carried out for this Report
estimates the costs of stabilization at 450 ppm
CO,e under various scenarios. Expressed in
terms of headline dollars, the figures are very
large. However, the costs of action are spread
over many years. In a simple reference scenario,
averaging out these costs produces a figure
of around 1.6 percent of annual world GDP
between now and 2030.9

That is not an insigniﬁcant investment. It
would be wrong to underestimate the massive
effort required to stabilize CO, e emissions close
to 450 ppm. However, the costs have to be put
in perspective. As the Stern Review powerfully
reminded the world’s governments, they have
to be evaluated against the costs of inaction.
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Measured in economic

terms the case for
stringent mitigation makes

good business sense
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The 1.6 percent of global GDP required to achieve
the 450 ppm targets for CO, e represents less than
two-thirds of global military expenditures. In the
context of OECD countries, where government
expenditure typically represents 30 to 50 percent
of GDP, the stringent mitigation goals hardly
appear unaffordable, especially if expenditures
in other areas—such as military budget and
agricultural subsidies—can be reduced.

The human and ecological costs of dangerous
climate change cannot readily be captured in
simple cost—benefit analysis. However, measured
in economic terms the case for stringent mitiga-
tion makes good business sense. Over the long
term the costs of inaction will be larger than the
costs of mitigation. Estimating the costs of climate
change impacts is intrinsically difficult. With
warming of 5-6°C economic models that include
the risk of abrupt and large-scale climate change
point to losses of 5 to 10 percent of global GDP.
Poor countries could suffer losses in excess of 10
percent.®® Catastrophic climate change impacts
could push the losses above this level. Reducing
the risk of catastrophic outcomes is one of the
most powerful arguments for carly investment in
mitigation to achieve the 450 ppm target.

It has to be emphasized that there are large
margins of uncertainty in any assessment of
mitigation costs. Most obviously, the cost struc-
tures for future low-carbon technologies, the
timing of their introduction, and other factors
are unknown. Higher costs than those indicated

above are perfectly plausible—and political
leaders need to communicate the uncertainties
of financing for a 2°C climate change threshold.
At the same time, it is also possible that costs
could be lower. International emissions trading
and the integration of carbon taxation into wider
environmental tax reforms have the potential to
drive down mitigation costs.®”

All governments have to assess the financial
implications of achieving climate change miti-
gation targets. Multilateral climate protection
architecture will be left on an insecure founda-
tion if it is not rooted in financial commitments.
The 1.6 percent of average global GDP required
for stringent mitigation implies a claim on
scarce resources. But the alternatives are not
cost-free. Political debate on financing must
also address the question of whether dangerous
climate change is an affordable option.

That question goes to the heart of the twin
case for urgent action set out in this chapter. Given
the momentous nature of the catastrophic ecologi-
cal risks that will accompany dangerous climate
change, 1.6 percent of global GDP might be seen
as a small price to pay on an insurance policy to
protect the well-being of future generations. Given
that the same investment has the potential to
prevent large-scale and very immediate reversals
in human development for millions of the more
vulnerable people across the world, the cross-
generational and the cross-country social justice

imperatives are mutually reinforcing,

1.5 Business-as-usual—pathways to an unsustainable

climate future

Trend is not destiny and past performance can be
aweak guide to future outcomes. In the case of cli-
mate change that is unequivocally a good thing. If
the next 20 years look like the past 20 the battle
against dangerous climate change will be lost.

Looking back—the world since 1990

Experience under the Kyoto Protocol provides
some important lessons for the development

52 HUMAN DEVELOPMENT REPORT 2007/2008

of a 21** Century carbon budget. The Protocol
provides a multilateral framework that
sets limits on greenhouse gas emissions.
Negotiated under the auspices of the
UNFCCC, it took 5 years to reach an
agreement—and another 8 years before that
agreement was ratified by enough countries to
become operational.®® The headline target for
greenhouse gas emissions cuts was 5 percent

from 1990 levels.



Measured in terms of aggregate global emis-
sions the Kyoto protocol did not set particularly
ambitious targets. Moreover, quantitative ceil-
ings were not applied to developing countries.
The decisions of Australia and the United
States not to ratify the protocol further limited
the size of the intended cuts. The implication
of these exceptions can be illustrated by refer-
ence to energy-related CO, emissions. From
the 1990 base year the commitment made
under the Kyoto protocol translates into a
2.5 percent reduction of energy-related CO,
emissions in real terms by the 2010/2012
target date.®?

Delivery against the targets has been
disappointing so far. In 2004, overall
greenhouse emissions for Annex I coun-
tries were 3 percent below 1990 levels.”
However, the headline figure masks two
major problems. First, since 1999 overall
emissions have been on a rising trend, rais-
ing questions about whether the overall
target will be achieved. Second, there are
large variations in country performance
(figure 1.14). Much of the overall decline can
betracedtodeepreductionsinemissionsin the
Russian Federation and other transition
economies—in some cases in excess of 30
percent. This outcome owes less to energy
policy reform than to the effects of deep
economic recession in the 1990s. Emissions
are now rising with economic recovery.
As a group, non-transition Annex I par-
ties—broadly the OECD—have increased
emissions by 11 percent from 1990 to 2004
(box 1.3).

Looking ahead—Ilocked on
a rising trajectory

Looking back, trends since the 1990
reference-point for the Kyoto Protocol
are cause for concern. Looking ahead, the
scenarios for future energy use and emissions
point unmistakably towards a dangerous
climate future, unless the world changes
course.

Changing course will require a shift
in energy use patterns as far-reaching as the

energy revolution that shaped the industrial
revolution. Even without climate change,
the future of fossil-fuel energy systems
would be the subject of intense debate.
Energy security—broadly defined as access to
reliable and affordable supplies—is an increasingly
prominent theme on the international agenda.
Since 2000, oil prices have increased by a
factor of five in real terms, to around US$70

Some developed countries

far short of Kyoto
commitments and targets

—* Kyoto 2008-2012 greenhouse gas
emissions target (% of 1990 emissions)

=== Greenhouse gas emissions,
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a. Excludes emissions from land use changes. b. Australia
and the United States have signed but not ratified the Kyoto
Protocol and so are not bound by its targets.

Source: EEA 2006 and UNFCCC 2006.

Looking ahead, the
scenarios for future energy
use and emissions point
unmistakably towards

a dangerous climate
future, unless the world

changes course
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The Kyoto Protocol was a first step in the multilateral response
to climate change. It set targets for cutting greenhouse gas
emissions against 1990 levels by 2010-2012. With governments
embarking on negotiations for the post-2012 multilateral
framework that will build on the current commitment period, it is
important that lessons are learned.

There are three particularly important lessons. The first is
that the level of ambition matters. Targets adopted under the first
commitment period were modest, averaging around 5 percent
for developed countries. The second lesson is that binding
targets matter. Most countries are off track for delivering on
their Kyoto commitments. The third lesson is that the multilateral
framework has to cover all major emitting nations. Under the
current Protocol, two major developed countries—Australia
and the United States—signed the agreement but did not ratify
it, creating an exemption for the targets. There are also no
quantitative targets for developing countries.

While it is too early to deliver a final verdict on outcomes
under the Kyoto protocol, the summary record to date on
emissions without land-use changes is not encouraging. Most
68 countries are off track. Moreover, emissions’ growth has
strengthen since 2000.

Among the preliminary outcomes:

e The European Union made average emission reduction
commitments of 8 percent under Kyoto. Actual cuts have
amounted to around 2 percent and European Environment
Agency projections suggest that current policies will leave this
picture unchanged by 2010. Emissions from the transport sector
increased by one-quarter. Emissions from electricity and heat
generation increased by 6 percent. Large increases in renewable
energy supply will be required to meet the Kyoto targets, but the
European Union is falling short of the investments needed to
meet its own target of 20 percent provision by 2020.

e The United Kingdom has surpassed its Kyoto target of a 12
percent emissions reduction, but is off track to meet a national
target to reduce emissions by 20 percent against 1990 levels.
Most of the reduction was achieved before 2000 as a result
of industrial restructuring and market liberalization measures
that led to a switch from carbon-intensive coal to natural gas.
Emissions increased in 2005 and 2006 as a result of switching
from natural gas and nuclear to coal (chapter 3).

e Germany’s emissions were 17 percent lower in 2004 than in
1990. Reductions reflect deep cuts from 1990 to 1995 following
reunification and industrial restructuring in East Germany (over
80 percent of the total reduction), supplemented by a decline
in emissions from the residential sector.

e |taly and Spain are far off track for their Kyoto targets. In Spain
emissions have increased by almost 50 percent since 1990,
with strong economic growth and increased use of coal power

following droughts. In Italy, the primary driver of increased

emissions has been the transport sector.

e Canadaagreed under the Kyoto Protocol to target a 6 percent
cut in emissions. In the event, emissions have increased by
27 percent and the country is now around 35 percent above
its Kyoto target range. While greenhouse gas intensity has
fallen, efficiency gains have been swamped by an increase in
emissions from an expansion in oil and gas production. Net
emissions associated with oil and gas exports have more
than doubled since 1990.

e Japan’s emissions in 2005 were 8 percent above 1990 levels.
The Kyoto target was for a 6 percent reduction. On current
trends it is projected that the country will miss its target by
around 14 percent. While emissions from industry have fallen
marginally since 1990, large increases have been registered
in emissions from transportation (50 percent for passenger
vehicles) and the residential sector. Household emissions have
grown more rapidly than the number of households.

e The United States is a signatory to the Kyoto Protocol but it has
not ratified the treaty. If it had, it would have been required to
reduce its emissions to 7 percent below 1990 levels by 2010.
Overall emissions have increased by 16 percent. By 2010
projected emissions are 1.8 Gt above 1990 levels on a rising
trend. Emissions have grown across all major sectors despite
a 21 percent decline in greenhouse gas intensity of the United
States’ economy, as measured by the ratio of greenhouse gas
emissions to GDP.

e Like the United States, Australia did not ratify the Kyoto
Protocol. Overall emissions have grown at around twice the rate
that would have been required had the country participated,
with emissions rising by 21 percent since 1990. High levels
of dependence on coal-fired power generation contributed to
large increases in the energy sector, with CO, emissions rising
by over 40 percent.

Looking to the post-2012 period, the challenge is to forge an
international agreement that engages all major emitting countries
in a long term effort to achieve a sustainable carbon budget for the
21st Century. There is little that governments can do today that will
have significant effects on emissions between 2010 and 2012: like
oil tankers, energy systems have large turning circles.

What is needed now is a framework for beating dangerous
climate change. That framework will have to provide a far longer
time-horizon for policymakers, with short term commitment
periods linked to medium-term and long term goals. For
developed countries, those goals have to include emission
reductions of around 30 percent by 2020 and at least 80 percent
by 2050—consistent with our sustainable emissions pathway.
Reductions by developing countries could be facilitated through
financial and technology transfer provisions (chapter 3).

Source: EEA 2006; EIA 2006; Government of Canada 2006; IEA 2006c; Government of the United Kingdom 2007c; Ikkatai 2007; Pembina Institute

2007a.
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per barrel. While prices may retreat, a return to
the low levels of the late 1990s is unlikely. Some
commentators interpret these market trends as
evidence to support the ‘peak oil” thesis—the
idea that production is in long-run decline
towards the exhaustion of known reserves.”! In
parallel to these market developments, political
concern over the security of energy supplies has
mounted in the face of growing terrorist threats,
political instability in major exporting regions,
high-profile disruptions in supply, and disputes

between importers and exporters.”>

Energy security and climate security
—pulling in different directions?

The energy security background is important
for climate change mitigation strategies.
However, hopes that rising prices for fos-
sil fuels will automatically trigger an early
transition to a low-carbon future are likely to
prove misplaced. Proponents of the ‘peak oil’
argument overstate their case. New supplies
are almost certainly going to be more costly
and more difficult to extract and deliver,
raising the marginal price of a barrel of oil over
time. Yet the world will not run out of oil any
time soon: proven reserves could cover four
decades of current consumption and much more
may be discovered.”? The bottom line is that
there is more than enough affordable fossil fuel
available to take the world over the threshold of
dangerous climate change.

With current technologies, exploita-
tion of even a small fraction of the Earth’s
vast reservoir of fossil fuels would guarantee
such an outcome. Whatever the pressure on
conventional oil sources, proven reserves
of oil slightly exceed the volume used since
1750. In the case of coal, known reserves
are around 12 times post-1750 use. Using
just half of the world’s known coal reserves
during the 21** Century would add around
400 ppm to atmospheric stocks of green-
house gases, guaranteeing dangerous climate
change in the process.” The availability of fos-
sil fuel reserves underlines the case for prudent
carbon budget management.

Current market trends reinforce that case.

One possible response to the rise in prices for

oil and natural gas is a ‘dash for coal’. This
is the world’s cheapest, most widely dispersed
and most CO,-intensive fossil fuel: for each
unit of energy generated, coal generates around
40 percent more CO, than oil and almost 100
percent more than natural gas. Moreover, coal
figures very prominently in the current and
tuture energy profiles of major CO, emitters
such as China, Germany, India and the United
States. Experience in the transition economies
points to wider problems. Consider the direction
of energy policy in the Ukraine. Over the past
10 to 15 years coal has been steadily replaced by
cheaper (and less polluting) imported natural
gas. However, with the interruption of supplies
from the Russian Federation in early 2006 and
the doubling of import prices, the Ukrainian
government is considering a shift back towards
coal.”> The case demonstrates the way in which
national energy security may conflict with
global climate security goals.

Energy demand scenarios confirm that
rising fossil fuel prices are not pushing
the world towards a sustainable emissions
pathway. Demand is projected to increase
by half between now and 2030, with over 70
percentof theincrease coming from developing
countries.”® These projections suggest that
the world will spend around US$20 trillion
between 2005 and 2030 in meeting those
demands. Much of that investment is still
being directed towards carbon-intensive
infrastructures that will still be generating
energy—and emitting CO,—in the second
half of the 21** Century. The consequences
can be assessed by comparing energy-related
CO, emission scenarios developed by the
International Energy Agency (IEA) and the
IPCC with our sustainable emissions pathway
simulations:

e Our sustainable emissions pathway points
to a trajectory that requires a 50 percent
cutin greenhouse gas emissions worldwide
by 2050 against 1990 levels. The IEA
scenario, in contrast, points to an increase
of around 100 percent. Between 2004
and 2030 alone, energy-related emissions
are projected to increase by 14 Gt CO,,
or 55 percent.

HUMAN DEVELOPMENT REPORT 2007/2008

There is more than
enough affordable fossil
fuel available to take the
world over the threshold of

dangerous climate change

abusjieyo aaewjo AUNuay 5|2 8yl - I



J

=

The 215t Century climate challenge

Energy-related CO, emissions (Mt CO,)

10,000
8,000
6,000

4,000

sustainable emissions

e While

pathway points to an indicative tar-
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get of cuts in the range of at least 80
percent for OECD countries, the IEA
reference scenario indicates a 40 percent
increase—an aggregate expansion of 4.4
Gt CO,,. The United States will account
for around half the increase, taking
emissions 48 percent above 1990 levels
(figure 1.15).

e According to the IEA, developing coun-
tries will account for three-quarters of the
increase in global CO, emissions, whereas
our sustainable emissions pathway points
to the need for cuts of around 20 percent
by 2050 against 1990 levels. The projected
expansion would represent a fourfold
increase over 1990 levels.

e While per capita emissions will increase
most rapidly in developing countries,
convergence will be limited. By 2030,
OECD cmissions are projected at 12
tonnes of CO, per capita, compared with
5 tonnes CO, for developing countries.
In 2015, per capita emissions from China
and India are projected at 5.2 and 1.1
tonnes, compared with 19.3 tonnes for
the United States.

e IPCC scenarios are more comprehensive
than those developed by the IEA because

they incorporate other sources of emissions,

Business-as-usual CO, emissions on a rising trend
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including agriculture, changes in land use,
and waste, and a wider range of greenhouse
gases. These scenarios point to emission
levels of 60-79 Gt CO,e by 2030, on a
sharply rising trend. The lower end of this
range is 50 percent above the 1990 baseline.
One of the IPCC’s non-mitigation
scenarios has emissions doubling in the
three decades to 2030.77

Drivers for increased emissions

As with any future scenario, these figures
have to be treated with caution. They
represent a best-estimate based on
underlying assumptions about economic
growth, population change, energy markets,
technology and current policies. The scenarios
do not chart a predetermined trajectory.

What they draw attention to is the hard fact

that the world is currently on an emissions

trajectory that guarantees a collision between
people and planet.

Changingtrajectories will be difficult. There
are three powerful drivers of rising emissions
that will interact with technology, changes in
energy markets and public policy choices.

o Demographic trends. Current projections
point to an increase in world population
from 6.5 billion today to 8.5 billion by
2030. At a global level, just standing
still in terms of overall emissions will
require 30 percent reductions in average
per capita emissions—and standing still
will not be enough to avoid dangerous
climate change. Almost all the increase in
population will take place in developing
countries, where there are currently large
unmet energy needs and lower levels of
energy efficiency.

o Economic growth. Economic growth
and the carbon intensity of growth—a
function of energy mix and sectoral
composition—are two of the most
powerful drivers of emission trends. Any
projections in this arca are subject to
uncertainty. Climate change itself could
act as a brake on future growth, especially
in the event of catastrophic sea-level



rises or unanticipated ‘nasty surprises’.
However, that brake may not be applied in
the next few decades: most models do not
expect climate to have significant effects
on the drivers of world growth until
towards the end of the 21 Century.”®
More immediately, the global economy is
experiencing one of the longest periods of
sustained growth in history. World GDP
growth has averaged over 4 percent per
annum for the past decade.”® At this rate,
output doubles every 18 years, pushing
up demand for energy and emissions of
CO, in the process. The amount of CO,
generated by every dollar of growth in the
world economy—the ‘carbon-intensity’ of
world GDP—hasbeen falling over the past
two-and-a-half decades, weakening the
link between GDP and carbon emissions.
That trend reflects improvements in
energy efficiency, changes in economic
structure—with the share of carbon-
intensive manufacturing falling relative
to service sectors in many countries—and
changes in the energy mix. However, the
decline in carbon intensity has stalled
since 2000, creating further upward
pressure on emissions (figure 1.16).

o Energy mix. For the past quarter of a
century, energy-related CO, emissions

Carbon intensity is falling too
slowly to cut overall emissions
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have grown less rapidly than primary
energy demand. However, under the IEA
scenario, the period to 2030 could see CO,
emissions rise more rapidly than primary
energy demand. The reason: an increase
in the share of coal in primary energy
demand. Emissions of CO, from coal are
projected to increase by 2.7 percent a year

in the decade to 2015—a rate that is 50

percent higher than for oil.

Achieving climate change mitigation on
the scale required in the face of these pressures
will require a sustained public policy effort
backed by international cooperation. Current
trends in energy markets alone are not going to
push the world on to a low-carbon trajectory.
However, recent market trends and concerns
over energy security could provide an impetus
towards alow-carbon future. With prices for oil
and natural gas set to remain at high levels, the
incentives for developing low-carbon energy
capacity have moved in a favourable direc-
tion. Similarly, governments concerned about
‘addiction to oil’ and the security of energy
supply have strong grounds for advancing
programmes aimed at enhancing energy efhi-
ciency, creating incentives for the development
and deployment of low-carbon technologies,
and promoting greater self-reliance through
renewable energy. We look in more detail at
the mitigation framework in chapter 3. But the
four building blocks for success are:

o Puttinga price on carbon emissions through
taxation and cap-and-trade systems.

o Creating a regulatory framework that
enhances energy efficiency, sets standards
for reducing emissions and creates market
opportunities for low-carbon energy
suppliers.

e Agreeing on multilateral international
cooperation to finance technology
transfers to developing countries
supporting a transition to low-carbon
energy sources.

e Developing a post-2012 mulcilateral
framework to build on the first phase
of the Kyoto Protocol, with far more
ambitious targets for cutting greenhouse
gas emissions.

Current trends in energy
markets alone are not going
to push the world on to a

low-carbon trajectory
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Policies for mitigating

greenhouse gas emissions
will require far-reaching
changes in energy

policy and behaviour
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1.6 Why we should act to avoid dangerous

climate change

We live in a deeply divided world. Extremes
of poverty and prosperity retain the power to
shock. Differences in religious and cultural
identification are a source of tension between
countries and people. Competing nationalisms
pose threats to collective security. Against
this backdrop, climate change provides a hard
lesson in a basic fact of human life: we share
the same planet.

Wherever people live and whatever their
belief systems, they are part of an ecologically
interdependent world. Just as flows of trade
and finance are linking people together in an
integrated global economy, so climate change
draws our attention to the environmental ties
that bind us in a shared future.

Climate change is evidence that we are
mismanaging that future. Climate security
is the ultimate public good: the world’s
atmosphere is shared by all in the obvious
sense that nobody can be ‘excluded’ from it.
By contrast, dangerous climate change is the
ultimate public bad. While some people (the
world’s poor) and some countries stand to lose
faster than others, everybody stands to losc in
the long run, with future generations facing
increased catastrophic risks.

Writing in the 4% Century BC, Aristotle
observed that “what is common to the greatest
number has the least care bestowed upon
it”. He could have been commenting on the
Earth’s atmosphere and the absence of care
bestowed on our planct’s capacity to absorb
carbon. Creating the conditions for change
will require new ways of thinking about
human interdependence in a world heading

for dangerous climate change outcomes.

Climate stewardship in an
interdependent world

Tackling climate change confronts governments
with difficult choices. Complex issues involving

ethics, distributional equity across generations
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and countries, economics, technology and

personal behaviour are at stake. Policies for

mitigating greenhouse gas emissions will
require far-reaching changes in energy policy
and behaviour.

In this chapter we have looked at a range
of issues that are important in framing the
response to climate change. Four themes merit
special emphasis because they go to the heart of
the ethics and economics of any public policy
framework for mitigation:

o Irreversibility. Emissions of CO, and
other greenhouse gases are, for all practical
purposes, irreversible. The duration of
their residence in the Earth’s atmosphere
is measured in centuries. Similar logic
applies to climate system impacts. Unlike
many other environmental issues, where
damage can be cleaned up relatively
swiftly, the damage wrought by climate
change has the potential to extend from
vulnerable populations today across
generations to the whole of humanity in
the distant future.

o Globalscale. The climate forcing generated
through a build-up of greenhouse gases
does not distinguish between nations,
even if the effects differ. When a country
emits CO, the gas flows into a stock that
affects the whole world. Greenhouse
gas emissions are not the only form of
transboundary environmental pollution:
acid rain, oil spillages and river pollution
also create externalities that cross national
borders. What is different with climate
change is the scale and the consequence:
that no nation state acting alone can solve
the problem (even though some countries
can do more than others).

o Uncertainty and catastrophe. Climate
change models deal in probabilities—and
probabilities imply uncertainties. The
combination of uncertainty and catastrophic
risk for future generations is a powerful



rationale for investment in risk insurance
through mitigation.

o Near-term human development reversals.
Long before catastrophic events due to
climate change impact on humanity, many
millions of people will be profoundly
affected. It might be possible to protect
Amsterdam, Copenhagen and Manhattan
from rising sea levels in the 21** Century,
albeit at high cost. But coastal flood defences
will not save the livelihoods or the homes
of hundreds of millions of people living in
Bangladesh and Viet Nam or the Niger or
Nile deltas. Urgent climate change mitigation
would reduce the risks of human development
setbacks over the course of the 21 Century,
though most of the benefits will occur after
2030. Reducing human costs prior to that

date will require support for adaptation.

Social justice and ecological
interdependence

There are many theories of social justice and
approaches to efficiency that can be brought
to bear on climate change debates. Perhaps the
most apposite was crafted by the Enlightenment
philosopher and economist Adam Smith. In
considering how to determine a just and ethical
course of action, he suggested a simple test:
“to examine our own conduct as we imagine
any other fair and impartial spectator would
examine it”.%°

Such a “fair and impartial spectator” would
take a dim view of a generation that failed to act
on climate change. Exposing future generations
to potentially catastrophic risks might be con-
sidered inconsistent with a commitment to core
human values. Article Three of the Universal

abusjieyo aaewjo AUNuay 5|2 8yl - I

Sustainable development is about meeting the needs of present
generations without compromising the ability of future generations
to meet their own needs. More than that, it is about social justice,
equity and respect for the human rights of future generations.

Two decades have now passed since | had the privilege of
chairing the World Commission on the Environment. The Report
that emerged from our proceeding had a simple message that was
captured in its title, Our Common Future. We argued that humanity
was overstepping the limits of sustainability and running down the
world’s ecological assets in a way that would compromise the well-
being of future generations. It was also clear that the vast majority
of the world’s population only had a small share in the overuse of
our finite resources. Unequal opportunities and unequal distribution
were at the heart of the problems we identified.

Today we need to reflect in detail on climate change. But is
there any more powerful demonstration of what it means to live
unsustainably?

The Human Development Report 2007/2008 sets out what it
describes as a ‘carbon budget’ for the 215t Century. Drawing upon
the best climate science, that budget establishes the volume of
greenhouse gases that can be emitted without causing dangerous
climate change. If we continue on our current emissions trajectory,
the carbon budget for the 215t Century will expire in the 2030s. Our
energy consumption patterns are running up vast ecological debts
that will be inherited by future generations—debts that they will be
unable to repay.

Climate change is an unprecedented threat. Most immediately,
it is a threat to the world’s poorest and most vulnerable people:
they are already living with the consequences of global warming.

In our already deeply divided world, global warming is magnifying
disparities between rich and poor, denying people an opportunity
to improve their lives. Looking to the future, climate change poses
risks of an ecological catastrophe.

We owe it to the world’s poor and to future generations to
act with resolve and urgency to stop dangerous climate change.
The good news is that it is not too late. There is still a window
of opportunity, but let’s be clear: the clock is ticking, and time is
running out.

Rich nations must show leadership and acknowledge their
historic responsibility. Their citizens leave the biggest carbon
footprint in the Earth’s atmosphere. Moreover, they have the financial
and technological capabilities needed to make deep and early cuts in
carbon emissions. None of this means that mitigation has to be left to
the rich world. Indeed, one of the most urgent priorities is international
cooperation on technology transfer to enable developing countries
to make the transition to low-carbon energy systems.

Today, climate change is teaching us the hard way some of
the lessons that we attempted to communicate in Our Common
Future. Sustainability is not an abstract idea. It is about finding a
balance between people and planet—a balance that addresses the
great challenges of poverty today, while protecting the interests of

future generations.

Gro Harlem Brundtland
Chair of the World Commission on Sustainable Development
Former Prime Minister of Norway
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The challenge is to sustain

human progress today while
facing the incremental risks
created by climate change
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Declaration on Human Rights establishes that
“everyone has a right to life, liberty and personal
security.” Inaction in the face of the threat
posed by climate change would represent a very
immediate violation of that universal right.

The principle of cross-generational equity
is at the heart of the idea of sustainability.
Two decades have now passed since the World
Commission on Environmentand Development
brought the idea of sustainable development to
the centre of the international agenda. The core
principle is worth restating, if only to highlight
how comprehensively it will be violated by a
continued failure to prioritize climate change
mitigation: “Sustainable development seeks to
meet the needs and aspirations of the present
without compromising the ability to meet those
of the future.”®!

That vision retains a powerful resonance
and an application to public policy debates on
climate change. Of course, sustainable develop-
ment cannot mean that every generation leaves
the world’s environment exactly as it found it.
What need to be conserved are the opportuni-
ties for future generations to enjoy substantive
freedoms, make choices and lead lives that they
value.8? Climate change will eventually limit
those freedoms and choices. It will deny people
control over their destinies.

Thinking about the future does not mean
that we should think less about social justice in
our lifetime. An impartial observer might also
reflect on what inaction in the face of climate
change might say about attitudes to social
justice, poverty and inequality today. The ethical
foundation of any society has to be measured
partly on the basis of how it treats its most
vulnerable members. Allowing the world’s poor
to bear the brunt of a climate change problem
that they did not create would point to a high
level of tolerance for inequality and injustice.

In human development terms, the present
and the future are connected. There is no long
term trade-off between climate change mitigation
and the development of human capabilities. As
Amartya Sen argues in his special contribution
to this Report, human development and
environmental sustainability are integral elements
in the substantive freedom of human beings.
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Tackling climate change with well-designed
policies will reflect a commitment to expand the
substantive freedoms that people enjoy today
without compromising the ability of future
generations to build on those freedoms.®* The
challenge is to sustain human progress today
while facing the incremental risks created
by climate change in the lives of a significant
section of humanity.

There isa fundamental sense in which climate
change challenges us to think differently about
human interdependence. Greek philosophers
argued that human affinity could be understood
in terms of concentric circles stretching out from
family, to locality, country and the world—and
weakening with every remove from the centre.
Enlightenment economists such as Adam
Smith and philosophers such as David Hume
sometimes used this framework to explain
human motivation. In today’s economically and
ecologically more interdependent world, the
concentric circles have become closer to each
other. As the philosopher Kwame Appiah has
written: “Each person you know about and affect
is someone to whom you have responsibilities: to
say thisisjust to affirm the veryidea of morality.”$*
Today we “know about” people in far-distant
places—and we know abouthow our use of energy
“affects’their lives through climate change.

Viewed from this perspective, climate change
poses some tough moral questions. Energy use
and the associated emissions of greenhouse gases
are not abstract concepts. They are aspects of
humaninterdependence. When a person switches
on a light in Europe or an air-conditioning unit
in America, they are linked through the global
climate system to some of the world’s most vul-
nerable people—to small-scale farmers eking out
aliving in Ethiopia, to slum dwellers in Manila,
and to people living in the Ganges Delta. They
are also linked to future generations, not only
their own children and grandchildren but also to
the children and grandchildren of people across
the world. Given the evidence about the implica-
tions of dangerous climate change for poverty
and future catastrophic risks, it would be a denial
of morality to disregard the responsibilities that
come with the ecological interdependence that is

driving climate change.



The economic case for
urgent action

The moral imperative to tackle climate
change is rooted above all in ideas about stew-
ardship, social justice and ethical responsibility.
In a world where people are often divided by ~ Ambitious climate change mitigation requires
their beliefs, these are ideas that cross religious  spending today on a low-carbon transition. The
and cultural divides. They provide a potential ~ costs will fall predominantly on today’s genera-
tion, with the rich world facing the biggest bill.

foundation for collective action by faith group

leaders and others (box 1.4).

IR ——————

Benefits will be distributed across countries and
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“We do not inherit the Earth from our ancestors, we borrow it from

our children”

American Indian proverb

Sustainability was not a concept invented at the Earth Summitin
1992. Belief in the values of stewardship, cross-generational justice
and shared responsibility for a shared environment underpin a wide
range of religious and ethical systems. Religions have a major role to
play in highlighting the issues raised by climate change.

They also have the potential to act as agents of change,
mobilizing millions of people on the basis of shared values to take
action on an issue of fundamental moral concern. While religions
vary in their theological or spiritual interpretation of stewardship,
they share a common commitment to the core principles of cross-
generational justice and concern for the vulnerable.

At a time when the world focuses too often on religious difference
as a source of conflict, climate change offers opportunities for
inter-faith dialogue and action. With some notable exceptions,
religious leaders could do more in the public sphere. One result is
that there has been insufficient moral reflection on the issues raised
by climate change. The foundations for inter-faith action are rooted
in basic scriptures and current teaching:

e Buddhism. The Buddhist term for individual is Santana, or
stream. It is intended to capture the idea of interconnectedness
between people and their environment, and between
generations. Buddhist teaching places an emphasis on personal
responsibility to achieve change in the world through change in
personal behaviour.

e Christianity. Theologians from a wide range of Christian
traditions have taken up the issue of climate change. From a
Catholic perspective, the Holy See’s Permanent Observer to
the UN has called for an “ecological conversion” and “precise
commitments that will effectively confront the problem of climate
change.” The World Council of Churches has issued a powerful
and compelling call to action rooted in theological concerns:
“The poor and vulnerable communities in the world and future
generations will suffer the most from climate change...The rich
nations use far more than their fair share of the global commons.
They must pay that ecological debt to other peoples by fully
compensating them for the costs of adaptation to climate
change. Drastic emission reductions by the rich are required

Source: Climate Institute 2006; IFEES 2006; Krznaric 2007.

to ensure that the legitimate development needs of the world’s
poor can be met.”

Hinduism. The idea of nature as a sacred construction is deeply
rooted in Hinduism. Mahatma Gandhi drew on traditional Hindu
values to emphasize the importance of non-violence, respect
for all forms of life and harmony between people and nature.
Ideas of stewardship are reflected in statements of Hindu faith
on ecology. As the spiritual leader Swami Vibudhesha has
written: “This generation has no right to use up all the fertil-
ity of the soil and leave behind an unproductive land for future
generations.”

Islam. The primary sources of Islamic teaching about the natural
environment are the Quaran, the collections of hadiths—discrete
anecdotes about the Prophet’s sayings and actions—and Islamic
Law (al-Sharia). Because humans are seen as part of nature, a
recurrent theme in these sources is opposition to wastefulness
and environmental destruction. Islamic Law has numerous
injunctions to protect and guard common environmental
resources on a shared basis. The Quaranic concept of ‘tawheed’
or oneness captures the idea of the unity of creation across
generations. There is also an injunction that the Earth and its
natural resources must be preserved for future generations, with
human beings acting as custodians of the natural world. Drawing
on these teachings, the Australian Council of Islamic Councils has
commented: “God entrusts humans to enjoy the bounty of nature
on the strict condition that they take care of it...Time is running
out. People of religion must forget their theological differences
and work together to save the world from climatic ruin.”
Judaism. Many of Judaism’s deepest beliefs are consistent with
environmental protection. As one theologian puts it, while the
Torah may give humanity a privileged place in the order of creation,
this is not “the dominion of a tyrant”—and many commandments
concern the preservation of the natural environment. Applying
Judaic philosophy to climate change, the Central Conference of
American Rabbis has commented: “We have a solemn obligation
to do whatever we can within reason to prevent harm to current
and future generations and to preserve the integrity of creation...
Not to do so when we have the technological capacity—as in the
case of non-fossil fuel energy and transport technologies—is an
unforgivable abdication of our responsibilities.”
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time. Future generations will gain from lower
risks and the world’s poor will benefit from
enhanced prospects for human development
within our own lifetime. Do the costs and ben-
efits of climate change mitigation support the
case for urgent action?

That question was addressed by the Stern
Review on The Economics of Climate Change.
Commissioned by the United Kingdom
Government, the Review provided a strong
response. Using cost—benefit analysis based
on long-run economic modelling it concluded
that the future costs of global warming would
be likely to fall between 5 and 20 percent of
annual world GDP. These future losses could
be avoided, according to the review analysis, by
incurring relatively modest annual mitigation
costs of around 1 percent of GDP to achieve
greenhouse gas stabilization at 550 ppm CO,e
(rather than the more ambitious 450 ppm
advocated in this Report). The conclusion: an
overwhelming case for urgent, immediate, and
rapid reductions in emissions of greenhouse
gases on the grounds that prevention is better,
and cheaper, than inaction.

Some critics of the Stern Review have
reached different conclusions. They maintain
that cost—benefit analysis does not support the
case for carly and deep mitigation. The counter-
arguments are wide-ranging. The Stern Review
and its critics start from a similar proposition:
namely, that the real global damages from
climate change, whatever their level, will be
incurred far into the future. Where they differ is
in their evaluation of these damages. The Stern
review’s critics argue that the welfare of people
living in the future should be discounted at a
higher rate. That is, it should receive less weight
than allowed for in the Stern Review compared
to costs incurred in the present.

Policy prescriptions emerging from these
opposing positions are different.®> Unlike the
Stern review, the critics argue for a modest rate
of emission reductions in the near future, fol-
lowed by sharper reductions in the longer term
as the world economy grows richer—and as
technological capacities develop over time.3¢
The ongoing debate following the Stern

review matters at many levels. It matters most
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immediately because it goes to the heart of the
central question facing policymakers today:
namely, should we act with urgency now
to mitigate climate change? And it matters
because it raises questions about the interface
of economics and ethics—questions that have
a bearing on how we think about human
interdependence in the face of the threats posed
by dangerous climate change.

Discounting the future—ethics and
economics

Much of the controversy has centred on the
concept of social discounting. Because climate
change mitigation implies current costs to
generate future benefits, one critical aspect of
the analysis is about how to treat future outcome
relative to present outcome. At what rate should
future impacts be discounted to the present?
The discount rate is the tool used to address that
question. Determining the rate involves placing
a value on future welfare simply because it is in
the future (the rate of pure time preference). It
also involves a decision on the social value of
an extra dollar in consumption. This second
element captures the idea of diminishing
marginal utility as incomes rise.?”

The argument between the Stern review
and its critics over the costs and benefits of
mitigation—and the timing of action—can be
attributed in large measure to the discount rate.
To understand why the different approaches
matter for climate change mitigation, consider
the following example. At a discount rate of 5
percent, it would be worth spending only US$9
today to prevent an income loss of US$100
caused by climate change in 2057. Without any
discounting, it would be worth spending up to
US$100 today. So, as the discount rate goes up
from zero, the future damages from warming
evaluated today shrink. Applied over the long
time-horizon necessary for considering climate
change impacts, the magic of compound interest
in reverse can generate a strong cost—benefit case
for deferred action on mitigation, if discount
rates are high.

From a human development perspective,
we believe that the Stern review is right in

its central choice for a low value for the rate



of pure time preference—the component of
the discount rate that weighs the welfare of
future generations in comparison with ours.%8
Discounting the well-being of those that
will live in the future just because they live
in the future is unjustified.®” How we think
about the well-being of future generations is
an ethical judgement. Indeed, the founding
father of discounting described a positive rate
of pure time preference as a practice which is
“cthically indefensible and arises merely from
the weakness of the imagination”° Just as we
do not discount the human rights of future
generations because they are equivalent to
ours, so we should accept a ‘stewardship of
the carth’ responsibility to accord future
generations the same ethical weight as the
current generation. Selecting a 2 percent rate
of pure time preference would halve the ethi-
cal weight given to somebody born in 2043
relative to somebody born in 2008.%!
Denying the case for action today on the
grounds that future generations with a lower
weight should be expected to shoulder a greater
burden of mitigation costs is not an ethically
defensible proposition—and it is inconsistent
with the moral responsibilities that come
with membership of a human community
linked across generations. Ethical principles
are the primary vehicle through which the
interests of people not represented in the
market place (future generations) or lacking a
voice (the very young) are brought into policy
formulation. That is why the issue of ethics has
to be addressed explicitly and transparently in

determining approaches to mitigation.”>

Uncertainty, risk and irreversibility—
the case for catastrophic risk
insurance

Any consideration of the case for and against
urgent action on climate change has to start
from an assessment of the nature and timing
of the risks involved. Uncertainty is critical to
the argument.

As shown earlicer in this chapter, uncertainty
under climate change is closely associated with
the possibility of catastrophic outcomes. In
a world that has more chance of going over

5°C than staying under 2°C, ‘nasty surprises’
of a catastrophic nature will become more
probable over time. The impact of those
surprises is uncertain. However, they include
possible disintegration of the West Antarctic
ice sheet, with attendant implications for
human settlements and economic activity.
Ambitious mitigation can be justified as a
down paymenton catastrophic risk insurance
for future generations.”

Catastrophic risks of the order posed by
climate change provide grounds for early
action. The idea that costly actions today
should be deferred until more is known is
not applied to other areas. In dealing with
national defence and protection against
terrorism, governments do not refuse to put
in place investments today because they are
uncertain about the future benefits of those
investments, or the precise nature of future
risks. Rather, they assess risks and determine
on the balance of probabilities whether
there is sufficient likelihood of severe future
damage to take anticipatory action aimed at
risk reduction.”® That is, they weigh-up the
costs, the benefits and the risks, and try to
insure their citizens against uncertain but
potentially catastrophic outcomes.

The case against urgent action on climate
change suffers from wider shortcomings.
There are many areas of public policy in which a
‘wait-and-see’ approach might make sense—but
climate change is not one of them. Because the
accumulation of greenhouse gases is cumulative
and irreversible, policy errors cannot be readily
corrected. Once CO, ¢ emissions have reached,
say, 750 ppm, future generations will not enjoy
the option of expressinga preference for a world
that stabilized at 450 ppm. Waiting to see
whether the collapse of the West Antarctic ice
sheet produces catastrophic outcomes is a one-
way option: ice sheets cannot be reconnected
to the bottom of the sea. The irreversibility of
climate change places a high premium on the
application of the precautionary principle.
And the potential for genuinely catastrophic
outcomes in an area marked by large areas of
uncertainty makes the use of marginal analysis
a restrictive framework for the formulation of
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In dealing with national
defence and protection
against terrorism,
governments do not refuse
to put in place investments
today because they

are uncertain about the
future benefits of those
investments, or the precise

nature of future risks
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responses to the challenge of climate change
mitigation. To put it differently: a small
probability of an infinite loss can still represent
avery big risk.

Beyond one world—why distribution
matters

There hasalso been a debate on the second aspect
of the discount rate. How should we weight the
value of an extra dollar of consumption in the
future if the overall amount of consumption is
different from today’s? Most people who would
accord the same ethical weight to future genera-
tions would agree that, if those generations were
goingto be more prosperous, an increase in their
consumption should be worth less than it is
today. As income increases over time, the ques-
tion arises as to the value of an additional dollar.
How much we discount increasing consump-
tion in the future depends on social preference:
the value attached to the additional dollar. The
critics of the Stern review have argued that its
choice of parameter was too low, leading in
turn to what is, in their eyes, an unrealistically
low overall discount rate. The issues relating to
this part of the debate are different from those
relating to pure time preference and involve
projected growth scenarios under conditions of
great uncertainty.

If the world were a single country with an
ethical concern for the future of its citizens,
it should be investing heavily in catastrophic
risk insurance through climate change
mitigation. In the real world, the costs of
delayed mitigation will not be equally spread
across countries and people. The social and
economic impacts of climate change will fall
far more heavily on the poorest countries and
their most vulnerable citizens. Distributional
concerns linked to human development
greatly reinforce the case for urgent action. In
fact, these concerns represent one of the most
critical parts of that case. This point is widely
ignored by those arguing about discount rates
in ‘one world’ models.

Global cost—benefit analysis without
distribution weights can obscure the issues in
thinking about climate change. Small impacts
on the economies of rich countries (or rich
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people) register more strongly on the cost—ben-
efit balance sheet precisely because they are
richer. The point can be illustrated by a simple
example. If the 2.6 billion poorest people in
the world saw their incomes cut by 20 percent,
per capita world GDP would fall by less than
1 percent. Similarly, if climate change led to a
drought that halved the income of the poorest
28 million people in Ethiopia, it would barely
register on the global balance sheet: world GDP
would fall by just 0.003 percent. There are also
problems in what cost-benefit analysis does
not measure. The value that we attach to things
which are intrinsically important are not easily
captured by market prices (box 1.5).

Distributional imperatives are often
overlooked in the case for action on climate
change mitigation. As with the wider debate
on discounting, the weighting of consumption
gains and losses for people and countries with
different levels of income must be explicitly
considered. There is, however, a key difference
between the distribution issues relating to
intergeneration distribution and those relating
to distribution between current populations.
In the former, the case for ambitious mitiga-
tion rests on the need to insure againstuncertain
but potentially catastrophic risk. In the latter
case of distribution of income in our lifetimes,
it rests in the ‘certain’ costs of climate change
for the livelihoods of the poorest people in
the world.?®

Concern for distributional outcomes
between countries and people at very different
levels of development is not restricted to
mitigation. Mitigation today will create a
steady flow of human development benefits that
strengthen in the second half of the 21** Century.
In the absence of urgent mitigation, poverty
reduction efforts will suffer and many millions
of people will face catastrophic outcomes. Mass
displacement due to flooding in countries like
Bangladesh and mass hunger linked to drought
in sub-Saharan Africa are two examples.

However, there is no neat dividing line
between present and future. Climate change
is already impacting on the lives of the poor
and the world is committed to further climate
change irrespective of mitigation efforts.



What this means is that mitigation alone
will not provide a safeguard against adverse
distributional outcomes linked to climate
change—and that, for the first half of the
21* Century, adaptation to climate change must
be a priority, alongside ambitious mitigation
efforts.

Mobilizing public action

Through the work of the IPCC and others,
climate science has improved our understanding
of global warming. Debates on the economics of
climate change have helped to identify choices
over resource allocation. In the end though, it is
public concern that will drive policy change.

Public opinion—a force for change

Public opinion matters at many levels. An
informed public understanding of why climate
change is such an urgent priority can create the
political space for governments to introduce
radical energy reforms. As in many other areas,

public scrutiny of government policies is also
critical. In the absence of scrutiny, there is a
danger that high-soundingdeclarations of intent
will substitute for meaningful policy action—a
perennial problem with G8 commitments on
aid to developing countries. Climate change
poses a distinctive challenge because, perhaps
more than in any other sphere of public policy,
the reform process has to be sustained over a
long time-horizon.

Powerful new coalitions for change are
emerging. In the United States, the Climate
Change Coalition has brought together non-
government organizations (NGOs), business
leaders and bipartisan research institutions.
Across Europe, NGOs and church-based
groups are building powerful campaigns for
urgent action. ‘Stop Climate Chaos” has become
a statement of intent and a rallying point for
mobilization. At an international level, the
Global Climate Campaign is buildinga network
that mobilizes across national borders, bringing
pressure to bear on governments before,
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Much of the debate over the case for and against urgent mitigation
has been conducted in terms of cost-benefit analysis. Important
issues have been raised. At the same time, the limitations of cost-
benefit approaches have to be acknowledged. The framework is
essential as an aide to rational decision making. But it has severe
limitations in the context of climate change analysis and cannot by
itself resolve fundamental ethical questions.

One of the difficulties with the application of cost-benefit
analysis to climate change is the time-horizon. Any cost-benefit
analysis is a study in uncertainty. Applied to climate change
mitigation, the range of uncertainty is very large. Projecting costs
and benefits over a 10- or 20-year period can be challenging even
for simple investment projects such as building a road. Projecting
them over 100 years and more is a largely speculative exercise. As
one commentator puts it: “Trying to forecast costs and benefits of
climate change scenarios a hundred years from now is more the art
of inspired guesstimating by analogy than a science.”

The more fundamental problem concerns what is being
measured. Changes in GDP provide a yardstick for measuring an
important aspect of the economic health of nations. Even here there
are limitations. National income accounts record changes in wealth
and the depreciation of the capital stock used in its creation. They do
not capture the costs of environmental damage or the depreciation
of ecological assets such as forests or water resources. Applied to

Source: Broome 2006b; Monbiot 2006; Singer 2002; Weitzman 2007.

climate change, the wealth generated through energy use shows
up in national income, the damage associated with the depletion of
the Earth’s carbon sinks does not.

Abraham Maslow, the great psychologist, once said: “If the
only tool you have is a hammer, every problem begins to look like
a nail.” In the same way, if the only tool used to measure cost is a
market price, things that lack a price tag—the survival of species,
a clean river, standing forests, wilderness—might look like they
have no value. ltems not in the balance sheet can become invisible,
even though they have great intrinsic value for present and future
generations. There are some things that, once lost, no amount of
money can bring back. And there are some things that do not lend
themselves to market pricing. For these things asking questions just
through cost-benefit analysis can produce the wrong answers.

Climate change touches in a fundamental way on the relationship
between people and ecological systems. Oscar Wilde once
defined a cynic as “someone who knows the price of everything
and the value of nothing”. Many of the impacts that will come with
unmitigated climate change will touch upon aspects of human life
and the environment that are intrinsically valuable—and that cannot
be reduced to the economics of the ledger sheet. That, ultimately, is
why investment decisions on climate change mitigation cannot be
treated in the same way as investment decisions (or discount rates)
applied to cars, industrial machines or dishwashers.
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during and after high-level intergovernmental
meetings. As little as five years ago, most large
multinational companies were either indifferent
or hostile to advocacy on climate change. Now
an increasing number are pressing for action and
calling for clear government signals to support
mitigation. Many business leaders have realized
that current trends are unsustainable and that
they need to steer their investment decisions in
a more sustainable direction.

Throughout history public campaigns
have been a formidable force for change. From
the abolition of slavery, through struggles for
democracy, civil rights, gender equity and
human rights, to the Make Poverty History
campaign, public mobilization has created
new opportunities for human development.
The specific challenge facing campaigners on
climate change is rooted in the nature of the
problem. Time is running out, failure will lead
to irreversible setbacks in human development,
and policy change has to be sustained across
many countries over a long period of time. There
is no ‘quick fix scenario.

Opinion surveys tell a worrying story
For all the progress that has been achieved, the
battle for public hearts and minds is not yet won.
Assessing the state of that battle is difficult. Yet
opinion surveys tell a worrying story—especially
in the world’s richest nations.

Climate change now figures prominently
in public debates across the developed world.
Media coverage has climbed to unprecedented
levels. The film An Inconvenient Truth has
reached an audience of millions. Successive
reports—the Stern review being an outstanding
example—have narrowed the space between
popular understanding and rigorous economic
analysis. The planet health warnings set out by
the IPCC provide a clear basis for understanding
the evidence on climate change. In the face
of all of this, public attitudes continue to be
dominated by a mindset that combines apathy
and pessimism.

Headline numbers from recent surveys
demonstrate the point. One major cross-country
survey found that people in the developed
world see climate change as a far less pressing
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threat than people in the developing world.

For example, only 22 percent of Britons saw

climate change as “one of the biggest issues”

facingthe world, compared with almost one-half
in China and two-thirds in India. Developing
countries dominated the ranking for countries
whose citizens see climate change as the world’s
most worrying concern, with Brazil, China
and Mexico topping the league table. The same
survey found a far higher level of fatalism in rich
countries, with a high level of scepticism about
the prospects for avoiding climate change.”®
Detailed national level surveys confirm these
broad global findings. In the United States,
climate change mitigation is now a subject
of intense debate in Congress. However, the
current state of public opinion does not provide

a secure foundation for urgent action:

o Roughly four in ten Americans believe that
human activity is responsible for global
warming, but just as many believe that
warming can be traced to natural patterns
in the Earth’s climate systems alone
(21 percent) or that there is no evidence of
global warming (20 percent).””

e While 41 percent of Americans sce
climate change as a “serious problem”, 33
percent see it as only “somewhat serious”
and 24 percent as “not serious”. Only 19
percent expressed a great deal of personal
concern—a far lower level than in other
G8 countries and dramatically lower than
in many developing countries.”®

o Concern remains divided along party-
political lines. Democrat voters register
higher levels of concern than Republican
voters, though neither locates climate change
near the top of their list of priorities. On a
ranking scale of 19 electoral issues, climate
change registered 13t for Democrats and
19%" for Republicans.

e Moderate levels of public concern are linked
to perceptions of where risks and vulnera-
bilities are located. In a ranking of public
concerns, only 13 percent of people covered
were most concerned about impacts on their
family or community, while half saw the
most immediate impacts as affecting people

in other countries, or nature.”’



Caution has to be exercised in inter-
preting opinion survey evidence. Public
opinion is not static and it may be changing.
There is some positive news. Some 90 percent
of Americans who have heard of global warm-
ing think that the country should reduce its
greenhouse gas emissions, regardless of what
other countries do.!%° Even so, if “all politics
is local”, then current public risk assessments
are unlikely to provide a powerful political
impetus. Climate change is still perceived
overwhelmingly as a moderate and distant
risk that will primarily impact people and
places far away in space and time.'?!

Evidence that European opinion is far
ahead of American opinion is not corroborated
by opinion survey evidence. More than eight
in every ten European Union citizens are
aware that the way they consume and produce
energy has a negative impact on climate.19?
Yet only half say that they are “to some degree
concerned”—a far higher share express concern
about the need for Europe to have greater
diversity in energy supply.

In some European countries, public atti-
tudes are marked by an extraordinary degree of
pessimism. For example, in France, Germany
and the United Kingdom the share of people
agreeing with the statement that “we will stop
climate change” ranges from 5 to 11 percent.
Alarmingly, four in every ten people in Germany
thought that it was not even worth trying to do
anything, most of them on the grounds that
nothing can be done.!® All of this suggests
a strong case for a greater emphasis on public
education and campaigning.

The evidence from opinion surveys is
worrying at several levels. It raises questions
first of all about the understanding of people
in rich nations about the consequences of
their actions. If the public had a clearer
understanding of the consequences of their
actions for future generations, and for
vulnerable people in developing countries, the
imperative to act might be expected to register
far more strongly. The fact that so many
people see climate change as an intractable
problem is another barrier to action because

it creates a sense of powerlessness.

The role of the media

The media have a critical role to play in
informing and changing public opinion. Apart
from their role in scrutinizing government
actions and holding policymakers to account,
the media are the main source of information
for the general public on climate change science.
Given the immense importance of the issues at
stake for people and planet, this is a role that
carries great responsibilities.

The development of new technologies and
globalized networks has enhanced the power
of the media across the world. No government
in a democracy can ignore the media. But
power and responsibility have not always gone
together. Speaking in 1998, Carl Bernstein
said: “The reality is that the media are probably
the most powerful of all our institutions today
and they, or rather we [journalists], too often
are squandering our power and ignoring our
obligations.”'%* That observation has a powerful
resonance for the debate on climate change.

There are very large variations in the way
that the media within and across countries have
responded to climate change. Many journalists
and many media organs have performed an
extraordinary service in keeping public debates
alive and deepening knowledge. However,
the flip side has to be acknowledged. Until
recently, the principle of ‘editorial balance” has
been applied in ways that have served to hold
back informed debate. One study in the United
States!®® found that the balance norm resulted
in over half of articles in the country’s most
prestigious newspapers between 1990 and 2002
giving equal weight to the findings of the IPCC
and of the climate science community, and the
views of climate sceptics—many of them funded
by vested interest groups. Continued confusion
in public opinion is one consequence.!%¢

Editorial balance is a laudable and essential
objective in any free press. But balance between
what? If there is a strong and overwhelming
‘majority’ view among the world’s top scientists
dealing with climate change, citizens have a
right to expect to be informed about that view.
Of course, they also have a right to be informed
about minority views that do not reflect a scien-

tific consensus. However, informed judgement

The media have a critical
role to play in informing and

changing public opinion
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Dangerous climate change

is a predictable crisis that

comes with an opportunity

The 215t Century climate challenge Ia l

is not helped when editorial selection treats the
two views as equivalent.

Media coverage of climate change has
suffered from wider problems. Many of
the issues that have to be addressed are
enormously complex and inherently difficult
to communicate. Some media reporting has
clouded public understanding. For example,
there has been a far stronger focus on
catastrophic risk, than on more immediate
human development threats—and in many
cases the two dimensions are confused.

Over the past two years the quantity of
climate change coverage has increased and the
quality has improved. But in some areas media
treatment continues to hold back informed

Conclusion

The science of climate change has established
a clear and reasonable target for international
action. That target is a threshold for average
temperature increases of 2°C. The Stern review
has provided a powerful economic rationale for
action. The proposition that the battle against
climate change is affordable and winnable is
one that has achieved powerful traction with
policymakers.

The argument for long-run insurance against
catastrophic risk and the human development
imperative provide powerful rationales for
action. Mitigation of climate change poses real
financial, technological and political challenges.
But it also asks profound moral and ethical

questions of our generation. In the face of clear
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debate. Sharp peaks in attention during weather-
related disasters or around the launch of key
reports are often followed by lengthy troughs in
coverage. The tendency to focus on emergencies
today and apocalyptic future events obscures
an important fact: that the most damaging
medium-term effects of climate change will
take the form of gradually intensifying pressures
on highly vulnerable people. Meanwhile, the
responsibility of people and governments in rich
countries for these pressures is a heavily under-
represented theme. One consequence is that
public awareness of the importance of support for
adaptation measures to build resilience remains
limited—as does international development

assistance for adaptation.

evidence that inaction will hurt millions of
people and consign them to lives of poverty
and vulnerability, can we justify inaction? No
civilized community adhering to even the most
rudimentary ethical standards would answer
that question in the affirmative, especially one
that lacked neither the technology nor the
financial resources to act decisively.

Dangerous climate change is a predictable
crisis that comes with an opportunity. That
opportunity is provided by negotiations on the
Kyoto Protocol. Under a revitalized post-2012
multilateral framework, the Protocol could
provide a focal point for deep cuts in emissions,
allied to a plan of action on adaptation that
deals with the consequences of past emissions.



Carbon dioxide emissions?

Measuring the global carbon footprint—selected countries and regions

Share of Population €0, emissions CO, emissions or
Total emissions Growth rate world total share per capita sequestration from forests®
(Mt CO,) (%) (%) (%) (tCO,) (Mt CO, / year)
Top 30 CO, emitters 1990 2004 1990-2004 1990 2004 2004 1990 2004 1990-2005
1 United States 4,818 6,046 25 21.2 20.9 4.6 19.3 20.6 -500
2 China¢ 2,399 5,007 109 10.6 17.3 20.0 21 3.8 -335
3 Russian Federation 1,844 1,524 -234d 8.74d 53 2.2 13.44 10.6 72
4 India 682 1,342 97 3.0 46 171 0.8 1.2 -1
5 Japan 1,071 1,257 17 47 43 2.0 8.7 9.9 -118
6 Germany 980 808 -18 4.3 2.8 13 12.3 9.8 -75
7 Canada 416 639 54 18 2.2 0.5 15.0 20.0 .
8 United Kingdom 579 587 1 2.6 2.0 0.9 10.0 9.8 -4
9 Korea (Republic of) 241 465 93 1.1 16 0.7 5.6 9.7 -32
10 Italy 390 450 15 17 16 0.9 6.9 7.8 -52
11 Mexico 413 438 6 1.8 15 16 5.0 4.2 .
12 South Africa 332 437 32 15 15 0.7 91 9.8 ()
13 Iran (Islamic Republic of) 218 433 99 1.0 15 11 4.0 6.4 -2
14 Indonesia 214 378 7 0.9 13 3.4 1.2 17 2,271
15 France 364 373 3 16 13 0.9 6.4 6.0 -44
16 Brazil 210 332 58 0.9 11 2.8 14 1.8 1111
17 Spain 212 330 56 0.9 11 0.7 5.5 7.6 -28
18 Ukraine 6004 330 -454 264 11 0.7 flilfo 7.0 -60
19 Australia 278 327 17 12 11 0.3 16.3 16.2 .
20 Saudi Arabia 255 308 21 11 11 0.4 15.9 13.6 ()
21 Poland 348 307 -12 15 11 0.6 9.1 8.0 -44
22 Thailand 96 268 180 0.4 0.9 1.0 1.7 4.2 18
23 Turkey 146 226 55 0.6 0.8 11 2.6 3.2 -18
24 Kazakhstan 2594 200 -2314 114 0.7 0.2 1574 13.3 ()
25 Algeria 77 194 152 0.3 0.7 0.5 3.0 5.5 -6
26 Malaysia 55 177 221 0.2 0.6 0.4 3.0 7.5 3
27 \Venezuela (Bolivarian Republic of) 117 173 47 0.5 0.6 0.4 6.0 6.6 .
28 Egypt 75 158 110 0.3 0.5 11 15 2.3 -1
29 United Arab Emirates 55 149 173 0.2 0.5 0.1 27.2 341 -1
30 Netherlands 141 142 1 0.6 0.5 0.2 9.4 8.7 -1
World aggregates
OECD® 11,205 13,319 19 49 46 18 10.8 1.5 -1,000
Central & Eastern Europe & CIS 4,182 3,168 -24 18 1 6 10.3 7.9 -166
Developing countries 6,833 12,303 80 30 42 79 17 2.4 5,092
East Asia and the Pacific 3,414 6,682 96 15 23 30 21 3.5 2,294
South Asia 991 1,955 97 4 7 24 0.8 1.3 -49
Latin America & the Caribbean 1,088 1,423 31 B) B 8 2.5 2.6 1,667
Arab States 734 1,348 84 3 5 5 3.3 4.5 44
Sub-Saharan Africa 456 663 45 2 2 1 1.0 1.0 1,154
Least developed countries 74 146 97 () 1 11 0.2 0.2 1,098
High human development 14,495 16,616 15 64 57 25 9.8 10.1 90
Medium human development 5,946 10,215 72 26 85 64 1.8 2.5 3,027
Low human development 78 162 108 () 1 8 0.3 0.3 858
High income 10,572 12,975 23 47 45 15 121 13.3 -937
Middle income 8,971 12,163 36 40 42 47 3.4 4.0 3,693
Low income 1,325 2,084 57 6 7 37 0.8 0.9 1,275
World 22,703 28,983 f 28 100 f 100 f 100 4.3 4.5 4,038
NOTES suggests carbon emissions while a negative Republic of Korea and Slovakia. Therefore, in

Data refer to carbon dioxide emissions stemming
from the consumption of solid, liquid and gaseous
fossil fuels and from gas flaring and production

of cement.

Data refer only to living biomass—above and
below ground, carbon in deadwood, soil and

litter are not included. Refer to annual average
net emissions or sequestration due to changes in
carbon stock of forest biomass. A positive number

Source: Indicator Table 24.

number suggests carbon sequestration.

C0, emissions for China do not include emissions
for Taiwan, Province of China, which were 124

Mt CO, in 1990 and 241 Mt CO, in 2004.

Data refer to 1992 and growth rate values refer to
the 1992—2004 period .

OECD as a region includes the following countries
that are also included in other subregions listed
here: Czech Republic, Hungary, Mexico, Poland,

f

some instances, the sum of individual regions may
be greater than the world total.

The world total includes carbon dioxide emissions
not included in national totals, such as those

from bunker fuels and oxidation of non-fuel
hydrocarbon products (e.g., asphalt), and
emissions by countries not shown in the main
indicator tables. These emissions amount to
approximately 5% of the world total.
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“The countries most vulnerable are
least able to protect themselves.

They also contribute least to the
global emissions of greenhouse
gases. Without action they will pay

a high price for the actions of others.”

Kofi Annan

“Like slavery and apartheid, poverty
is not natural. It is man-made and

it can be overcome and eradicated
by the actions of human beings.”

Nelson Mandela



CHAPTER

It is easy to lose sight of the
human face of the people
who are most vulnerable

to climate change

Climate shocks: risk and
vulnerability in an unequal world

“Hurricane Jeanne took all that I had...my job and my home are gone. I used to have
food. Now I beg in the market.”

Rosy-Claire Zepherin, Gonaives, Haiti, 2005!

“We are eating only a little once a day to make the maize last longer, but even then it

will last only a short time. Then we are in trouble.”

Margaret Mpondi, Mphako, Malawi, 2002*

“If the vains fail like they did last year we will go hungry. The rich have savings. They
have stocks of food. They can sell their oxen for cash. But what do I have? If I sell my
ox how will I plant next year? If my crop fails we have nothing. It is always like that.
Everything depends on rain.”

Kaseyitu Agumas, Lat Gayin, southern Gonda, Ethiopia, 2007°

“We had never seen such floods before. Lots of houses were destroyed, lots of people died,
our agricultural land was submerged, crops stored in houses were lost. Many livestock
were lost too. We were just not prepared to face such big flooding. So we didn’t have any

savings of money or food.”
Pulnima Ghosh Mahishura Gram Panchayat, Nadia District, West Bengal, India, 2007+
“There are more floods now and the river banks are being washed away faster. There’s

nowhere to go. My land is in the river, I have nothing now.”

Intsar Husain, Antar Para, north-western Bangladesh, 2007.

Climate science deals in measurement. most vulnerable to climate change—people

Emissions of carbon dioxide (CO, ) are weighed  such as those quoted above.

in tonnes and gigatonnes. Concentrations of
greenhouse gases in the Earth’s atmosphere
are monitored in parts per million (ppm).
Confronted with the data, it is casy to lose
sight of the human face of the people who are

The human face of climate change cannot
be captured and packaged in statistics. Many of
the current impacts are impossible to separate
from wider pressures. Others will happen in the
future. There is uncertainty about the location,
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What the world’s poor are
facing is a relentless increase
in the risks and vulnerabilities

associated with climate

timingand magnitude of these impacts. However,
uncertainty is not a cause for complacency. We
know that climate-related risks are a major cause
of human suffering, poverty and diminished
opportunity. We know that climate change is
implicated. And we know that the threat will
intensify over time. In chapter 1 we identify cata-
strophic future risks for the whole of humanity as
one of the most powerful grounds for urgent action
in tackling climate change. In this chapter we
focus on a more immediate potential catastrophe:
the prospect of large-scale human development
reversals in the world’s poorest countries.

That catastrophe will not announce itself
as a ‘big bang’ apocalyptic event. What the
world’s poor are facing is a relentless increase
in the risks and vulnerabilities associated with
climate. The source of these incremental risks
can be traced through climate change to energy
consumption patterns and political choices in
the rich world.

The climate already figures as a powerful
force in shaping the life chances of poor people.
In many countries, poverty is intimately related
to repeated exposure to climate risks. For people
whose livelihoods depend on agriculture,
variable and uncertain rainfall is a potent source
of vulnerability. For urban slum dwellers, floods
pose a constant threat. Across the world, the
lives of the poor are punctuated by the risks
and vulnerabilities that come with an uncertain
climate. Climate change will gradually ratchet
up these risks and vulnerabilities, putting
pressure on already over-stretched coping
strategies and magnifying inequalities based on
gender and other markers for disadvantage.

The scale of the potential human develop-
ment reversals that climate change will bring
has been heavily underestimated. Extreme
climate events such as droughts, floods and
cyclones are terrible occurrences in their own
right. They bring suffering, distress and misery
to the lives of those affected, subjecting whole
communities to forces beyond their control and
providing a constant reminder of human frailty.
When climate shocks strike, people must first
deal with the immediate consequences: threats
to health and nutrition, the loss of savings and
assets, damage to property, or the destruction of
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crops. The short-term costs can have devastat-
ing and highly visible consequences for human
development.

The long-term impacts are less visible but no
less devastating. For the 2.6 billion people who
live on less than US$2 a day climate shocks can
trigger powerful downward spirals in human
development. Whereas the rich can cope with
shocks through private insurance, by selling off
assets or by drawing on their savings, the poor
face a different set of choices. They may have
no alternative but to reduce consumption, cut
nutrition, take children out of school, or sell
the productive assets on which their recovery
depends. These are choices that limit human
capabilities and reinforce inequalities.

As Amartya Sen has written: “The enhance-
ment of human capabilities also tends to go
with an expansion of productivities and earning
power.”® The erosion of human capabilities has
the opposite effect. Setbacks in nutrition, health
and education are intrinsically damaging, reduc-
ing the prospects for employment and economic
advancement. When children are withdrawn
from school to help their parents make up
income losses, or suffer malnutrition because of
reduced food availability, the consequences can
stay with them for their whole lives. And when
poor people suddenly lose the assets they have
built up over years, this reinforces their poverty
and holds back efforts to reduce vulnerability
and extreme deprivation in the medium to
longer term. Single climate shocks can thus
create cumulative cycles of disadvantage that
are transmitted across generations.

Climate change matters because it can be
expected to increase the intensity and frequency of
climate shocks. Over the medium and long term,
outcomes will be influenced by the international
mitigation effort. Deep and early cuts in carbon
emissions would diminish the incremental risks
associated with climate change from the 2030s
onwards. Until then, the world in general, and the
world’s poor in particular, will have to live with
the consequences of past emissions. That is why,
asargued in chapter 4, adaptation strategies are so
critical for human development prospects.

In this chapter we look at the past impacts
of climate shocks on human development



in order to cast a light on future threats. We
draw a critical distinction between risk and
vulnerability. Climate risk is an external fact of
life for the entire world. Vulnerability is some-
thing very different. It describes an inability
to manage risk without being forced to make
choices that compromise human well-being
over time. Climate change will strengthen the
transmission mechanisms that convert risk into
vulnerability, militating against the efforts of
the poor to advance human development.

The first section of this chapter sets out
the evidence on a range of climate impacts.
It examines the distribution of exposure to
climatedisastersand thelong-run consequences
of these disasters on human development. In
the second section we use climate scenarios
developed by the IPCC and others to
examine the mechanisms through which the
incremental risks generated by climate change
might impact on human development during
the 21°* Century.

2.1 Climate shocks and low human development traps

Climate disasters have been a recurrent theme
in human history. Plato’s Atlantis myth captures
the destructive power of floods. The collapse of
the Mayan civilization was triggered by a succes-
sion of droughts. The 21** Century has already
provided some potent reminders of the frailty of
people in the face of extreme climate.

Climate disasters are increasing in frequency
and touching the lives of more people. The
immediate consequences are horrific. But
climate shocks are also reinforcing wider
risks and vulnerabilities, leading to long-term
setbacks for human development.

Climate disasters—the rising trend

Extreme climate events are a source of mounting
concern across the world. In recent decades, the
number of people affected by climate disasters
such as droughts, floods and storms has been
rising. Almost every disaster is accompanied
by speculation about possible links to climate
change. As climate science develops it will
provide clearer insights into the relationship
between global warming and weather system
outcomes. However, current evidence points
very clearly in one direction: namely, that
climate change will increase the risk of exposure
to climate disaster.

Reported climate disasters are on a rising
trend. Between 2000 and 2004 an average of

326 climate disasters was reported each year.

Some 262 million people were affected annually
from 2000 to 2004, more than double the level
in the first half of the 1980s (figure 2.1).7

Rich countries have registered a mounting
roll-call of climate disasters. During 2003,
Europe was hit by the most intense heat wave
in more than 50 years—an event that caused
thousands of deaths among the elderly and other
vulnerable people. A year later, Japan was hit by

Climate disasters are
affecting more people
People affected by hydrometeorological disaster

(millions per year)
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Source: HDRO calculations based on OFDA and CRED 2007.
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For the period 2000-2004,
on an average annual basis
one in 19 people living in
the developing world was

affected by a climate disaster

more tropical cyclones than in any other year
over the previous century.8 In 2005, Hurricane
Katrina, one event in the worst Atlantic hur-
ricane season on record, provided a devastating
reminder that even the world’s richest nations
are not immune to climate disaster.”

The intensive media coverage that accompa-
nies climate disasters in rich countries ensures
widespread public awareness of the impacts. It
also creates a distorting prism. While climate
disasters are affecting more and more people
across the world, the overwhelming majority
lives in developing countries (figure 2.2). For
the period 2000-2004, on an average annual
basis one in 19 people living in the developing
world was affected by a climate disaster. The
comparable figure for OECD countries was one
in 1,500 affected—a risk differential of 79.1°
Flooding affected the lives of some 68 million
people in East Asia and 40 million in South
Asia. In sub-Saharan Africa 10 million were
affected by drought and 2 million by flooding,
in many cases with near simultaneous episodes.
Here are some examples of events behind the
reported headline numbers:!!

Disaster risks are skewed
towards developing countries

Risk of being affected by natural disaster

(per 100,000 people)
0000
@ Developing countries 000000
@ High-income OECD 000000
000000
000000
000000
000000
000000
50 people per 100,000 . . . . . .
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000000 000000
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Source: HDRO calculations based on OFDA and CRED 2007.

e The 2007 monsoon period in East Asia dis-
placed 3 million people in China, with large
tracts of the country registering the heaviest
rainfall since records began. According to
the China Meteorological Association, the
floods and typhoons of the previous year
caused the second deadliest toll on record
in terms of lives lost.

e Monsoon floods and storms in South Asia
during the 2007 season displaced more than
14 million people in India and 7 million in
Bangladesh. Over 1,000 people lost their
lives across Bangladesh, India, southern
Nepal and Pakistan.

e The2006/2007 cyclone season in East Asia,
which saw large areas of Jakarta flooded,
displaced 430,000 people, with Hurricane
Durian causing mudslides and extensive
loss of life in the Philippines, followed by
widespread storm damage in Viet Nam.

e Intermsofoverallactivity, the 2005 Atlantic
hurricane season was the most active on
record. Hurricane Katrina made most of the
headlines, causing widespread devastation
in New Orleans. However, the 27 named
storms of the season—including Stan,
Wilma and Beta—affected communities
across Central America and the Caribbean.
Hurricane Stan caused the deaths of more
than 1,600 mainly Mayan people in the
Central Highlands of Guatemala—a greater
human toll than Hurricane Katrina.!?

e Droughtsinthe Horn of Africaand southern
Africa during 2005 threatened the lives
of over 14 million people across a swathe
of countries from Ethiopia and Kenya to
Malawi and Zimbabwe. In the following
year, drought gave way to extensive flooding
across many of the same countries.!?
Reported data on the numbers affected by

climate disasters provide important insights.

However, the data captures only the tip of the

iceberg. Many local climate disasters go unre-

ported, or under-reported—and many more do
not figure at all, because they do not meet the

criteria for a humanitarian disaster (box 2.1).
Gender bias in the impact of disasters is also

under-reported. When disasters strike, they hurt

whole communities—but women often bear the



Figures on climate-related disasters come from the EM-DAT
International Disasters Database maintained by the Centre for
Research on the Epidemiology of Disasters (CRED). The database
has played a valuable role in improving the flow of information on
disasters over time. However, it has certain limitations.

Sources for EM-DAT range from government agencies and the
UN system to NGOs, insurance companies and press agencies.
Some events are more reported than others: high-profile disasters
like Hurricane Katrina attract more media attention than local
droughts. Similarly, some groups are almost certainly under-
reported: slum dwellers and people living in remote or marginal
rural areas are examples.

The criteria for an event being categorized as a disaster are
restrictive. Eligibility requirements include numbers killed or
affected (at least 10 and 100 respectively), the declaration of a
national emergency, or a call for international assistance. Some
climate disasters do not meet these criteria. For example, during
2007, just over 1 million people in Ethiopia were receiving drought
relief under international aid programmes that registered on
the climate disasters database. Seven times this number were
receiving support under a national programme to protect nutrition
levels in drought-prone areas. That programme did not figure in the
database because it was not counted as humanitarian aid.

Source: Hoyois et al. 2007; Maskrey et al. 2007; USAID FEWS NET 2006.

There are wider sources of under-reporting. During 2006
a crisis caused by late rains in Tanzania did not figure in the
CRED database. However, a national food security vulnerability
assessment found that the event and rising food prices had left 3.7
million people at risk of hunger, with 600,000 destitute. Disaster
statistics also fail to expose the imminent risks faced by the poor.
In Burkina Faso, for example, a good harvest in 2007 meant that the
country did not make an emergency food aid appeal. Even so, the
United States Agency for International Development (USAID) food
security assessment warned that over 2 million people were at risk
of food insecurity in the event of any disruption to rainfall.

Finally, the disasters database provides a snapshot of numbers
affected immediately after the event, but not subsequently. When
Hurricane Stan struck Guatemala in October 2005, it affected
half a million people, the majority of them from poor, indigenous
households in the Western Highlands. They figured in the database
for that year. During 2006, food security assessments showed that
many of those affected had been unable to restore their assets
and that production by subsistence farmers had not recovered.
Meanwhile, food prices had increased sharply. The result was an
increase in chronic malnutrition in areas affected by Hurricane Stan.
That outcome represented a local disaster that was not recorded
in the database.

brunt. Floods frequently claim far more female
victims because their mobility is restricted
and they have not been taught to swim. When
Bangladesh was hit by a devastating cyclone and
flood in 1991, the death rate was reportedly five
times higher among women. In the aftermath
of a disaster, restrictions on the legal rights and
entitlements of women to land and property can
limit access to credit needed for recovery.4

Reported economic losses also paint a dis-
torted picture. While over 98 percent of people
affected by climate disasters live in developing
countries, economic impacts are skewed towards
rich countries. The reason for this is that costs
are assessed on the basis of property values and
insured losses, which have been rising steeply
(Aigure 2.3). All cight of the climate disasters
registering more than US$10 billion in damages
reported since 2000 took place in rich countries,
six of them in the United States.

Insurance markets under-report losses in
developing countries, especially those sustained
by the poor. This is because loss claims reflect

the value of the assets and the wealth of those
affected. When tropical cyclones sweep across
Florida, they hit one of the world’s prime real
estate locations, with properties protected by
high levels of insurance coverage. When the
same cyclones hit slums in Haiti or Guatemala,
the market value is lower and the real estate of
the poor is largely uninsured.

Is climate change implicated in the increase
in climate disasters? Direct attribution is
impossible. Every weather event is the product
of random forces and systemic factors. If
Hurricane Katrina had stayed out at sea it
would have been just another powerful tropical
cyclone. However, climate change is creating
systemic conditions for more extreme weather
events. All hurricanes gather their strength from
the heat of the oceans—and the world’s oceans
are warming as a result of climate change. More
intense storms with higher peak wind speeds
and heavier precipitation are a predictable
outcome. Similarly, while individual droughts in
sub-Saharan Africa cannot be directly attributed
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- Climate disasters are driving up insured losses

Annual insured losses (US$ billions)
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to climate change, climate models predict
systemic decreases in rainfall in sub-tropical
areas—over 20 percent in some regions.

The precise role of climate change in drivingup
the number of people affected by climate disaster
is also open to debate. Social factors have clearly
contributed. Population growth, the expansion
of human settlements in hazardous areas—for
example, urban slums perched on fragile hill-
sides and villages located in flood zones—and
ecological stress have all played a role in adding
to risk exposure. However, climate hazards have
also increased. The record shows that droughts in
sub-Saharan Africa have become more frequent
and protracted. Tropical storms have increased in
intensity. Climate change may not provide a full
explanation—but it is heavily implicated.”

Debates over attribution will continue.
As shown in chapter 1, climate science does
not provide certainties. However, uncertainty
does not constitute a case for inaction. The
global insurance industry has been forced into a
radical reappraisal of the implications of climate
risk for its business models (box 2.2). Across
the world, people are being forced to adapt to
emerging climate risks in their everyday lives.
For small-scale farmers, urban slum dwellers

and people living in low-lying coastal arcas these
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risks threaten to become a powerful obstacle to
human development.

Risk and vulnerability

Climate change scenarios provide a framework
for identifying structural shifts in weather sys-
tems. How those shifts are transmitted through
to human development outcomes is conditioned
by the interplay of risk and vulnerability.

Risk affects everyone. Individuals, fami-
lies and communities are constantly exposed
to risks that can threaten their well-being.
Ill-health, unemployment, violent crime, or
a sudden change in market conditions can, in
principle, affect anyone. Climate generates a
distinctive set of risks. Droughts, floods, storms
and other events have the potential to disrupt
people’s lives, leading to losses of income, assets
and opportunities. Climate risks are not equally
distributed, but they are widely disbursed.

Vulnerability is different from risk. The
etymological root of the word is the Latin verb
‘to wound’. Whereas risk is about exposure to
external hazards over which people have limited
control, vulnerability is a measure of capacity
to manage such hazards without suffering a
long-term, potentially irreversible loss of well-
being.! The broad idea can be reduced to “some
sense of insecurity, of potential harm people
must feel wary of—‘somethingbad’ can happen
and ‘spell ruin’”!”

Climate change threats illustrate the
distinction between risk and vulnerability.!®
People living in the Ganges Delta and lower
Manhattan share the flood risks associated
with rising sea levels. They do not share the
same vulnerabilities. The reason: the Ganges
Delta is marked by high levels of poverty and
low levels of infrastructural protection. When
tropical cyclones and floods strike Manila in the
Philippines, they expose the whole city to risks.
However, the vulnerabilities are concentrated
in the over-crowded, makeshift homes of the
slums along the banks of the Pasig River, not in
Manila’s wealthier areas.!”

The processes by which risk is converted
into vulnerability in any country are shaped by
the underlying state of human development,



Climate-related insurance claims have increased rapidly over
the past two decades or more. While climate sceptics and some
governments continue to question the links between climate
change and climate disasters, many global insurance companies
are drawing the opposite conclusion.

In the five years to 2004, insured losses from climate events
averaged US$17 billion a year—a fivefold increase (in 2004 terms)
over the four years to 1990. Climate-related insurance claims
are rising more rapidly than population, income and insurance
premiums, prompting the industry to reassess the viability of
current business models.

That reassessment has taken different forms in different
countries. In some cases the industry has emerged as a forceful
advocate for the development of infrastructure aimed at reducing
insured losses. In Canada and the United Kingdom, for example,
insurance companies have led demands for increased public
investment in storm and flood-defence systems, while also calling
on Government to underwrite losses as an insurer of last resort.

In the United States, insurance companies were actively
reviewing their exposure to climate risks even before Hurricane
Katrina rewrote the history books in terms of storm damage costs.
They have been putting caps on paid losses, shifting a greater part
of the risk on to consumers, and withdrawing from high-risk areas.

One of the side-effects of Hurricane Katrina has been to fuel the
rise of catastrophic risk bonds, which transfer risk from insurers to
capital markets: payments to bond holders cease in the event of a
climate catastrophe. The market in 2006 stood at US$3.6 billion,
compared with US$1 billion two years earlier.

Federal and state government insurance programmes have
not been immune to climate-related pressures. The exposure of
two major programmes—the National Flood Insurance Programme
(exposure nearing US$1 trillion) and the Federal Crop Insurance
Programme (exposure US$44 billion)—has prompted the Government
Accountability Office to warn that “Climate change has implications
for the fiscal health of the Federal Government.”

Experience in developed country insurance markets
highlights a wider problem. Climate change creates large
uncertainties. Risk is a feature of all insurance markets. Premiums
are calculated on the basis of risk assessment. With climate
change, insurance claims are likely to rise over time. Based on
one estimate from the Association of British Insurers, a doubling
of CO, could increase insured losses from extreme storm events
alone for the global industry by US$66 billion annually (at 2004
prices). The difficulty for the industry is that this trend will be
punctuated by catastrophic events that will undermine pooled
risk arrangements.

Source: ABI 2004, 2005b; Brieger, Fleck and Macdonald 2001; CEI 2005; GAO 2007; Mills 2006; Mills, Roth and Leomte 2005; Thorpe 2007.

including the inequalities in income, opportu-
nity and political power that marginalize the
poor. Developing countries and their poorest
citizens are most vulnerable to climate change.
High levels of economic dependence on agricul-
ture, lower average incomes, already fragile
ecological conditions, and location in tropical
arcas that face more extreme weather patterns,
are all vulnerability factors. The following are
among the factors that create a predisposition
for the conversion of risk into vulnerability:

o DPoverty and low human development.
High concentrations of poverty among
populations exposed to climate risk
are a source of vulnerability. The 2.6
billion people—40 percent of the world’s
population—living on less than US$2 a
day are intrinsically vulnerable because they
have fewer resources with which to manage
risks. Similarly, for the 22 countries with a
combined population of 509 million people
in the low human development category of
the Human Development Index (HDI),

even small increases in climate risk can lead
to mass vulnerability. Across much of the
developing world (including countries in
the medium human development category)
there is a two-way interaction between
climate-related vulnerability, poverty
and human development. Poor people
are often malnourished partly because
they live in areas marked by drought and
low productivity; and they are vulnerable
to climate risks because they are poor
and malnourished. In some cases, that
vulnerability is directly linked to climate
shocks. Disaggregated HDI data for Kenya,
for example, show a close fit between food
emergencies linked to drought and districts
where human development is low (table 2.1).
In Ghana, half of children in the drought-
prone northern region are malnourished,
compared with 13 percent in Accra.?
o Disparities in human development.
Inequalities within countries are another
marker for vulnerability to climate shocks.
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Drought-related food emergencies and human

development are closely linked in Kenya

Kenyan districts

Human Development Index value

2005

Districts suffering food emergency

(November 2005-0ctober 2006)
Garissa 0.267
Isiolo 0.580
Mandera 0.310
Masrabit 0.411
Mwingi 0.501
Samburu 0.347
Turkana 0172
Wajir 0.256

Others
Mombassa 0.769
Nairobi 0.773
Kenya national average 0.532

Source: UNDP 2006a; USAID FEWS NET 2007.

One recent quantitative assessment of
the human impacts of disasters has found
that “countries with high levels of income
inequality experience the effects of climate
disasters more profoundly than more equal
societies”.*! Average levels of human develop-
ment can obscure high levels of deprivation.
Guatemala, for example, is a medium human
development country marked by large social
disparities between indigenous and non-
indigenous people. Malnutrition among
indigenous people is twice as high as for
non-indigenous people. When Hurricane
Stan swept across the Western Highlands of
Guatemala in 2005 its impact was felt most
heavily by indigenous people, the majority
of them subsistence farmers or agricultural
labourers. Losses of basic grains, the depletion
of food reserves and the collapse of employ-
ment opportunities magnified already severe
levels of deprivation, with inequality acting
asa barrier to early recovery.?? Disparities in
human development also expose vulnerable
populations to climate risks in some of the
world’s richest countries. When Hurricane
Katrina hit New Orleans, some of America’s
poorest communities were affected.
Recovery was hampered by deep underlying
inequalities (box 2.3).

o Lack of climate-defence infrastructure.

Infrastructural disparities help to explain
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why similar climate impacts produce
very different outcomes. The claborate
system of dykes in the Netherlands acts
as a powerful buffer between risk and
vulnerability. Flood defence systems, water
infrastructure and early warning systems all
reduce vulnerability. Japan faces a higher
exposure to risks associated with cyclones
and flooding than the Philippines. Yet
between 2000 and 2004, average fatalities
amounted to 711 in the Philippines and
only 66 in Japan.??

Limited access to insurance. Insurance can
play an important role in enabling people
to manage climate risks without having
to reduce consumption or run down their
assets. Private markets and public policy
can play a role. Houscholds in rich countries
have access to private insurance to protect
themselves against climate-related losses.
Most poor houscholds in developing
countries do not. Social insurance is another
bufferagainstvulnerability. It enables people
to cope with risks without eroding long-
term opportunities for human development.
It can provide for people in old age, afford

Social insurance provision is
far greater in rich countries

Social insurance spending (% of GDP)
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When Hurricane Katrina breached the levees of New Orleans it
caused human suffering and physical damage on a vast scale. As
the flood waters receded, they revealed the acute vulnerabilities
associated with high levels of pre-existing social inequality. Flood
damage was superimposed on a divided city, just as climate change
damage will be superimposed on a divided world. Two years after
the tragedy, inequalities continue to hamper recovery.

Located on the Gulf Coast of the United States, New Orleans
is in one of the world’s high-risk hurricane zones. In August 2005
the flood defences mitigating that risk were overwhelmed, with
tragic consequences. Hurricane Katrina claimed over 1,500 lives,
displaced 780,000 people, destroyed or damaged 200,000 homes,
crippled the city’s infrastructure and traumatized its population.

The hurricane impacted on the lives of some of the poorest
and most vulnerable people in the world’s richest nation.
Pre-Katrina child poverty rates in New Orleans were among the
highest in the United States, with one in three living below the
poverty line. Health provision was limited, with some 750,000
people lacking insurance coverage.

Hurricane Katrina selected its victims overwhelmingly from the
most disadvantaged areas of the city. Poorer districts dominated
by black communities bore the brunt. Flood damage interacted with
deep racial inequalities (poverty rates among blacks three times
higher than for whites). An estimated 75 percent of the population
living in flooded neighbourhoods was black. The Lower Ninth Ward
and the Desire/Florida communities, two of the poorest and most
vulnerable in the city, were both totally devastated by Katrina.

Images of the human suffering in New Orleans were beamed
around the world as the city became a magnet for international
media attention. Yet as people sought to rebuild their lives after
the cameras had departed, pre-hurricane inequalities emerged as
a barrier to recovery.

The health sector provides a striking example. Many of the
health facilities in the safety net system serving the poor were
damaged by Hurricane Katrina, with the Charity Hospital, which
provided most of the medical care for this group—emergency,
acute and basic—still closed. While a special Medicaid waiver was
introduced to provide temporary coverage for uninsured evacuees,

eligibility rules limited entitlements for low-income households
without children, leading to a large number of rejected claims. It
took Congress and the Administration 6 months to authorize a US$2
billion provision for Medicaid to cover uninsured health costs.

Research conducted by the Kaiser Family Foundation 6 months
after the storm revealed that many people had been unable to
maintain pre-existing treatment or to access the care needed to
deal with new conditions. In household interviews, over 88 percent
of respondents identified the need for expanded and improved
health provision as a vital challenge for the city. Two years on, that
challenge remains.

Of the many factors blocking the social and economic recovery
of New Orleans, the health care system may be the most important.
Only one of the city’s seven general hospitals is operating at its
pre-hurricane level; two more are partially open, and four remain
closed. The number of hospital beds in New Orleans has dropped
by two-thirds. There are now 16,800 fewer medical jobs than before
the storm, down 27 percent, in part because nurses and other
workers are in short supply.

Two important lessons emerge from Hurricane Katrina that
have a wider bearing on climate change strategies. The first is
that high levels of poverty, marginalization and inequality create
a predisposition for risk to convert into mass vulnerability. The
second is that public policy matters. Policies that provide people
with entitlements to health and housing provision can facilitate early
recovery, while weak entitlements can have the opposite effect.

Poverty in New Orleans

People living in poverty, 2000 (%) New Orleans United States
Total population 28 12
Children 18 years and younger 38 18
Whites 12 9
African—Americans 35 25

Source: Perry et al. 2006.

Source: Perry et al. 2006; Rowland 2007; Turner and Zedlewski 2006; Urban Institute 2005.

protection during periods of sickness or
unemployment, assist child development
and protect basic nutrition. Countries vary
widely in their support for social insurance
(figure 2.4). Rich countries spend a greater
share of their far higher average incomes on
social insurance. In terms of global climate
change risk management this means that
there is an inverse relationship between
vulnerability (which is concentrated in

poor countries) and insurance (which is

concentrated in rich countries).

Gender inequalities intersect with climate
risks and vulnerabilities. Women’s historic
disadvantages—their limited access to resources,
restricted rights, and a muted voice in shaping
decisions—make them highly vulnerable to
climate change. The nature of that vulnerability
varies widely, cautioning against generalization.
But climate change is likely to magnify existing
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For many generations, Inuit have closely observed the environ-
ment, accurately predicting the weather so as to allow safe travel
on the sea ice. However our ability to read and predict weather
patterns and conditions around us is now greatly challenged
as a result of climate change. For decades, our hunters have
reported melting permafrost, thinning ice, receding glaciers,
new invasive species, rapid coastal erosion and dangerously
unpredictable weather. From our far Northern perspective, we
have observed that the global climate change debate too often
focuses on economic and technical matters rather than on the
human impacts and consequences of climate change. Inuit are
already experiencing these impacts and will soon face dramatic
social and cultural dislocation.

Climate change is our greatest challenge: overarching, complex
and requiring immediate action. It also presents an opportunity
to reconnect with each other as a shared humanity, despite our
differences. With this in mind | decided to look at the international
human rights regimes that are in place to protect peoples from cultural
extinction—the very situation we Inuit could be facing. The question
was always how can we bring some clarity of purpose and focus to
a debate that seems always to be caught up in technical arguments
and competing short term ideologies? | believe it is significant
internationally for global climate change to be debated and examined
in the arena of human rights. As Mary Robinson said “human rights
and the environment are interdependent and interrelated”. That is why,
together with 61 other Inuit, | worked to launch the Climate Change
Human Rights Petition in December 2005.

In essence the petition states that governments should develop
their economies using appropriate technologies that significantly

limit greenhouse gas emissions. But we have also achieved much
more than that.

Through this work we have made human faces—and our
fates—the centre of attention. We have changed the international
discourse from dry technical discussions to debates about human
values, human development and human rights. We have given United
Nations conferences a heartbeat, a renewed sense of urgency. We
did this by reminding people far away from the Arctic that we are
all connected: that the Inuit hunters falling through the thinning
ice are connected to the people facing the melting glaciers of the
Himalayas and the flooding of the small island states; but that this is
also connected to the way the world goes about its daily life in terms
of the cars we drive, the industries we support and the policies we
choose to make and enforce.

A brief window of opportunity still remains to save the Arctic and,
ultimately, the planet. Coordinated action can still forestall the future
projected in the Arctic Climate Impact Assessment. Nations can
again come together, as we did in Montreal in 1987 and Stockholm
in 2001. Already our ozone is mending; already the toxic chemicals
that poisoned the Arctic are decreasing. Now the world’s greatest
emitters must make binding commitments to act. | only hope that
nations take this opportunity to once more come together through
the understanding of our connectivity and our shared atmosphere,
ultimately our shared humanity.

/Xma (att, - foction

Sheila Watt-Cloutier
Advocate for Arctic climate change

patterns of gender disadvantage. In the agricul-
tural sector, rural women in developing countries
are the primary producers of staple food, a sector
that is highly exposed to the risks that come
with drought and uncertain rainfall. In many
countries, climate change means that women
and young girls have to walk further to collect
water, especially in the dry season. Moreover,
women can be expected to contribute much of
the labour that will go into coping with climate
risks through soil and water conservation,
the building of anti-flood embankments and
increased off-farm employment. One corollary
of gender vulnerability is the importance of
women’s participation in any planning process
for adaptation to climate change.?

Climate change is also providing a
reminder of the symbiotic relationship between
human culture and ecological systems. This
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relationship is very evident in the Arctic, where
some of the world’s most fragile ecosystems are
being affected by rapid warming. Indigenous
people in the Arctic have become sentinels
for a world undergoing climate change. As
one of the leaders of the Inuit community
has commented: “The Arctic is the world’s
climate change barometer. Inuit are the
mercury in that barometer.”? For Inuit people,
business-as-usual warming will disrupt or even
destroy a culture based on hunting and food
sharing, as reduced sea ice causes the animals
on which they depend to become less accessible,
and possibly decline towards extinction. In
December 2005, representatives of Inuit
organizations submitted a petition to the
Inter-American Commission on Human
Rights, claiming that unrestricted emissions
from the United States were violating the



human rights of the Inuit. The aim was not
to seck damages but rather redress, in the
form of leadership in mitigating dangerous
climate change.

Low human development traps

Human development is about expanding
freedom and choice. Climate-related risks force
people into trade-offs that limit substantive
freedom and erode choice. These trade-offs can
constitute a one-way ticket into low human
development traps—downward spirals of
disadvantage that undermine opportunities.

Climate shocks affect livelihoods in many
ways. They wipe out crops, reduce opportuni-
ties for employment, push up food prices and
destroy property, confronting people with stark
choices. Wealthy households can manage shocks
by drawing upon private insurance, using their
savings, or trading in some of their assets. They
are able to protect their current consumption—
‘consumption smoothing’—without running
down their productive capacities or eroding
their human capabilities. The poor have fewer
options.

With limited access to formal insurance,
low income and meagre assets, poor houscholds
have to adapt to climate shocks under more
constrained conditions. In an effort to protect
current consumption, they are often forced to sell
productive assets, compromising future income
generation. When incomes fall from already low
levels, they may have no choice but to reduce
the number of meals they eat, cut spending on
health, or withdraw their children from school
to increase labour supply. The coping strategies
vary. However, the forced trade-offs that follow
climate shocks can rapidly erode human capabili-
ties, setting in train cycles of deprivation.

Poor houscholds are not passive in the
face of climate risks. Lacking access to formal
insurance, they develop self-insurance mecha-
nisms. One of these mechanisms is to build
up assets—such as livestock—during ‘normal’
times for sale in the event of a crisis. Another is
to invest household resources in disaster preven-
tion. Household surveys in flood-prone urban
slums in El Salvador record families spending

up to 9 percent of their income on strengthen-
ing their homes against floods, while also using
family labour to build retaining walls and
maintain drainage channels.?® Diversification
of production and income sources is another
form of sclf-insurance. For example, rural
households seek to reduce their risk exposure by
inter-cropping food staples and cash crops, and
by engaging in petty trade. The problem is that
self-insurance mechanisms often break down in
the face of severe and recurrent climate shocks.

Research points to four broad channels or
‘risk multipliers’ through which climate shocks
can undermine human development: ‘before-
the-event’ losses in productivity, early coping
costs, asset erosion of physical capital and asset
crosion of human opportunities.

‘Before-the-event’ losses in productivity
Not all of the human development costs
of climate shocks happen after the event.
For people with precarious livelihoods in
areas of climate variability, uninsured risk
is a powerful impediment to increased
productivity. With less capacity to manage
risk, the poor face barriers to engage in
higher-return but higher-risk investment. In
effect, they are excluded from opportunities
to produce their way out of poverty.

It is sometimes argued that the poor are
poor because they are less ‘entrepreneurial” and
choose to avoid risky investments. The fallacy in
this view lies in confusion between risk aversion
and innovative capacity. As houscholds move
closer to extreme poverty they become risk
averse for a very good reason: adverse outcomes
can affect life chances at many levels. Operating
without formal insurance in areas of high risk
exposure—such as floodplains, drought-prone
regions or fragile hillsides—poor houscholds
rationally choose to forego potentially higher
return investments in the interests of house-
hold security. Farmers may be forced to make
production decisions that are less sensitive to
rainfall variation, but also less profitable.

Research in Indian villages in the 1990s
found that even slight variations in rainfall
timing could reduce farm profits for the poorest
quartile of respondents by one-third, while
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having a negligible impact on profitability for
the richest quartile. Faced with high risk, poor
farmers tended to over-insure: production
decisions led to average profits that were lower
than they could have been in an insured risk
environment.”” In Tanzania, village-level research
found poor farmers specializing in the produc-
tion of drought-resistant crops—like sorghum
and cassava—which provide more food security
but alower financial return. The crop portfolio of
the wealthiest quintiles yielded 25 percent more
than that of the poorest quintile.?®

This is part of a far wider pattern of de facto
risk insurance that, interacting with other factors,
increases inequality and locks poor households
into low-return systems of production.”” As
climate change gathers pace, agricultural
production in many developing countries will
become riskier and less profitable (see section
on Agriculture and food security below). With
three-quarters of the world’s poor dependent on
agriculture, this has important implications for
global poverty reduction efforts.

It is not just the world’s poor that will have
to adjust to new climate patterns. Agricultural
producers in rich countries will also have to deal
with the consequences, however, the risks are less
severe, and they are heavily mitigated through

Drought in Malawi—how the poor cope

Behaviours adopted to cope with drought, 1999 (% of people) Blantyre Town (%) Rural Zomba (%)

Dietary adjustments

e Substituted meat for vegetables

e Ate smaller portions to make meals last longer

e Reduced number of meals per day

e Ate different foods, such as cassava instead of maize
Expenditure reduction

*  Bought less firewood or paraffin

e Bought less fertilizer

Cash generation for food

e Depleted savings

e Borrowed money

e Searched for casual labour (ganyu) for cash and food
e Sold livestock and poultry

e Sold household items and clothes

e Sent children to look for money

73 93
47 91
46 91
4 89
63 83
38 33
35 0
36 7
19 59
17 15
1 6
10 0

Source: Devereux 1999.
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large-scale subsidies—around US$225 billion in
OECD countries in 2005—and public support
for private insurance.?® In the United States,
Federal Government insurance payments for
crop damage averaged US$4 billion a year from
2002 to 2005. The combination of subsidies
and insurance enables producers in developed
countries to undertake higher-risk investments
to obtain higher returns than would occur

under market conditions.?!

The human costs of ‘coping’

The inability of poor houscholds to cope with
climate shocks is reflected in the immediate
human impacts, and in increasing poverty.
Droughts provide a potent example.

When rains fail the ripple effects are trans-
mitted across many arcas. Losses in production
can create food shortages, push up prices,
undermine employment, and depress agricul-
tural wages. The impacts are reflected in coping
strategies that range from reduced nutrition to
the sale of assets (table 2.2). In Malawi, the 2002
drought left nearly 5 million people in need of
emergency food aid. Long before the aid arrived,
households had been forced to resort to extreme
survival measures, including such activities as
theft and prostitution.?* The acute vulnerabili-
ties that can be triggered by climate shocks in
countries at low levels of human development
were powerfully demonstrated in the 2005 food
security crisis in Niger (box 2.4).

Droughts are often reported as short term,
single events. That practice obscures some
important impacts in countries where multiple
or sequential droughts create repeated shocks
over several years. Research in Ethiopia illus-
trates the point. The country has experienced
at least five major national droughts since 1980,
along with literally dozens of local droughts.
Cycles of drought create poverty traps for
many households, constantly thwarting efforts
to build up assets and increase income. Survey
data show that between 1999 and 2004 more
than half of all houscholds in the country
experienced at least one major drought shock.??
These shocks are a major cause of transient
poverty: had houscholds been able to smooth
consumption, then poverty in 2004 would



have been at least 14% lower (table 2.3)—a
figure that translates into 11 million fewer
people below the poverty line.>

The human impacts of current climate
shocks provide a widely ignored backdrop for
understanding the human development impli-
cations of climate change. Malnutrition levels
rise and people get locked into poverty traps.
If climate change scenarios predicting more
frequent and more intense droughts and floods
are correct, the consequences could be large and
rapid reversals in human development in the
countries affected.

Asset erosion—physical capital

Climate shocks can have devastating
consequences for houschold assets and
savings. Assets such as live animals represent
something more than a safety net for coping
with climate shocks. They provide people with
a productive resource, nutrition, collateral for
credit, and a source of income to meet health

and education costs, while also providing

The impact of drought shocks in Ethiopia

People in poverty (%)

Observed poverty 47.3
Predicted poverty with no drought shocks 331
Predicted poverty with no shocks of any kind 29.4

Source: Dercon 2004.

security in the event of crop failure. Their
loss increases future vulnerability.

Climate shocks create a distinctive threat to
coping strategies. Unlike, say, ill-health, many
climate shocks are covariate: that is, they affect
entire communities. If all affected households
sell their assets at the same time in order to pro-
tect consumption, asset prices can be expected
to fall. The resultingloss of value can rapidly and
severely undermine coping strategies, reinforc-
ing wider inequalities in the process.

Research on the 1999/2000 drought in
Ethiopia illustrates this point. The disaster
began with a failure of the short or belg rains,
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Niger is one of the poorest countries in the world. It ranks close
to bottom of the HDI, with a life expectancy of nearly 56 years, 40
percent of children having low weight for their age in an average
year, and more than one in five children dying before their fifth
birthday. Vulnerability to climate shocks in Niger is linked to several
factors, including widespread poverty, high levels of malnutrition,
precarious food security in ‘normal’ years, limited health coverage
and agricultural production systems that have to cope with uncertain
rainfall. During 2004 and 2005 the implications of these underlying
vulnerabilities were powerfully demonstrated by a climate shock,
with an early end to rains and widespread locust damage.

Agricultural production was immediately affected. Output fell
sharply, creating a cereals deficit of 223,000 tonnes. Prices of
sorghum and millet rose 80 percent above the 5-year average.
In addition to high cereal prices, deteriorating livestock
conditions deprived household of a key source of income and
risk insurance. The loss of pasture and nearly 40 percent of the
fodder crop, along with rising animal feed prices and ‘distress
sales’, pushed down livestock prices, depriving households
of a key source of income and risk insurance. With vulnerable
households trying to sell under-nourished animals for income
to buy cereals, the drop in prices adversely affected their food
security and terms of trade.

By the middle of 2005 around 56 zones across the country were
facing food security risks. Some 2.5 million people—around a fifth
of the country’s population—required emergency food assistance.
Twelve zones in regions such as Maradi, Tahou and Zinder were
categorized as ‘extremely critical’, meaning that people were
reducing the number of meals eaten each day, consuming wild roots
and berries, and selling female cattle and production equipment.
The crisis in agriculture led to severe human costs, including:

e Migration to neighbouring countries and less critically affected
zones.

e In 2005 Médecins Sans Frontieres (MSF) re-reported an
acute malnutrition rate of 19 percent among children aged
6-59 months in Maradi and Tahoua, representing a significant
deterioration over average levels. MSF also reported a fourfold
increase in the number of children suffering from severe
malnutrition in therapeutic feeding centres.

e USAID survey team reported women spending entire days
collecting anza, a wild food.

In some respects, Niger’s low level of human development
makes the country an extreme case. However, developments during
2005 demonstrated in stark fashion the mechanisms through which
increased climate-related risk can disrupt coping strategies and
create extensive vulnerabilities.

Source: Chen and Meisel 2006; Mousseau and Mittal 2006; MSF 2005; Seck 2007a.
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The trade-offs forced upon
people by climate shocks
reinforce and perpetuate
wider inequalities based
on income, gender and

other disparities

which can fall between February and April.
This frustrated farmers’ attempts to plough
and sow crops. Reduced rainfall during the
long rainy season (the June—September mzeher
rains) caused widespread crop failure. When
the subsequent belg season in early 2000 also
saw poor rainfall, the result was a major food
security crisis. Distress sales of assets—mainly
livestock—Dbegan early and continued for 30
months. By the end of 1999, livestock sellers
were receiving less than half the pre-drought
price, constituting a huge loss of capital.
However, not all farmers adopted the same
coping strategy. The top two quartiles, with
far more cattle, sold animals carly in a classic
‘consumption smoothing’ pattern, trading
in their insurance risk premium in order to
maintain access to food. In contrast, the lowest
two quartiles stubbornly held on to their small
number of animals, with only small decreases in
livestock ownership until the end of the drought
period. The reason: their animals were a vital
productive resource for ploughing. In effect, the
rich were able to smooth consumption without
detrimentally eroding their productive assets,
whereas the poor were forced to choose between
the two.®

Agropastoral and pastoral houscholds,
which are even more reliant on livestock for
their livelihoods, also suffer severe asset losses
during droughts. As experience in Ethiopia has
repeatedly shown, the consequences are likely to
include adverse impacts for their terms of trade,
with livestock prices falling sharply relative to
cereal prices.

Another example comes from Honduras.
In 1998 Hurricane Mitch cut a wide path of
destruction across the country. In this case, the
poor were forced to sell a far greater share of
their assets than wealthier households in order
to cope with a steep increase in poverty. By
runningdown the productive assets of the poor,
the climate shock in this case created conditions

for an increase in future inequalities (box 2.5).

Asset erosion—human opportunities

Mediaimages of human suffering duringclimate
shocks do not capture the damaging trade-offs
into which poor houscholds are forced. When
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droughts, floods, storms and other climate
events disrupt production, cut income and
erode assets, the poor face a stark choice: they
must make up income losses or cut spending.
Whatever the choice, the consequences are
long-term costs that can jeopardize human
development prospects. The trade-offs forced
upon people by climate shocks reinforce and
perpetuate wider inequalities based on income,
gender and other disparities. Some examples:

o Nutrition. Climate shocks such as drought
andfloodscan cause grave setbacksin nutri-
tional status as food availability declines,
prices rise and employment opportunities
shrink. Deteriorating nutrition provides
the most telling evidence that coping
strategies are failing. The drought that
swept across large areas of eastern Africa
in 2005 illustrates the point. In Kenya, it
put the lives of an estimated 3.3 million
people in 26 districts at risk of starvation.
In Kajiado, the worst affected district, the
cumulative effect of the two poor rainy
seasons in 2003 and the total failure of
rains in 2004 almost completely wiped
out production. Particularly, decline in
the production of rainfed crops such as
maize and beans harmed both people’s
diet and their purchasing power. Health
centres in the district reported an increase
in malnutrition, with 30 percent of chil-
dren secking medical assistance found to
be underweight compared to 6 percent in
normal years.’® In some cases, the trade-
offs between consumption and survival
can exacerbate gender bias in nutrition.
Research in India has found that girls’
nutrition suffers most during periods of
low consumption and rising food prices,
and that rainfall shortages are more
strongly associated with deaths among
girls than boys.?”

o Education. For the poorest houscholds,
increasing labour supply can mean trans-
ferring children from classrooms into the
labour market. Even in ‘normal’ years, poor
households are often forced to resort to
child labour, for example during the lean
season before harvests. Droughts and floods



intensify these pressures. In Ethiopia and
Malawi, children are routinely taken out
of school to engage in income-generating
activities. In Bangladesh and India, children
in poor households work on farms, tend cat-
tle or engage in other tasks in exchange for
food during periods of stress. In Nicaragua
in the aftermath of Hurricane Mitch, the
proportion of children working rather than
attending school increased from 7.5 to 15.6
percent in affected households.?® It is not
only low-income countries that are affected.
Household research in Mexico covering the
period 1998-2000 shows an increase in
child labour in response to drought.

e Health. Climate shocks are a potent threat
to the poor’s most valuable assets—their
health and their labour. Deteriorating
nutrition and falling incomes generate
a twin threat: increased vulnerability to
illness and fewer resources for medical

treatment. Droughts and floods are often
catalysts for wide-ranging health problems,
including an increase in diarrhoea among
children, cholera, skin problems and acute
under-nutrition. Meanwhile, capacity to
treat old problems and cope with new ones
is hampered by increased poverty. Research
for this Report shows thatin Central Mexico
during the period 1998 to 2000, children
under five saw their chances of falling sick
increasing when they suffered a weather
shock: the probability of illness increased by
16 percent with droughts and by 41 percent
with floods.?” During the 2002 food crisis
in southern Africa, over half of households
in Lesotho and Swaziland reported reduced
health spending.*® Reduced or delayed
treatment of diseases is an enforced choice
that can have fatal consequences.
Forced trade-offs in areas such as nutrition,
education and health have consequences that

Climate shocks are a potent
threat to the poor’s most
valuable assets—their

health and their labour

Climate change will bring with it more intense tropical storms as
sea temperatures rise. The incremental risks will be borne across
societies. However, poor households with limited risk management
capacity will suffer the most. Evidence from Central America, which
will be one of the worst affected regions, shows how storms can
erode assets and exacerbate inequality.

In contrast to droughts, which emerge as ‘slow-fuse’ crises
over months, storms create instantaneous effects. When
Hurricane Mitch tore into Honduras in 1998 it had an immediate
and devastating impact. Data collected shortly after the hurricane
showed that poor rural households lost 30-40 percent of their
income from crop production. Poverty increased by 8 percent,
from 69 to 77 percent at a national level. Low-income households
also lost on average 15-20 percent of their productive assets,
compromising their prospects for recovery.

Some 30 months after Hurricane Mitch a household survey
provided insights into asset management strategies in a distress
coping environment. Almost half of all households reported a
loss of productive assets. Not surprisingly, especially in a highly
unequal country like Honduras, the value of the loss increased
with wealth: the average pre-Mitch asset value reported by the
wealthiest quartile was 11 times greater than for the poorest
quartile. However, the poorest quartile lost around one-third of the
value of their assets, compared with 7 percent for the wealthiest
quartile (see table).

Source: Carter et al. 2005; Morris et al. 2001.

In the reconstruction effort, average aid to the richest 25
percent amounted to US$320 per household—slightly more than
double the level for the poorest quartile.

Detailed analysis of post-shock asset recovery has drawn
attention to the way in which Hurricane Mitch has reinforced
asset-based inequality. When asset value growth rates over the
two-and-a-half years after Mitch were compared with the predicted
trend based on pre-Mitch data, it emerged that, while both rich and
poor were rebuilding their asset base, the net growth rate for the
poorest quartile was 48 percent below the predicted pre-Mitch trend,
whereas for the richest quartile it was only 14 percent below.

The rise in asset inequality has important implications.
Honduras is one of the most unequal countries in the world, with
a Gini index for income distribution of 54. The poorest 20 percent
account for 3 percent of national income. Asset loss among the
poor will translate into diminished opportunities for investment,
increased vulnerability and rising income inequality in the future.

Hurricane Mitch devastated the assets of the poor

Poorest Second Third Wealthiest
25% 25% 25% 25%
Share of assets lost as a result 311 13.9 12.2 7.5

of Hurricane Mitch (%)

Source: Carter et al. 2005.
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extend far into the future. Detailed household
survey analysis in Zimbabwe demonstrates
the longevity of human development impacts
linked to climate shocks. Taking a group of
children that were aged 1-2 years during a
series of droughts between 1982 and 1984,
researchers interviewed the same children
13-16 years later. They found that the drought
had reduced average stature by 2.3 centimetres,
delayed the start of school and resulted in a loss
of 0.4 years of schooling. The education losses
translated into a 14 percent loss of lifetime
carnings. Impacts in Zimbabwe were most
severe among children in households with few
livestock—the main self-insurance asset for
smoothing consumption.41

Caution must be exercised in interpreting
results from one specific case. But the Zimbabwe

experience demonstrates the transmission

O membe

Flooding is a normal part of the ecology of Bangladesh. With climate change,
‘abnormal’ flooding is likely to become a standing feature of the future ecology.
Experience following the flood event of 1998—dubbed the ‘flood of the century’—
highlights the danger that increased flooding will give rise to long term human
development setbacks.

The 1998 flood was an extreme event. In a normal year, around a quarter of the
country experiences inundation. At its peak, the 1998 flood covered two-thirds of
the country. Over 1,000 people died and 30 million were made homeless. Around
10 percent of the country’s total rice crop was lost. With the duration of the flood
preventing replanting, tens of millions of households faced a food security crisis.

Large-scale food imports and government food aid transfers averted a
humanitarian catastrophe. However, they failed to avert some major human
development setbacks. The proportion of children suffering malnutrition doubled
after the flood. Fifteen months after the flood, 40 percent of the children with poor
nutritional status at the time of the flood had still not regained even the poor level
of nutrition they had prior to the flood.

Households adjusted to the floods in several ways. Reduced spending, asset
sales and increased borrowing all featured. Poor households were more likely both
to sell assets and to take on debts. Fifteen months after the floods had receded,
household debt for the poorest 40 percent averaged 150 percent of monthly
expenditure—twice the pre-flood level.

Management of the 1998 floods is sometimes seen as a success story in
disaster management. To the extent that an even larger loss of life was averted,
that perception is partially justified. However, the flood had long term negative
impacts, notably on the nutritional status of already malnourished children. The
affected children may never be in a position to recover from the consequences.
Poor households suffered in the short term through reduced consumption and
increased illness, and through having to take on high levels of household debt—a
strategy that may have added to vulnerability.

Source: del Ninno and Smith 2003; Mallick et al. 2005.
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mechanisms from climate shocks through
nutrition, stunting and educational deprivation
into long-run human development losses.
Evidence from other countries confirms the
presence and the durability of these mechanisms.
When Bangladesh was hit by a devastating flood
in 1998, the poorest houscholds were forced into
coping strategies that led to long-term losses in
nutrition and health. Today many adults are
living with the consequences of the deprivation
they suffered as children in the immediate

aftermath of the flood (box 2.6).

From climate shocks today to
deprivation tomorrow—Ilow human
development traps in operation

The idea that a single external shock can have
permanent effects provides a link from climate
shocks—and climate change—to the relation-
ship between risk and vulnerability set out in
this chapter. The direct and immediate impact
of droughts, hurricanes, floods and other cli-
mate shocks can be ghastly. But the after-shocks
interact with wider forces that hold back the
development of human capabilities.

These after-shocks can be understood
through a poverty trap analogy. Economists
have long recognized the presence of poverty
traps in the lives of the poor. While there are
many versions of the poverty trap, they tend
to focus on income and investment. In some
accounts, poverty is scen as the self-sustain-
ing outcome of credit constraints that limit
the capacity of the poor to invest.*? Other
accounts point to a self-reinforcing cycle of low
productivity, low income, low savings and low
investments. Linked to these are poor health
and limited opportunities for education, which
in turn restrict opportunities for raising income
and productivity.

When climate disasters strike, some
households are rapidly able to restore their
livelihoods and rebuild their assets. For other
houscholds, the recovery process is slower. For
some—especially the poorest—rebuilding
may not be possible at all. Poverty traps can
be thought of as a minimum threshold for
assets or income, below which people are



unable to build productive assets, educate their
children, improve their health and nutrition
and increase income over time.*> People above
that threshold are able to manage risks in ways
that do not lead to downward cycles of poverty
and vulnerability. People below it are unable to
reach the critical point beyond which they can
escape the gravitational pull of poverty.

Analysis of income poverty traps has drawn
attention to the processes by which deprivation
is transmitted through time. By the same token,
it has underplayed the importance of human
capabilities—the wider set of attributes that
determine the choices open to people. Shifting
the focus towards capability does not mean
ignoring the role of income. Low income is
clearly a major cause of human deprivation.
However, limited income is not the only thing
that holds back the development of capabilities.
Exclusion from opportunities for basic education,
health and nutrition are sources of capability
deprivation. In turn, these are linked to lack
of progress in other dimensions, including
the ability of people to participate in decision-
making and to assert their human rights.

Like poverty traps, low human development
traps occur when people are unable to pass a
threshold beyond which they can engincer a
virtuous circle of capability expansion. Climate
shocks are among the many external factors
that sustain such traps over time. They interact
with other events—ill-health, unemployment,
conflict and disruptions in markets. While
these are important, climate shocks are among
the most potent forces sustaining low human
development traps.

Research carried out for this Report provides
evidence of low human development traps
in operation. In order to track the impact of
climate shocks across time in the lives of those
affected, we developed an econometric model
to explore microlevel houschold survey data
(Technical Note 2). We looked at specific human
development outcomes associated with an
identified climate shock. What difference does it
make to the nutritional status of children if they
were born during a drought? Using our model
we addressed that question for several countries

that face recurrent droughts. The resules

demonstrate the damaging impact of drought

on the life chances of affected children:

e In Ethiopia, children aged five or less are
36 percent more likely to be malnourished
and 41 percent more likely to be stunted if
they were born during a drought year and
affected by it. This translates into some
2 million ‘additional’ malnourished children.

e For Kenya, being born in a drought year
increases the likelihood of children being
malnourished by 50 percent.

e In Niger, children aged two or under who
were born during a drought year and were
affected by it are 72 percent more likely to
be stunted, pointing to the rapid conversion
of droughts into severe nutritional deficits.
These findings have important implications

in the context of climate change. Most obvi-

ously, they demonstrate that the inability of
poor houscholds to cope with ‘current’ climate
shocks is already a major source of human
capability erosion. Malnutrition is not an afflic-
tion that is shaken off when the rains return
or the flood waters recede. It creates cycles of
disadvantage that children will carry with them
throughout their lives. Indian women born
during a drought or a flood in the 1970s were

19 percent less likely to ever attend primary

school, when compared with women the same

age who were not affected by natural disasters.

The incremental risks associated with climate

change have the potential to reinforce these

cycles of disadvantage.

We stress the word ‘potential’. Not every
drought is the prelude to famine, malnutrition
or educational privation. And not every climate
shock gives rise to the distress sale of assets,
long-run increases in vulnerability or the spread
of low human development traps. This is an area
in which public policies and public institutions
makeadifference. Governments can play a critical
role in creating mechanisms that build resilience,
support pro-poor risk management and reduce
vulnerability. Policies in these areas can create an
enabling environment for human development.
With climate change, international cooperation
on adaptation is a key condition for scaling-up
these policies to meet incremental risks—an

issue to which we return in chapter 4.
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Governments can play

a critical role in creating
mechanisms that build
resilience, support
pro-poor risk management

and reduce vulnerability
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Developing countries are
likely to become more
dependent on imports

from the rich world, with

their farmers losing market

shares in agricultural trade

2.2 Looking ahead—old problems and new climate

change risks

“Prediction is very difficult, especially if it’s
about the future,” commented the Danish
physicist and Nobel laureate Niels Bohr. The
observation applies with special force to climate.
However, while specific events are uncertain,
changes in average conditions associated with
climate change can be predicted.

The IPCC’s Fourth Assessment Report
provides a best-estimate set of projections
for future climate. These projections are not
weather forecasts for individual countries.
What they offer is a range of probabilities for
broad changes in climate patterns. The underly-
ing story has important implications for human
development. Over the decades ahead there will
be a steady increase in human exposure to such
events as droughts, floods and storms. Extreme
weather events will become more frequent and
more intense, with less certainty and predict-
ability in the timing of monsoons and rainfall.

In this section we provide an overview of
the links from the IPCC’s projections to human
development outcomes.** We focus on ‘likely’
and ‘very likely” outcomes for climate, defined
respectively as results with an occurrence prob-
ability in excess of 66 and 90 percent.”> While
these outcomes relate only to average global and
regional conditions, they help to identify emerg-
ing sources of risk and vulnerability.

Agricultural production
and food security

IPCC projection: Increases in precipitation
in high latitudes and decreases in sub-tropi-
cal latitudes, continuing the current pattern
of drying in some regions. Warming is likely
to be above the global average throughout
sub-Saharan Africa, eastern Asia and South
Asia. In many water-scarce regions, climate
change is expected to further reduce water
availability through increased frequency of
droughts, increased evaporation and changes
in patterns of rainfall and runoff.#¢
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Human development projection: Major losses
in agricultural production leading to increased
malnutrition and reduced opportunities for
poverty reduction. Overall, climate change will
lower the incomes and reduce the opportunities
of vulnerable populations. By 2080, the number
ofadditional people at risk of hunger could reach
600 million—twice the number of people living
in poverty in sub-Saharan Africa today.?’
Global assessments of the impact of climate
change on agriculture obscure very large
variations across and even within countries.
In broad terms, climate change will increase
the risks to and reduce the productivity of
developing country agriculture. In contrast,
production could be boosted in developed
countries, so that the distribution of world food
production may shift. Developing countries are
likely to become more dependent on imports
from the rich world, with their farmers losing
market shares in agricultural trade.*s
Emerging patterns of climate change risk
in agriculture will have important implica-
tions for human development. Around three
in every four people in the world living on less
than US$1 a day reside in rural areas. Their
livelihoods depend on smallholder agriculture,
farm employment, or pastoralism.*’ The same
constituency also accounts for most of the 800
million people in the world who are malnour-
ished. Climate change impacts on agriculture
will thus have important multiplier effects.
Agricultural production and employment
underpin many national economies (table 2.4).
The agricultural sector accounts for over one-
third of export carnings in around 50 developing
countries and for almost half of employment in
the developing world.>® In sub-Saharan Africa
in particular, economic growth rates are closely
tied to rainfall, as demonstrated by the experi-
ence of Ethiopia (figure 2.5). Moreover, every
US$1 generated in agriculture in sub-Saharan
Africa is estimated to generate up to US$3 in

the non-agricultural sector.’!



Climate modelling exercises point to very
large changes in production patterns. One
study has averaged out the findings of six such
exercises, identifying changes in output poten-
tial for the 2080s.52 The results paint a worrying
picture. At global level, aggregate agricultural
output potential will be relatively little affected
by climate change. However, the average masks
significant variations. By the 2080s, agricultural
potential could increase by 8 percent in devel-
oped countries, primarily as a result of longer
growing seasons, while in the developing world
it could fall by 9 percent, with sub-Saharan
Africa and Latin America projected to experi-
ence the greatest losses (figure 2.6).

Sub-Saharan Africa—a region at risk

As the world’s poorest and most rainfall-depen-
dent region, sub-Saharan Africa is a cause for
special concern. Across the region, agricultural
producers are operating with limited resources
in fragile environments sensitive to even minor
shifts in temperature and rainfall patterns. In
dryland areas sophisticated intercropping sys-
tems—maize and beans, cowpea and sorghum,
and millet and groundnut, for example—have
been developed to manage risk and sustain
livelihoods. Climate change poses a direct

Income variability trails rainfall
variability in Ethiopia
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Source: World Bank 2006e.

Agriculture plays a key role in developing regions

Agricultural value added

Agricultural labour force

(% of GDP) (% of total labour force)
2005 2004
Arab States 7 29
East Asia and the Pacific 10 58
Latin America and the Caribbean 7 18
South Asia 17 655)
Sub-Saharan Africa 16 58

Source: Column 1: World Bank 2007d; column 2: WRI 2007b.

threat to these systems and to the livelihoods
that they sustain.

Part of that threat comes from expansion
of the area vulnerable to drought, as projected
by the Hadley Centre for Climate Change
(map2.1). Arid and semi-arid areas are projected
to increase by 60-90 million hectares. By
2090, in some regions, climate change has the
potential to cause extreme damage. Southern
Africa faces especially acute threats: yields from
rainfed agriculture could be reduced by up to 50
percent between 2000 and 2020, according to
the IPCC.33

Dryland agricultural systems will register
some of the most damaging impacts from
climate change. One study has looked at the
potential implications for dryland areas in

Climate change will hurt
developing countries’ agriculture
Change in agricultural output potential
(2080s as % of 2000 potential)

Industrial countries -
. World
- Developing countries

‘ Asia
| Middle East and North Africa
| ‘ Latin America
| ‘ Africa
-20 -10 0 10 20

Source: Cline 2007.
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- Drying out: Africa’s drought area is expanding

Drought severity under IPCC scenario A2 (change relative to 2000 by 2090)
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Palmer Drought
Severity Index

Note: The boundaries shown and the designations used on this map do not imply official endorsement or acceptance by the

United Nations.

IPCC scenarios describe plausible future patterns of population growth, economic growth, technological change and
associated CO, emissions. The A1 scenarios assume rapid economic and population growth combined with reliance on fossil
fuels (A1FI), non-fossil energy (A1T) or a combination (A1B ). The A2 scenario, used here, assumes lower economic growth,
less globalization and continued high population growth. A negative change in the Palmer Drought Severity Index, calculated
based on precipitation and evaporation projections, implies more severe droughts.

Source: Met Office 2006.

sub-Saharan Africa of a 2.9°C increase in
temperature, coupled with a4 percent reduction
in rainfall by 2060. The result: a reduction in
revenue per hectare of about 25 percent by 2060.
In 2003 prices, overall revenue losses would
represent around US$26 billion in 2060 >—a
figure in excess of bilateral aid to the region in
2005. More broadly, the danger is that extreme
food insecurity episodes, such as those that have
frequently affected countries like Malawi, will
become more common (box 2.7).

Cash crop production in many countries
could be compromised by climate change. With
an increase of 2°C in average temperatures, it is
projected that the land area available for growing
coffee in Uganda will shrink.>> This is a sector
that accounts for a large share of cash income
in rural areas and figures prominently in export
carnings. In some cases, modelling exercises
produce optimistic results that mask pessimistic
processes. For example, in Kenya it would be

HUMAN DEVELOPMENT REPORT 2007/2008

possible to maintain tea production—but not
in current locations. Production on Mount
Kenya would have to move up to higher slopes
currently occupied by forests, suggesting that
environmental damage could be a corollary of
sustained production.>®

Climate change on the scale projected for
sub-Saharan Africa will have consequences
that extend far beyond agriculture. In some
countries, there are very real dangers that
changed climate patterns will become drivers
for conflict. For example, climate models for
Northern Kordofan in Sudan indicate that
temperatures will rise by 1.5°C between 2030
and 2060, with rainfall declining by 5 per-
cent. Possible impacts on agriculture include
a 70 percent drop in yields of sorghum. This
is against the backdrop of a long-term decline
in rainfall that, coupled with overgrazing, has
seen deserts encroach in some regions of Sudan
by 100 kilometres over the past 40 years. The
interaction of climate change with ongoing
environmental degradation has the potential
to exacerbate a wide range of conflicts, under-
mining efforts to build a basis for long-term
peace and human security.”’

The wider threats

These extreme threats facing sub-Saharan
Africa should not distract from wider risks for
human development. Climate change will have
important but uncertain consequences for rain-
fall patterns across the developing world.

Large uncertainties surround the El Nino/
Southern Oscillation (ENSO)—an ocean-—at-
mosphere cycle that spans a third of the globe.
In broad terms, El Nifio increases the risk of
drought across southern Africa and large areas
of South and East Asia, while increasing hurri-
cane activity in the Atlantic. Research in India
has found evidence of links between El Nifio
and the timing of the monsoon, on which the vi-
ability of entire agricultural systems depends.>®
Even small changes in monsoon intensity and
variability could have dramatic consequences
for food security in South Asia.

Global projections of climate change can
obscure important local effects. Consider
the case of India. Some projections point to
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Climate change models paint a bleak picture for Malawi. Global
warming is projected to increase temperatures by 2-3°C by
2050, with a decline in rainfall and reduced water availability. The
combination of higher temperatures and less rain will translate into
a marked reduction in soil moisture, affecting the 90 percent of
smallholder farmers who depend on rainfed production. Production
potential for maize, the main smallholder food crop, which in a
normal year is the source of three-quarters of calorie consumption,
is projected to fall by over 10 percent.

It is hard to overstate the implications for human development.
Climate change impacts will be superimposed on a country marked
by high levels of vulnerability, including poor nutrition and among
the world’s most intense HIV/AIDS crisis: almost one million people
are living with the disease. Poverty is endemic. Two in every three
Malawians live below the national poverty line. The country ranks
164 out of the 177 countries measured in the HDI. Life expectancy
has fallen to about 46 years.

Successive droughts and floods in recent years have
demonstrated the added pressures that climate change could
generate. In 2001/2002, the country suffered one of the worst
famines in recent living memory as localized floods cut maize
output by one-third. Between 500 and 1,000 people in the central
and southern part of the country died during the disaster or in the
immediate aftermath. Up to 20,000 are estimated to have died
as an indirect result of associated malnutrition and disease. As
maize prices rose, malnutrition increased: from 9 percent to 19
percent between December 2001 and March 2002 in the district
of Salima.

The 2001/2002 drought undermined coping strategies. People
were forced not just to cut back on meals, withdraw children from
school, sell household goods and increase casual labour, but also
to eat seeds that would have been planted and exchange productive

assets for food. As a result, many farmers had no seed to plant in
2002. In 2005, the country was again in the grip of a crisis caused
by drought, with more than 4.7 million people out of a population
of over 13 million experiencing food shortages.

Climate change threatens to reinforce the already powerful
cycles of deprivation created by drought and flood. Incremental
risks will be superimposed upon a society marked by deep vulner-
abilities. In a ‘normal’ year, two-thirds of households are unable to
produce enough maize to cover household needs. Declining soil
fertility, associated with limited access to fertilizer, credit and other
inputs, has reduced maize production from 2.0 tonnes per hectare
to 0.8 tonnes over the past two decades. Productivity losses linked
to reduced rainfall will make a bad situation far worse.

Apart from its immediate consequences for health, HIV/AIDS
has created new categories of vulnerable groups. These include
households lacking adult labour or headed by elderly people or chil-
dren, and households with sick family members unable to maintain
production. Women are faced with the triple burden of agricultural
production, caring for HIV/AID victims and orphans, and collecting
water and firewood. Almost all HIV/AIDS-affected households cov-
ered in a survey of the Central region reported reduced agricultural
production. HIV/AIDS-affected groups will be in the front line facing
incremental climate change risks.

For a country like Malawi climate change has the potential to
produce extreme setbacks for human development. Even very
small increments to risk through climate change can be expected to
create rapid downwards spirals. Some of the risks can be mitigated
through better information, flood management infrastructure and
drought-response measures. Social resilience has to be developed
through social provision, welfare transfers and safety nets that raise
the productivity of the most vulnerable households, empowering
them to manage risk more effectively.

Source: Devereux 2002, 2006c; Menon 2007a; Phiri 2006; Republic of Malawi 2006.

substantial aggregate increases in rainfall for
the country as a whole. However, more rain is
likely to fall during intense monsoon periods
in already rain-abundant parts of the country
(creating increased risk of flooding), while
other large areas will receive less rainfall. These
include drought-prone areas in Andhra Pradesh,
Gujarat, Madhya Pradesh and Rajasthan.
Microlevel climate research for Andhra Pradesh
shows temperatures rising by 3.5°C by 2050,
leading to a decline of 8-9 percent in yields for
water-intensive crops such as rice.?

Losses on this scale would represent a
source of greatly increased vulnerability in
rural livelihoods. Falling production would

reduce the amount of food grown by house-
holds for their own consumption, cut supplies
to local markets and diminish opportunities
for employment. This is another area in
which evidence from the past can cast light
on future threats. In Andhra Pradesh, one
survey covering eight districts in dryland
areas found that droughts occurred on aver-
age once every 3—4 years, leading to losses in
output value of 5-10 percent. This is enough
to push many farmers below the poverty line.
Models for farm income in India as a whole
suggest that a 2-3.5°C temperature increase
could be associated with a net farm revenue
reduction of 9-25 percent.®

HUMAN DEVELOPMENT REPORT 2007/2008

93

|

Im

pl4om |enbaun ue ul A3ijigeJau|nNA pue }sid :S}00ys ajewl|]



l

|

Climate shocks: risk and vulnerability in an unequal world

94

Losses of productivity
linked to climate change
will increase inequalities

between rainfed and
commercial producers,
undermine livelihoods and
add to pressures that are

leading to forced migration

The implications of this projection
should not be underestimated. While India
is a high- growth economy, the benefits have
been unequally shared and there is a large
human development backlog. Around 28
percent of the population, some 320 million
people, live below the poverty line, with
three-quarters of the poor in rural areas.
Unemployment among rural labourers, one
of the poorest groups, is increasing, and
almost half of rural children are underweight
for their age.®® Superimposing incremental
climate change risks on this large human
development deficit would compromise the
ambition of ‘inclusive growth’ set out in
India’s Eleventh Five—Year Plan.

Projections for other countries in South

Asia are no more encouraging:

e Climate scenario exercises for Bangladesh
suggest that a 4°C temperature increase
could reduce rice production by 30 percent
and wheat production by 50 percent.®?

e In Pakistan, climate models simulate agri-
cultural yield losses of 6—9 percent for wheat
with a 1°C increase in temperature.®
National projections for climate change in

other regions confirm potentially large-scale
economic losses and damage to livelihoods.
In Indonesia, climate models simulating the
impact of temperature changes, soil moisture
content and rainfall on agricultural productiv-
ity show a wide dispersion of results, with yields
falling by 4 percent for rice and 50 percent for
maize. Losses will be especially marked in
coastal areas where agriculture is vulnerable to
salt water incursion.*

In Latin America, smallholder agriculture
is particularly vulnerable, partly because of
limited access to irrigation and partly because
maize, a staple across much of the region, is
highly sensitive to climate. There is considerable
uncertainty in climate model projections for
crop production. However, recent models point
to the following as plausible outcomes:

e Smallholder losses for maize yields averag-
ingaround 10 percent across the region, but
rising to 25 percent for Brazil.®

e Losses for rainfed maize production will
be far higher than for irrigated production
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with some models predicting losses of up to

60 percent for Mexico.®

e Increased soil erosion and desertification
caused by increased rainfall and higher
temperatures in southern Argentina, with
heavy precipitation and increased exposure
to flooding damaging production of soya in
the central humid Pampas.®’

Changes in agricultural production linked
to climate change will have important implica-
tions for human development in Latin America.
While agriculture accounts for a shrinking share
of regional employment and GDDP, it remains
the source of livelihood for a large section of the
poor. In Mexico, for example, around 2 million
low-income producers depend on rainfed maize
cultivation. Maize is the main food staple for
producers in the ‘poverty-belt’ states of southern
Mexico, such as Chiapas. Productivity in these
states is currently around a third of the level in
irrigated commercial agriculture, holding back
poverty reduction efforts. Losses of productivity
linked to climate change will increase inequali-
ties between rainfed and commercial producers,
undermine livelihoods and add to pressures that

are leading to forced migration.
Water stress and scarcity

IPCC projection: Changing climate patterns
will have important implications for water
availability. It is very likely that mountain
glaciers and snow cover will continue to retreat.
With rising temperatures, changes in runoff
patterns and increased water evaporation,
climate change will have a marked impact on
the distribution of the world’s water—and on
the timing of flows.

Human development projection: Large areas
of the developing world face the imminent
prospect of increased water stress. Flows of water
for human settlements and agriculture are likely
to decrease, adding to already acute pressures
in water-stressed areas. Glacial melting poses
distinctive human development threats. In the
course of the 21* Century water supply stored
in glaciers and snow cover will decline, posing
immense risks for agriculture, the environment
and human settlements. Water stress will figure



prominently in low human development traps,
eroding the ecological resources on which
the poor depend, and restricting options for
employment and production.

Water is a source of life and livelihoods. As
we showed in the Human Development Report
2006, it is vital to the health and well-being
of houscholds and an essential input into
agriculture and other productive activities.
Secure and sustainable access to water—water
security in its broadest sense—is a condition
for human development.

Climate change will be superimposed on
wider pressures on water systems. Many river
basins and other water sources are already
being unsustainably ‘mined’. Today, around
1.4 billion people live in ‘closed’ river basins
where water use exceeds discharge levels,
creating severe ecological damage. Symptoms of
water stress include the collapse of river systems
in northern China, rapidly falling groundwater
levels in South Asia and the Middle East, and
mounting conflicts over access to water.

Dangerous climate change will intensify
many of these symptoms. Over the course of
the 21°° Century, it could transform the flows of
water that sustain ecological systems, irrigated
agriculture and supplies of houschold water. In
aworld that is already facing mounting pressure
on water resources, climate change could add
around 1.8 billion people to the population
living in a water-scarce environment—defined
in terms of a threshold of 1000 cubic metres per
capita per annum—by 2080.%

Scenarios for the Middle East, already the
world’s most water-stressed region, point in
the direction of increasing pressure. Nine out
of fourteen countries in the region already have
average per capita water availability below the
water scarcity threshold. Decreased precipitation
is projected for Egypt, Isracl, Jordan, Lebanon
and Palestine. Meanwhile, rising temperatures
and changes in runoff patterns will influence
the flow of rivers upon which countries in
the region depend. The following are among
the findings to emerge from national climate
modelling exercises:

e InLebanon,al.2°Cincreasein temperature

is projected to decrease water availability

by 15 percent because of changed runoff

patterns and evaporation.®’

e In North Africa even modest temperature
increases could dramatically change water
availability. For example, a 1°C increase
could reduce water runoff in Morocco’s
Ouergha watershed by 10 percent by
2020. If the same results hold for other
watersheds, the result would be equivalent
to losing the water contained by one large
dam each year.”®

e Projections for Syria point to even deeper
reductions: a 50 percent decline in renew-
able water availability by 2025 (based on
1997 levels).”!

Climate change scenarios for water in the
Middle East cannot be viewed in isolation.
Rapid population growth, industrial develop-
ment, urbanization and the need for irrigation
water to feed a growing population are already
placing immense pressure on water resources.
The incremental effects of climate change
will add to that pressure within countries,
potentially giving rise to tensions over water
flowing between countries. Access to the waters
of the River Jordan, cross-border aquifers, and
the River Nile could become flashpoints for
political tensions in the absence of strengthened

water-management systems.

Glaciers in retreat

Glacial melting poses threats to more than
40 percent of the world’s population.”?
The precise timing and magnitude of these
threats remains uncertain. However, they
are not a distant prospect. Glaciers are already
melting at an accelerating rate. That trend
is unlikely to be reversed over the next two
to three decades, even with urgent mitigation.
Climate change scenarios point to increased
flows in the short term, followed by long term
drying.

The thousands of glaciers located across
the 2,400 kilometres of the Himalayan range
are at the epicentre of an emerging crisis. These
glaciers form vast water banks. They store water
and snow in the form of ice, building up stores
during the winter and releasing them during the

summer. The flow sustains river systems that are

Climate change will be
superimposed on wider
pressures on water systems.
Many river basins and other
water sources are already

being unsustainably ‘mined’

HUMAN DEVELOPMENT REPORT 2007/2008

plJom |enbaun ue ul A31IgeJdauiNA pue ysid :S300ys ajewi|) IN I



l

|

Climate shocks: risk and vulnerability in an unequal world

The past 25 years have seen
some glacier systems in the
tropics transformed. Their
impending disappearance
has potentially disastrous
implications for

economic growth and

human development

the lifeblood of vast ecological and agricultural
systems.

Himalayas is a Sanskrit word that
translates as ‘abode of snow’. Today the glacial
abode, the largest mass of ice outside of the
polar caps, is shrinking at a rate of 10-15
metres a year.”> The evidence shows the pace
of melting to be uneven. But the direction of
change is clear.

At current rates two-thirds of China’s
glaciers—including Tien Shan—will disappear
by 2060, with total melting by 2100.7* The
Gangotri glacier, one of the main water
reservoirs for the 500 million people living in
the Ganges basin, is shrinking by 23 metres
a year. One recent study by the Indian Space
Research Organisation, using satellite images
and covering 466 glaciers, found a 20 percent
reduction in size. Glaciers on the Qinghai-Tibet
plateau, a barometer of world climate conditions
and the source of the Yellow and Yangtze rivers,
have been melting by 7 percent a year.”> With
any climate change scenario in excess of the 2°C
dangerous climate change threshold, the rate of
glacial retreat will accelerate.

Accelerated glacial melt creates some imme-
diate human development risks. Avalanches and
floods pose special risks to densely populated
mountain regions. One of the countries facing
severe risks today is Nepal, where glaciers are
retreating at a rate of several metres each year.
Lakes formed by melting glacier waters are
expandingat an alarming rate—the Tsho Rolpa
Lake being a case in point, having increased
more than sevenfold in the last 50 years. A
comprehensive assessment completed in 2001
identified 20 glacial lakes that could potentially
burst their banks, with catastrophic conse-
quences for people, agriculture and hydropower
infrastructure, unless urgent action is taken. 7°

As glacial water banks are run down, water
flows will diminish. Seven of Asia’s great river
systems—the Brahmaputra, the Ganges, the
Huang He, the Indus, the Mekong, the Salween
and the Yangtze—will be affected. These river
systems provide water and sustain food supplies
for over 2 billion people.””

e The flow of the Indus, which receives nearly

90 percent of its water from upper mountain
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catchments, could decline by as much as 70

percent by 2080.

e The Ganges could lose two-thirds of
its July—September flow, causing water
shortages for over 500 million people and
one-third of India’s irrigated land area.

e DProjections for the Brahmaputra point to
reduced flows of between 14 and 20 percent
by 2050.

e In Central Asia, losses of glacial melt into
the Amu Darya and Syr Darya rivers could
restrict the flow of water for irrigation into
Uzbekistan and Kazakhstan, and compro-
mise plans to develop hydroelectric power
in Kyrgyzstan.

Climate change scenarios for glacial melting
will interact with already severe ecological
problems and put pressure on water resources.
In India, competition between industry and
agriculture is creating tensions over the allocation
of water between states. Reduced glacial flows
will intensify those tensions. Northern China
is already one of the world’s most water-stressed
regions. In parts of the Huai, Hai and Huang
(Yellow) basins (the ‘3-H’ river basins) current
water extraction is 140 percent of rencwable
supply—a fact that explains the rapid shrinkage
of major river systems and falling groundwater
tables. Over the medium term, changed glacial
melting patterns will add to that stress. Inan area
that is home to around half of China’s 128 million
rural poor, contains about 40 percent of the
country’s agricultural land area and accounts for
one-third of GDP, this has serious implications
for human development (box 2.8).”

Tropical glaciers are also shrinking
Tropical glaciers are retreating even more rapidly
than those in the Himalayas. In the lifetime of
a glacier, a quarter of a century represents the
blink of an eye. But the past 25 years have seen
some glacier systems in the tropics transformed.
Their impending disappearance has potentially
disastrous implications for economic growth
and human development.

Surveys by geologists suggest that the
rate at which Latin America’s glaciers are
retreating is increasing. There are 2,500
square kilometres of glaciers in the tropical
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Over the past two decades China has emerged as the manufacturing
workshop of the world. Rapid economic growth has gone hand-in-hand
with a steep decline in poverty and improving human development
indicators. Yet China is highly vulnerable to climate change.

By 2020 average temperatures in China are projected to be
between 1.1 and 2°C above 1961-1990 levels. In a country as vast as
China, spanning several climatic zones, the effects will be complex
and diverse. However, a National Climate Change Assessment
predicts more droughts, spreading deserts and reduced water
supplies. Projections for agriculture suggest that the production
of rice, maize and wheat could fall by 10 percent by 2030, and by
up to 37 percent during the second half of the century because of
climate-related factors.

As in other countries, climate change in China will interact with
underlying stresses. The river systems of northern China provide a
powerful demonstration of the ecological pressures generated by
rapid economic growth. The Hai, Huai and Huang (Yellow) River
Basins (the 3-H river basins) supply just under half of China’s
population with water. With the growing demands of industry, urban
centres and agriculture, water is being withdrawn from the basins
at twice the rate of replenishment. The result: rivers that no longer
reach the sea and sinking groundwater tables.

Any reduction in water flows through the 3-H basins could
rapidly turn an ecological crisis into an outright social and economic
disaster. Around one-third of China’s GDP originates in the basins,
along with a large share of its grain production. One in every two
of the rural poor lives here—most of them directly dependent on
agriculture. As drought, rising temperatures and reduced runoff
under climate change take effect, an obvious danger is that the
adjustment costs will be borne first by the poor.

In western China entire ecological systems are under threat.
Projected temperature increases for this region are 1-2.5°C by

2050. The Qinghai-Tibet plateau covers a landmass the size of
Western Europe and contains more than 45,000 glaciers. These
glaciers are retreating at the dramatic rate of 131.4 square
kilometres annually. On current trends, most will disappear
altogether by the end of the century.

What is happening to China’s glaciers constitutes a national
ecological security crisis of the first order. In the short term,
increased flows of water from ice melt are likely to lead to more
flooding. In the long term, the retreat of the glaciers will deprive
communities living in the mountains of their water and transform
large swathes of China’s environment. Desertification will gather
pace as rising temperatures and unsustainable land-use practices
continue to accelerate to soil erosion. Events such as the 13 major
dust-storms recorded in 2005, one of which deposited 330,000
tonnes of sand in Beijing, will become more common. Meanwhile,
flows into the Yangtze, the Yellow and other rivers that originate
on the Qinghai-Tibet plateau will decline, adding to the stress on
water-based ecological systems.

It is not only rural environments that stand to suffer. The city
of Shanghai is particularly vulnerable to climate-related hazards.
Located at the mouth of the Yangtze river, at an elevation of only 4
metres above sea level, the city faces acute flood risks. Summer
typhoons, storm surges and excessive river runoff contribute to
extreme flooding.

All of Shanghai’s 18 million residents face the risk of flooding.
Rising sea levels and increased storm surges have put the coastal
city on the danger list. However, vulnerability is heavily concentrated
among the estimated 3 million temporary residents who have
migrated from rural areas. Living in transient encampments around
construction sites or in flood-prone areas, and with limited rights
and entitlements, this population is faced with a high exposure to
risk with extreme vulnerability.

Source: Cai 2006; O’Brien and Leichenko 2007; People’s Republic of China 2007; Shen and Liang 2003.

Andes, of which 70 percent are located in Peru
and 20 percent in Bolivia. The remaining
mass is accounted for by Colombia and
Ecuador. Since the early 1970s, it is estimated
that, the surface area of glaciers in Peru has
declined between 20 and 30 percent, with
the Quelcayya ice cap in the vast Cordillera
Blanca range losing almost a third of its area.
Some of the smaller glaciers in Bolivia have
already disappeared (figure 2.7). Research
by the World Bank predicts that many of the
lower glaciers in the Andes will be a matter
for the history books within a decade.”

One immediate danger is that melting ice
will lead to the formation of larger glacial lakes,

leading to increased risk of flooding, avalanches,
mudslides and the bursting of dams. The warning
signs are already evident: for example, the surface
area of Lake Safuna Alta, in the Cordillera
Blanca in Peru, has increased by a factor of five
since 1975.8° Many basins fed by glaciers have
experienced an increase in runoff in recent years.
However, models predict a rapid fall-off in flows
after 2050, especially in the dry season.

This is a particular concern for Peru.
Populations living in arid coastal areas, includ-
ing the capital Lima, depend critically on water
supplies from melting glaciers in the Andes. In
a country that is already struggling to provide
basic water services to urban populations, glacial
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Latin America’s
retreating glaciers

o

Peru
2006 1,370sq.km 1970 1,958sq.km

@

Bolivia
2006 396sg.km 1975 562sq.km

@

Ecuador
2006 79sq.km 1976 113sq.km

@

Colombia
2006 76sq.km 1950 109sq.km
(6}

Venezuela
2006 2sq.km 1950 3sq.km

Source: Painter 2007, based on data from the Andean Community.

melting poses a real and imminent threat to
human development (box 2.9).

Rising seas and exposure to
extreme weather risks

The IPCC projection: It is likely that tropical
cyclones—typhoons and hurricanes—will
become more intense as oceans warm, with
higher peak speeds and heavier precipitation.
All typhoons and hurricanes are driven by
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energy released from the sea—and energy levels
will rise. One study has found a doubling of
power dissipation in tropical cyclones over the
past three decades.?! Sea levels will continue to
rise, though there is uncertainty about by how
much. Oceans have absorbed over 80 percent
of the increased heat generated by global
warming, locking the world into continued
thermal expansion.®? Drought and floods will
become more frequent and widespread across
much of the world.

The human development projection: Emergingrisk
scenarios threaten many dimensions of human
development. Extreme and unpredictable weather
events are already a major source of poverty. They
bring near-term human insecurity and destroy
long-term efforts aimed at raising productivity,
improving health and developing education,
perpetuating the low human development traps
described earlier in this chapter. Many countries
have large and highly vulnerable populations that
will face a steep increase in climate-related risks,
with people living in coastal areas, river deltas,
urban slums and drought-prone regions facing
immediate threats.

Climate change is only one of the forces
that will influence the profile of risk exposure
in the decades ahead. Other global processes—
ecological stress, urbanization and population
growth among them—will also be important.
However, climate change will reconfigure
patterns of risk and vulnerability across many
regions. The combination of increasing climate
hazards and declining resilience is likely to
prove a lethal mix for human development.

Any increase to climate-related risk
exposure has to be assessed against the backdrop
of current exposure. That backdrop includes the
following numbers of people facing climate-
related hazards:%3
o 344 million exposed to tropical cyclones;

e 521 million exposed to floods;
e 130 million exposed to droughts;
e 2.3 million exposed to landslides.

As these figures indicate, even small
increases to risk over time will affect very
large numbers of people. Like climate change
itself, the potential linkages between changing
weather patterns and evolving trends in risk
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For centuries, the runoff from glaciers in the Andean range has
watered agricultural lands and provided human settlements with a
predictable flow of water. Today, the glaciers are among the early
casualties of climate change. They are melting fast—and their
impending disappearance has potentially negative implications for
human development in the Andean region.

Peru and Bolivia are the location for the world’s largest expanse
of tropical glaciers—around 70 percent of the total for Latin America
is in Peru and 20 percent in Bolivia. These countries are also home
to some of the largest concentrations of poverty and social and
economic inequalities in Latin America—the world’s most unequal
region. Glacial melt threatens not just to diminish water availability,
but to exacerbate these inequalities.

Geography is part of the explanation for the risks now facing
countries like Peru. Eastern Peru has 98 percent of the country’s
water resources, but two in every three Peruvians live on the western
desert coast—one of the world’s most arid regions. Urban water
supplies and economic activity are sustained by some 50 rivers
flowing from the Andes, with around 80 percent of the fresh water
resources originating from snow or glacial melt. Glacier-fed surface
waters constitute the source of water, not only for many rural areas
but also for major cities and hydroelectric power generation.

Peru has registered some of the most rapid rates of glacial
retreat in the world. Between 20 and 30 percent of the glacial
surface area has been lost in the last three decades. That area is
equivalent to the total glacial surface in Ecuador.

The capital city Lima, with a population of nearly 8 million, is
on the coast. Lima gets its water from the Rio Rimac and other
rivers in the Cordillera Central, all of which depend to varying
degrees on glacial melt. There is already a large gap between
supply and demand for water. Overall population is growing
at 100,000 a year, driving up demand for water. Rationing is
already common in the summer. With limited reservoir storage
and exposure to drought increasing, the city would face more
rationing in the short term.

Rapid glacial recession in the vast Cordillera Blanca, in the
northern Andes, would call into question the future of agriculture,
mining, power generation and water supplies across large areas.
One of the rivers nourished by the Cordillera Blanca is the Rio
Santa. The river sustains a wide array of livelihoods and economic
activity. At altitudes of between 2,000 and 4,000 metres, the river
delivers the water that irrigates mostly small-scale agriculture. In
the lower valleys it irrigates large-scale commercial agriculture,
including two large irrigation projects for export crops. Its flow
generates hydroelectric power and delivers drinking water to two
major urban areas on the Pacific coast—Chimbote and Trujillo—
with a combined population of more than one million people.

The problem is that up to 40 percent of the dry season discharge
from the Rio Santa originates in melting ice that is not being replenished
through annual precipitation. Major economic losses and damage
to livelihoods could result. The Chavimochic irrigation scheme on
the Rio Santa has contributed to a remarkable national boom in
non-traditional agriculture. Total exports from the sector increased from
US$302 million in 1998 to US$1 billion in 2005. The boom has been
sustained by water-intensive products such as artichokes, asparagus,
tomatoes and other vegetables. Glacial melting threatens to erode
the viability of investments in irrigation, undermining employment and
economic growth in the process.

Monitoring the retreat of tropical glaciers in the Peruvian
Andes is relatively straightforward. Developing a response is more
challenging. Compensating for the loss of glacial flows in the medium
term will require billions of dollars of investment in the construction
of tunnels beneath the Andes. Compensating for power losses
will require investments in thermal power generation estimated by
the World Bank at US$1.5 billion. The price tag points to tough
questions about cost sharing at both the domestic and international
levels. People in Peru are not responsible for glacial melting: they
account for 0.1 percent of the world’s carbon emissions. Yet they
face the prospect of paying a high financial and human price for the
far higher carbon emissions of other countries.

Source: Carvajal 2007; CONAM 2004; Coudrain, Francou and Kundzewicz 2005; Painter 2007.

and vulnerability are complex. They are also
non-linear. There is no ready-made calculus for
assessing the human development impact of a
2-metre sea-level rise coupled with an increase
in tropical storm intensity. But it is possible to
identify some of the linkages and transmission
mechanisms.

Drought

Increased exposure to drought is of particular
concern in sub-Saharan Africa, though other
regions, including South Asia and Latin
America, could also be affected. Agricultural

production is likely to suffer in these regions,
especially those dominated by rainfed
production. In sub-Saharan Africa, the arcas
suitable for agriculture, the length of growing
seasons and the yield potential of food staples
are all projected to decline (see section on
Agricultural production and food security
above). By 2020, between 75 million and 250
million more people in sub-Saharan Africa
could have their livelihoods and human
development prospects compromised by a
combination of drought, rising temperature

and increased water stress.34
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Floods and tropical storms

There are large margins of uncertainty in

projections for populations exposed to risk

from flooding.®> Accelerated disintegration of
the West Antarctic ice sheet could multiply sea-
level rises by a factor of five over and above the
ceiling predicted by the IPCC. However, even
more benign scenarios are a source of concern.
One model using an IPCC scenario for
high population growth estimates the number
of additional people experiencing coastal
flooding at 134-332 million for a 3-4°C rise
in temperature.®® Factoring in tropical storm
activity could increase the numbers affected to

371 million by the end of the 21** Century.?”

Among the consequences of a 1-metre rise in

sea levels:

e In Lower Egypt, possible displacement of 6
million people and flooding of 4,500km” of
farmland. This is a region marked by high
levels of deprivation in many rural areas,
with 17 percent of the population—some

4 million people—living below the poverty

line.%8

o 'Thedisplacement of up to 22 million people
in Viet Nam, with losses of up to 10 percent
of GDP. Floodingand more intensive storms
could slow human development progress
in major population areas, including the
Mekong Delta (box 2.10).

e InBangladesh, one metrerise in sealevel would
innundate 18 percent of land area, directly
threatening 11 percent of the population.
The impact on river levels from sea rises could
affect over 70 million people.®”

While most of the people affected by rising
sea levels live in a small number of countries
with large populations, the impacts will be
far more widely distributed (table 2.5). For
many low-lying small-island states, rising sea
levels and storms point to a highly predictable
social, economic and ecological crisis. For the
Maldives, where 80 percent of the land area is
less than 1 metre above sea level, even the most

Over the past 15 years, Viet Nam has made spectacular progress in
human development. Poverty levels have fallen and social indicators
have improved, putting the country ahead of schedule on almost
all of the MDGs. Climate change poses a real and imminent danger
to these achievements—and nowhere more so than in the Mekong
Delta.

Viet Nam has a long history of dealing with extreme weather.
Located in a typhoon zone, with a long coastline and extensive
river deltas, the country is close to the top of the natural disas-
ters league table. On average, there are six to eight typhoons
each year. Many leave an extensive trail of destruction, killing
and injuring people, damaging homes and fishing boats, and
destroying crops. The country’s 8,000 kilometres of sea and river
dykes, some of which have been developed through communal
labour over centuries, testify to the scale of national investment
in risk management.

The Mekong Delta is an area of special concern. One of the
most densely populated parts of Viet Nam, it is home to 17.2 million
people. It is also the ‘rice basket’ of the country, playing a critical
role in national food security. The Mekong Delta produces half
of Viet Nam’s rice and an even larger share of fisheries and fruit
products.

The development of agriculture has played a pivotal role in
poverty reduction in the Mekong Delta. Investment in irrigation and
support for marketing and extension services has enabled farmers

to intensify production, growing two or even three crops a year.
Farmers have also constructed dykes and embankments to protect
their fields from the flooding that can accompany typhoons and
heavy rains.

Climate change poses threats at several levels. Rainfall is pre-
dicted to increase and the country will face more intensive tropical
storms. Sea levels are expected to rise by 33 cm by 2050 and 1
metre by 2100.

For the low-lying Mekong Delta this is a particularly grim fore-
cast. The sea-level rise projected for 2030 would expose around
45 percent of the Delta’s land area to extreme salinization and crop
damage through flooding. Crop productivity for rice is forecast to
fall by 9 percent. If sea levels rise by 1 metre, much of the Delta
would be completely inundated for some periods of the year.

How might these changes impact on human development in
the Mekong Delta? While poverty levels have been falling, inequality
has been increasing, driven partly by high levels of landlessness.
There are still 4 million people living in poverty in the Delta. Many
of these people lack basic health protection and school drop-out
rates for their children are high. For this group, even a small decline
in income or loss of employment opportunities linked to flooding
would have adverse consequences for nutrition, health and educa-
tion. The poor face a double risk. They are far more likely to live in
areas vulnerable to flooding—and they are less likely to live in more
robust permanent homes.

Source: Chaudhry and Ruysschaert 2007; Nguyen 2007; UNDP and AusAID 2004.
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benign climate change scenarios point to deep
vulnerabilities.

Small-island developing states are on the
front line of climate change. They are already
highly vulnerable to climate disasters. Annual
damages for the Pacific islands of Fiji, Samoa
and Vanuatu are estimated at 2-7 percent of
GDP. In Kiribati, one estimate of the combined
annual damage bill from climate change and
sea-level rises in the absence of adaptation puts
the figure at a level equivalent to 17-34 percent
of GDP. ?°

Islands in the Caribbean are also at risk.
With a 50 centimetre increase in sea levels, over
one-third of the Caribbean’s beaches would
be lost, with damaging implications for the
region’s tourist industry. An increase of 1 metre
would permanently submerge about 11 percent
of the land area in the Bahamas. Meanwhile,
the intrusion of salt water would compromise
freshwater supplies, forcing governments to
undertake costly investments in desalination.”!

More intense tropical storm activity is one
of the givens of climate change. Warming seas
will fuel more powerful cyclones. At the same
time, higher sea temperatures and wider climate
change may also alter the course of cyclone
tracks and the distribution of storm activity.
The first-ever hurricane in the South Atlantic
struck Brazil in 2004, and 2005 marked the
first hurricane to hit the Iberian peninsula since
the 1820s.

Scenarios for tropical storm activity dem-
onstrate the importance of interactions with
social factors. In particular, rapid urbanization
is placing a growing population in harm’s way.
Approximately 1 billion people already live in
informal urban settlements, and numbers are
rising. UN-HABITAT estimates that if current
trends continue there will be 1.4 billion people
living in slums by 2020 and 2 billion by 2030:
one in every three urban dwellers. While more
than half the world’s slum population today
lives in Asia, sub-Saharan Africa has some of
the world’s fastest growing slums.””

Living in makeshift homes often located on
hillsides vulnerable to flooding and landslides,
slum dwellers are both highly exposed and
highly vulnerable to climate change impacts.

Rising sea levels would have large social and economic impacts

Impact (% of global total)

Magnitude of sea Agricultural Wetland
level rise (m) Land area  Population GDP Urban area area area
1 0.3 1.3 1.3 1.0 0.4 1.9
2 0.5 2.0 2.1 1.6 0.7 3.0
3 0.7 3.0 3.2 2.5 11 4.3
4 1.0 4.2 4.7 3.5 1.6 6.0
5 1.2 5.6 6.1 4.7 21 7.3

Source. Dasgupta et al. 2007.

These impacts will not be determined purely
through physical processes. Public policies
can improve resilience in many areas, ranging
from flood control to infrastructural protection
against landslides and the provision of formal
settlement rights to urban slum dwellers.
In many cases the absence of formal rights
is a deterrent to investment in more robust
building materials.

Climate change will create mounting
threats. Even robust mitigation will do little
to lessen those threats until 2030. Until then,
the urban poor will have to adapt to climate
change. Supportive public policies could help
that adaptation. The starting points: creating
more secure tenure rights, investing in slum
upgrading and providing clean water and
sanitation to the urban poor.

Ecosystems and biodiversity

IPCC projection: There is a high confidence
probability that the resilience of many ecosys-
tems will be undermined by climate change,
with rising CO, levels reducing biodiversity,
damaging ecosystems and compromising the
services that they provide.

The

world is heading towards unprecedented

Human development projection:
losses of biodiversity and the collapse of
ecological systems during the 21°° Century.
At temperature increases in excess of 2°C,
rates of extinction will start to increase.
Environmental degradation will gather pace,
with coral, wetland and forest systems suffering

rapid losses. The processes are already under
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Losses of biodiversity are
mounting in many regions.
Climate change is one of the
forces driving these trends.
Over time it will become

a more powerful force

way. Losses of ccosystems and biodiversity
arc intrinsically bad for human development.
The environment matters in its own right for
current and for future generations. However,
vital ecosystems that provide wide ranging
services will also be lost. The poor, who depend
most heavily on these services, will bear the
brunt of the cost.

As in other areas, the processes of climate
change will interact with wider pressures
on ecosystems and biodiversity. Many of the
world’s great ecosystems are already under
threat. Losses of biodiversity are mounting in
many regions. Climate change is one of the
forces driving these trends. Over time it will
become a more powerful force.

The rapidly deteriorating state of the global
environment provides the context for assessing
the impact of future climate change. In 2005,
the Millennium Ecosystem Assessment found
that 60 percent of all ecosystem services were
cither degraded or being used unsustainably.”®
The loss of mangrove swamps, coral reef systems,
forests and wetlands was highlighted as a major
concern, with agriculture, population growth
and industrial development acting together
to degrade the environmental resource base.
Nearly one in four mammal species is in serious
decline 24

Losses of environmental resources will
compromise human resilience in the face of
climate change. Wetlands are an example.
The world’s wetlands provide an astonishing
range of ecological services. They harbour
biodiversity, provide agricultural, timber
and medicinal products, and sustain fish
stocks. More than that, they buffer coastal
and riverside areas from storms and floods,
protecting human settlements from sea surges.
During the 20" Century, the world lost half
its wetlands through drainage, conversion to
agriculture and pollution. Today, the destruc-
tion continues apace at a time when climate
change threatens to generate more intensive
storms and sea surges.”> In Bangladesh, the
steady erosion of the mangrove areas in the
Sundabarns and other regions has undermined
livelihoods while increasing exposure to rising

sea levels.
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Climate change is transforming the relation-
ship between peopleand nature. Many ecosystems
and most species are highly susceptible to shifts
in climate. Animals and plants are adapted to
specific climate zones. Only one species has the
ability to adjust the climate through thermostats
attached to heating or cooling devices—and that
is the species responsible for global warming,
Plants and animals have to adapt by moving.

Ecological maps are being redrawn. Over
the past three decades, the lines marking
regions in which average temperatures
prevail—‘isotherms’—have been moving
towards the North and South Poles at a rate
of about 56 kilometres per decade.”® Species
are attempting to follow their climate zones.
Changes in flowering scasons, migratory
patterns and the distribution of flora and
fauna have been detected across the world.
Alpine plants are being pushed towards higher
altitudes, for example. But when the pace of
climate change is too rapid, or when natural
barriers such as oceans block migration routes,
extinction looms. The species most at risk are
those in polar climates, because they have
nowhere to go. Climate change is literally
pushing them off the planet.

Climate change has already contributed
to a loss of species—and global warming in
the pipeline will add to that loss. But far
greater impacts will take off at 2°C over
preindustrial levels. This is the threshold at
which predicted extinction rates start to rise.
According to the IPCC, 20-30 percent of
plant and animal species are likely to be at
increased risk of extinction if global average
temperature increases exceed 1.5-2.5°C,
including polar bears and fish species that
feed on coral reefs. Some 277 medium or
large mammals in Africa would be at risk in
the event of 3°C warming.”’

The Arctic under threat

The Arctic region provides an antidote to the
view that climate change is an uncertain future
threat. Here, fragile ecological systems have
come into contact with rapid and extreme
temperature increases. Over the past 50 years,
mean annual surface temperature in areas from



Alaska to Siberia has increased by 3.6°C—more
than twice the global average. Snow cover has
declined by 10 percent in the past 30 years,
and average sea ice cover by 15-20 percent.
Permafrost is melting and the tree line is shifting
northwards.

Climate change scenarios point in a worry-
ing direction. Mean surface temperatures are
projected to increase by another 3°C by 2050,
with dramatic reductions in summer sea ice, the
encroachment of forests into tundra regions, and
extensive loss of ecosystems and wildlife. Entire
species are at risk. As the Arctic Climate Impact
Assessment puts it: “Marine species dependent
on sea ice, including polar bears, ice-living seals,
walrus and some marine birds, are very likely to
decline, with some facing extinction.””®

The United States has acknowledged the
impact of climate change on the Arctic. In
December 2006, the US Department of the
Interior proposed, on the basis of “the best
scientific evidence”, placing the polar bear on
the Endangered Species list. That act effectively
acknowledges the role played by climate change
in increasing its vulnerability—and it requires
government agencies to protect the species. More
recently, polar bears have been joined on thelist by
10 species of penguin which are also under threat.
Unfortunately, the “best scientific evidence”
points in a worrying direction: within a couple
of generations, the only polar bears on the planet
could be those on display in the world’s zoos. The
late summer Arctic sea ice, on which they depend
for hunting, has been shrinkingat over 7 percent
a decade since the late 1970s. Recent scientific
studies of adult polar bears in Canada and Alaska
have shown weightloss, reduced cub survival, and
an increase in the number of bears drowning as
they are forced to swim further in search of prey.
In western Hudson Bay, populations have fallen
by 22 percent.””

The United States Department of the
Interior’s actions establish an important prin-
ciple of shared responsibility across borders.
That principle has wider ramifications. Polar
bears cannot be treated in isolation. They are
part of a wider social and ecological system.
And if the impact of climate change and
associated responsibilities of governments

are recognized for the Arctic the principle
should be more widely applied. People liv-
ing in drought-prone areas of Africa and
flood-prone regions of Asia are also affected.
Applying one set of rules for polar bears and
another for vulnerable people in approaches
to climate change mitigation and adaptation
would be inconsistent.

The sheer pace of climate change across
the Arctic is creating challenges at many
levels. Loss of permafrost could unlock vast
amounts of methane—a potent greenhouse
gas that could undermine mitigation efforts
by acting as a driver for ‘positive feedbacks’.
The rapid melting of Arctic ice has opened up
new areas to exploration for oil and natural
gas, giving rise to tensions between states over
the interpretation of the 1982 Convention
on the Law of the Sea.!” Within countries,
climate change could lead to immense social
and economic harm, damaging infrastructure
and threatening human settlements.

Scenarios for Russia illustrate the point.
With climate change, Russia will experience
warming effects that could raise agricultural
production, though increased exposure to
drought may negate any benefits. One of the
more predictable consequences of climate
change for Russia is increased thawing of the
permafrost which covers approximately 60
percent of the country. Thawing has already
led to increases in winter flows of major
rivers. Accelerated melting will affect coastal
and river bank human settlements, exposing
many to flood risks. It will also require heavy
investments in infrastructural adaptation,
with roads, electrical transmission lines and
the Baikal Amur railway potentially affected.
Plans are already being drawn up to protect the
planned East Siberia—Pacific export oil pipeline
through extensive trenching to combat coastal
erosion linked to permafrost melting—a
further demonstration that ecological change
carries real economic costs.!%!

The coral reef—a climate change
barometer

Arctic regions provide the world with a highly
visible early warning system for climate change.
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The “best scientific
evidence” points in a
worrying direction: within
a couple of generations,
the only polar bears on the
planet could be those on

display in the world’s zoos
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Coral reefs are not just
havens of exceptional
biodiversity, but also a
source of livelihoods,
nutrition and economic

growth for over 60 countries

Other ecosystems provide an equally sensitive
though less immediately visible barometer. Coral
reefs are an example. During the 21° Century,
warming oceans and rising acidification could
destroy much of the world’s coral, with devastating
social, ecological and economic consequences.

Warming seas have contributed to the
destruction of coral reefs on an extensive
scale, with half of all systems in decline.!??
Even fairly short periods of abnormally high
temperature—as little as 1°C higher than the
long term average—can cause corals to expel the
algae that supply most of their food, resulting in
‘bleaching’ and sudden death of the reef.!*

The world’s coral reef systems already
bear scars from climate change. Around half
these systems have already been affected by
bleaching. The 50,000 km? of coral reef in
Indonesia, 18 percent of the world’s total,
is deteriorating rapidly. One survey in Bali
Barat National Park in 2000 found that the
majority of the reef had been degraded, most
of it by bleaching.!%* Aerial views of the Great
Barrier Reef in Australia also capture the
extent of bleaching.

There could be far worse to come. With
average temperature increases above 2°C,
annual bleaching would be a regular event. The
major bleaching events that accompanied the
1998 El Nifo, when 16 percent of the world’s
coral was destroyed in 9 months, would become
the rule, rather than the exception. Localized
bleaching episodes are becoming more frequent
in many regions, providing a worrying pointer
for the future. For example, in 2005, the castern
Caribbean suffered one of the worst bleaching
episodes on record.'”

Bleaching is just one of the threats posed
by climate change. Many marine organisms,
includingcoral, make their shellsand skeletons
out of calcium carbonate. The upper ocean is
super-saturated with these minerals. However,
the increases in ocean acidity caused by the 10
billion tonnes of CO, being absorbed by the
oceans cach year attacks carbonate, removing
one of the essential building blocks needed
by coral.10¢

Marine scientists have pointed to aworrying

parallel. Ocean systems respond slowly and
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over very long time horizons to changes in the
atmospheric environment. Business-as-usual
climate change in the 21°° Century could
make the oceans more acidic over the next few
centuries than they have been at any time for
300 million years, with one exception: a single
catastrophic episode that occurred 55 million
years ago. That episode was the result of the
rapid ocean acidification caused by the release
of 4,500 gigatonnes of carbon.!’” It took over
100,000 years for the oceans to return to their
previous acidity levels. Meanwhile, geological
records show a mass extinction of sea creatures.
As one of the world’s leading oceanographers
puts it: “Nearly every marine organism that
made a shell or a skeleton out of calcium
carbonate disappeared from the geologic record
.. if CO, emissions are unabated, we may make
the oceans more corrosive to carbonate minerals
than at any time since the extinction of the
dinosaurs. I personally believe that this will
cause the extinction of corals.”18

The collapse of coral systems would represent
a catastrophic event for human development in
many countries. Coral reefs are not just havens
of exceptional biodiversity, but also a source of
livelihoods, nutrition and economic growth
for over 60 countries. Most of the 30 million
small-scale fishers in the developing world are
dependent in some form on coral reefs for main-
taining feeding and breeding grounds. More
than half of the protein and essential nutrients
in the diets of 400 million poor people living in
tropical coastal arcas is supplied by fish.

Coral reefs are a vital part of the marine
ecosystems that sustain fish stocks, though
warming oceans pose wider threats. In Namibia,
anomalously warm water currents in 1995—the
Benguela Nifo current—resulted in fish stocks
moving 4-5° of latitude south—an outcome
that destroyed a small-scale fisheries industry
for pilchards.!?

Beyond their value in the lives and nutrition
of the poor, corals have a wider economic value.
They generate income, exports and, in regions
such as the Indian Ocean and the Caribbean,
support tourism. Recognition of the important
role of coral in economic, ecological and social
life has prompted many governments and aid



donors to invest in rehabilitation. The problem
is that climate change is a powerful force pulling
in the other direction.

Human health and extreme
weather events

IPCC projection: Climate change will affect
human health through complex systems
involving changes in temperature, exposure to
extreme events, access to nutrition, air quality
and other vectors. Currently small health
effects can be expected with very high confi-
dence to progressiveiy increase in all countries
and regions, with the most adverse effects in
low-income countries.

Human development projection: Climate will
interact with human health in diverse ways.
Those least equipped to respond to changing
health threats—predominantly poor people in
poor countries—will bear the brunt of health
setbacks. Ill-health is one of the most powerful
forces holding back the human development
potential of poor houscholds. Climate change
will intensify the problem.

Climate change is likely to have major
implications for human health in the
21* Century. Large areas of uncertainty surround
assessments, reflecting the complex interaction
between discase, environment and people.
However, in health, as in other areas, recogni-
tion of uncertainty is not a case for inaction. The
World Health Organization (WHO) predicts
that the overall impact will be negative.!'?

Public health outcomes linked to climate
change will be shaped by many factors.
Pre-existing epidemiology and local processes
will be important. So, too, will pre-existing
levels of human development and the
capacities of public health systems. Many of
the emerging risks for public health will be
concentrated in developing countries where
poor health is already a major source of human
suffering and poverty—and where public
health systems lack the resources (human and
financial) to manage new threats. An obvious
danger is that climate change under these
conditions will exacerbate already extreme

global inequalities in public health.

Malaria gives rise to some of the greatest
causes for concern. Thisisadisease that currently
claims around 1 million lives annually, over
90 percent of them in Africa. Some 800,000
childrenunder the age of 5 in sub-Saharan Africa
die as a result of malaria each year, making it
the third largest killer of children worldwide.!!
Beyond these headline figures, malaria causes
immense suffering, robs people of opportunities
in education, employment and production, and
forces people to spend their limited resources on
palliative treatment. Rainfall, temperature and
humidity are three variables that most influence
transmission of malaria—and climate change
will affect all three.

Increased rain, even in short downpours,
warmer temperatures and humidity create a
‘perfect storm’ for the spread of the Plasmodinm
parasite that causes malaria. Risingtemperatures
can extend the range and elevation of mosquito
populations, as well as halving incubation
periods. For sub-Saharan Africa in particular,
any extension of the malaria range would pose
grave risks to public health. Some four in five
people in the region already live in malarial
areas. Future projections are uncertain, though
there are concerns that the malarial range could
expand in upland areas. More disconcerting
still, the seasonal transmission period may
also increase, effectively increasing average per
capita exposure to malarial infection by 16-28
percent.'> Worldwide it is estimated that an
additional 220-400 million people could be
exposed to malaria.!’?

Changing weather patterns are already
producing new disease profiles in many regions.
In castern Africa, flooding in 2007 created
new breeding sites for disease vectors such
as mosquitoes, triggering epidemics of Rift
Valley Fever and increasing levels of malaria.
In Ethiopia, an epidemic of cholera following
the extreme floods in 2006 led to widespread
loss of life and illness. Unusually dry and warm
conditions in eastern Africa have been linked to
the spread of chikungunya fever, a viral disecase
that has proliferated across the region.!*

Climate change could also increase the
population exposed to dengue fever. This is a
highly climate-sensitive disease that is currently
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Urgent action is needed to
conduct assessments of
the risks posed by climate
change to public health

in the developing world,
followed by a mobilization
of resources to create

an enabling environment

for risk management

largely confined to urban areas. Latitudinal
expansion linked to climate change could
increase the population at risk from 1.5 billion
people to 3.5 billion by 2080.!"> Dengue fever
is already in evidence at higher elevations in
previously dengue-free areas of Latin America.
In Indonesia, warmer temperatures have led to
the mutation of the dengue virus, leading to an
increase in fatalities in the rainy season. While
there is no proven evidence that climate change
is implicated, in the late 1990s El Nifio and
La Nifia events in the country were associated
with severe outbreaks of both dengue and
malaria, with malaria spreading to high
elevations in the highlands of Irian Jaya.!!®

Extreme climate events provide another set
of threats. Floods, droughts and storms bring
in their wake increased health risks, such as
cholera and diarrhoea among children. There
is already evidence in developing countries of
the impacts of rising temperatures. During
2005, Bangladesh, India and Pakistan faced
temperatures 5—6°C above the regional average.
There were 400 reported deaths in India alone,
though unreported deaths would multiply
this figure many times over.!'” Public health
in developed countries has not been immune.
The heat-wave that hit Europe in 2003 claimed
between 22,000 and 35,000 lives, most of
them elderly. In Paris, the worst affected
city, 81 percent of the victims were aged over
75 years.''® More events of this nature are
likely. For example, the incidence of heat
waves in most United States’ cities is expected
to approximately double by 2050.!"

Public health authorities in rich nations
are being forced to confront the challenges

posed by climate change. The city of

Conclusion

“We are made wise not by the recollection of
our past” wrote George Bernard Shaw, “but by
the responsibility for our future.” Viewed from
the perspective of human development, climate
change brings the past and the future together.
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New York provides an example of a wider
process. Climate impact assessments have
pointed to higher summer-season temperatures,
with increasing frequency and duration of heat
waves. The prognosis: a projected increase
in summer-scason heat stress morbidity,
particularly among the elderly poor. Summer
heat-related mortality could increase 55 percent
by the 2020s, more than double by the 2050s
and more than triple by the 2080s."2° Climate
change could also contribute indirectly to at
least three classes of wider health problems:
incidence of certain vector-borne diseases such
as West Nile Virus, Lyme discasc and malaria
may rise; water-borne disease organisms may
become more prevalent; and photochemical air
pollution may increase.!?! Strategies are being
developed to address the risks.

Governments in the developed world
have to respond to the public health threats
posed by climate change. Many authorities—
as in New York—acknowledge the special
problems faced by poor and vulnerable
populations. Yet it would be wrong for
countries with first class health systems and
the financial resources needed to counteract
climate change threats at home, to turn a
blind eye to the risks and vulnerabilities faced
by the poor in the developing world. Urgent
action is needed to conduct assessments of
the risks posed by climate change to public
health in the developing world, followed by a
mobilization of resources to create an enabling
environment for risk management. The
starting point for action is the recognition
that rich countries themselves carry much of
the historic responsibility for the threats now
facing the developing world.

In this chapter we have looked at the ‘carly
harvest’ climate change catastrophe. That
harvest, which has already begun, will initially
slow progressin human development. As climate

change develops, large-scale reversals will become



more likely. Evidence from the past provides us
with insights into the processes that will drive
these reversals, but the future under climate
change will not look like the past. Setbacks
for human development will be non-linear,
with powerful mutually reinforcing feedback
effects. Losses in agricultural productivity will
reduce income, diminishing access to health
and education. In turn, reduced opportunities
in health and education will restrict market
opportunities and reinforce poverty. At a more
fundamental level, climate change will erode
the ability of the world’s most vulnerable people
to shape decisions and processes that impact on
their lives.

Catastrophic human development setbacks
are avoidable. There are two requirements for
changing the 21°* Century scenario to a more
favourable direction. The first is climate change
mitigation. Without early and deep cuts in
emissions of CO,, dangerous climate change will

happen—and it will destroy human potential on
avast scale. The consequences will be reflected in
surging inequalities within and across countries
and rising poverty. Rich countries may escape
the immediate effects. They will not escape
the consequences of the anger, resentment and
transformation of human settlement patterns
that will accompany dangerous climate change
in poor countries.

The second requirement for averting the
threats set out in this chapter is adaptation.
No amount of mitigation will protect
vulnerable people in developing countries
from the incremental climate change risks that
they face today, or from the global warming
to which the world is already committed.
Increased risk exposure is inevitable—human
development reversals are not. Adaptation is
ultimately about building the resilience of the
world’s poor to a problem largely created by
the world’s richest nations.
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“We shall require a substantially
new manner of thinking if
mankind is to survive.”

Albert Einstein

“Speed is irrelevant if you are going
in the wrong direction.”

Mahatma Gandhi

“Alone we can do so little; together
we can do so much.”

Helen Keller



CHAPTER

Living within a sustainable
21st Century carbon

budget requires that rich
countries cut emissions of
greenhouse gases by at least
80 percent by 2050, with

30 percent cuts by 2020

Avoiding dangerous climate change:
strategies for mitigation

Climate change is an immense, long-term and global challenge that raises difhcult

questions about justice and human rights, both within and across generations.

Humanity’s ability to address these questions is a test of our capacity to manage

thC consequences Of our own actions. Dangcrous climate change isa threat, not a

pre-ordained fact of life. We can choose to confront and eliminate that threat, or

we can choose to let it evolve into a fully fledged crisis for poverty reduction and for

future generations.

Approaches to mitigation will determine the
outcome. The more we delay action, the more
atmospheric concentrations of greenhouse gases
will rise, the more difficult it will be to stabilize
below the 450 ppm CO, e target—and the more
likely the 21°* Century will experience danger-
ous climate change.

On our sustainable emissions pathway set
out in chapter 1, mitigation would start to make
a difference after 2030 and world temperatures
would peak around 2050. These outcomes
highlight the lag between action and results in
tackling climate change. They also draw
attention to the importance of thinking beyond
the time-horizon defined by political cycles.
Dangerous climate change is not a short term
emergency amenable to a quick fix. The current
generation of political leaders cannot solve the
problem. What they can do is to keep open
and then widen the window of opportunity for
future generations to take up the battle. The
21* Century carbon budget set out in chapter 1
provides a roadmap for achieving this objective.

Keeping the window open will require
carly and radical shifts in energy policy. Since
the industrial revolution, economic growth
and human prosperity have been fuelled by
carbon-based energy systems. Over the next few
decades, the world needs an energy revolution

that enables all countries to become low-carbon
economies. That revolution has to start in the
developed world. Living within a sustainable
21* Century carbon budget requires that rich
countries cut emissions of greenhouse gases by
at least 80 percent by 2050, with 30 percent
cuts by 2020. If the targets are to be achieved,
the collective emissions curve will have to peak
and start bending in a downwards direction
between 2012 and 2015. Developing countries
will also have to chart a low-carbon transition
pathway, albeit at a pace that reflects their more
limited resources and the imperative of sustain-
ing economic growth and cutting poverty.

This chapter looks at the strategies needed
to achieve a rapid transition to a low-carbon
future. The 21* Century carbon budget provides
aroadmap for reaching the agreed destination—
a world free of dangerous climate change. But
targets and roadmaps are not a substitute for
policies. They will only contribute to the battle
against climate change if they are backed by
effective mitigation strategies.

There are three foundations for success.
The first is putting a price on carbon emissions.
Market-based instruments have a critical role to
play in creating incentives that signal to business
and consumers that there is a value in reducing
emissions—and that the Earth’s capacity for
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Successful mitigation
ultimately requires that
consumers and investors
shift demand to

low-carbon energy sources

absorbing CO, is marked by scarcity. The two
broad options for pricing emissions are taxation
and cap-and-trade.

The second foundation for mitigation
is behavioural change in the broadest sense.
Successful mitigation ultimately requires
that consumers and investors shift demand to
low-carbon energy sources. Price incentives
can encourage behavioural change—but prices
alone will not deliver reductions on the scale
or at the pace required. Governments have a
critical role to play in encouraging behavioural
change to support the transition to alow-carbon
economy. Setting standards, providinginforma-
tion, encouraging research and development,
and—where necessary—restricting choices that
compromise efforts to tackle climate change are
all key parts of the regulatory toolkit.

International cooperation represents the
third leg of the mitigation tripod. Rich coun-
tries have to take the lead in tackling dangerous
climate change: they have to make the deepest
and earliest cuts. However, any international
framework that does not establish targets for
all major greenhouse gas emitting countries
will fail. Avoiding dangerous climate change
requires a low-carbon transition in developing
countries too. International cooperation can
help to facilitate that transition, ensuring that
reduced emission pathways do not compromise
human development and economic growth.

This chapter provides an overview of the
mitigation challenge. It starts out by looking
from global to national carbon budgeting. Con-
verting the global 21** Century carbon budget

into national budgets is the first step towards
mitigation of dangerous climate change. It is
also a precondition for the successful imple-
mentation of any multilateral agreement. With
governments negotiating the post-2012 frame-
work for the Kyoto Protocol, it is important that
national targets are aligned with credible global
targets. Currently, many target-setting exercises
suffer from alack of clarity and consistency, com-
pounded in some cases by a divergence between
stated goals and energy policy frameworks.

In section 3.2 we then turn to the role of
market-based instruments in the transition to
sustainable carbon budgeting. We set out the
case for carbon taxation and cap-and-trade
schemes, while highlighting the problems that
have reduced the effectiveness of the world’s
largest such scheme—the European Union
Emissions Trading Scheme (EU ETS). Section
3.3 looks beyond taxation and cap-and-trade to
the critical role of wider regulation and stand-
ards and public—private partnerships in research
and development.

The chapter concludes by highlighting the
underexploited potential of international coop-
eration. In section 3.4 we show how financial
support and technology transfer could raise
the energy efficiency of developing countries,
providing a win—win scenario for human devel-
opment and climate change: extending access
to affordable energy while cutting emissions.
Deforestation and land-use change, currently the
source of about 20 percent of world greenhouse
gas emissions, is another area of unexploited
opportunity in international cooperation.

3.1 Setting mitigation targets

Expiry of the current commitment period of the
Kyoto Protocol in 2012 creates an opportunity
for early progress in climate change mitigation. In
chapter 1, we argued for a multilateral framework
geared towards well-defined global carbon budget
goals. Such a framework has to combine long-

term goals (a 50 percent reduction on 1990 levels
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in emissions of greenhouse gases by 2050), with
medium-term benchmarks set out in rolling com-
mitment periods. The multilateral framework also
has to provide a practical guide for implementing
the principle of "common but differentiated
responsibility”, identifying broad pathways for
developed and developing countries.



Without a credible multilateral framework
the world will not avoid dangerous climate
change. However, no multilateral framework
will deliver results unless it is underpinned by
national targets, and by policies that are aligned
with those targets. The corollary of a meaning-
ful global carbon budget for the 21** Century is
the development of national carbon budgets that
operate within the global resource envelope.

Carbon budgeting—living within
our ecological means

National carbon budgeting is a necessary foun-
dation for the post-2012 multilateral framework.
At their most basic level, carbon budgets set a
limit on the total quantity of CO,e emissions
over a specified period of time. By setting a roll-
ingbudget period of, say, 3—7 years, governments
can strike a balance between the certainty needed
to meet national and global emission reduction
targets, and the annual variation that will accom-
pany fluctuations in economic growth, fuel
prices or the weather. From a carbon mitigation
perspective, what matters is the trend in emis-
sions over time rather than annual variations.

There are parallels between global and
national carbon budgeting. Just as the global
carbon budget discussed in chapter 1 establishes
abridge between currentand future generations,
national carbon budgets provide for continuity
across political cycles. In money markets, uncer-
tainties over the future direction of policies on
interest rates, money supply or price level can all
fuel instability. That is why many governments
use independent central banks to address the
problem. In the case of climate change, uncer-
tainty is an obstacle to successful mitigation. In
any democracy, it is difficult for a government
to irrevocably commit its successors to specific
mitigation policies. However, fixing multilateral
commitments into national legislation aimed at
achieving long-run mitigation goals is vital for
policy continuity.

National carbon budgeting is also a foun-
dation for international agreements. Effective
multilateral agreements have to be based
on shared commitments and transparency.

For countries participating in international

agreements aimed at rationing global green-
house gas emissions, it is important that partners
are seen to stick to their side of the bargain.
Perceived free-riding is guaranteed to weaken
agreements by eroding confidence. Ensuring
that multilateral commitments are enshrined
in transparent national carbon budgets can
counteract this problem.

At a national level, carbon budgets can
reduce the threat of economic disruption by
sending clear signals to investors and consum-
ers on the future direction of policy. Beyond
the market, carbon budgets can also play an
important role in increasing public awareness
and holding governments to account, with
citizens using carbon budget outcomes to
assess the contribution of their governments to

multilateral mitigation efforts.

Emission reduction targets are
proliferating

Recent years have witnessed an increase in
target-setting exercises on climate change.
National governments have adopted a wide
range of goals. Within countries, state and
regional governments have also been active in
setting emission reduction targets (table 3.1).
The growth of target setting has produced
some impressive results. The Kyoto Protocol
itself was an exercise in setting national limits
linked to global mitigation goals. Most OECD
countries—Australia and the United States are
the major exceptions—are committed to achiev-
ing reductions by 2008-2012 against a 1990
base year. Many have even embraced additional
targets. The European Union is an example.
Under the Kyoto Protocol, the European Union
is required to achieve an 8 percent reduction
in emissions. However, in 2007 it committed
itself to cutting greenhouse gas emissions by “at
least” 20 percent by 2020 and by 30 percent if
an international agreement is reached, with a
reduction of 60—80 percent by 2050. Several
member states have adopted national targets for
reductions against 1990 levels, among them:
e The United Kingdom has set itself a
‘Kyoto-plus’ target in the form of a 20 per-
cent cut on 1990 levels by 2010. Legislation

HUMAN DEVELOPMENT REPORT 2007/2008

No multilateral framework
will deliver results unless
it is underpinned by
national targets, and by
policies that are aligned

with those targets
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Emission reduction targets vary in ambition

Greenhouse gas reduction targets Near term Medium term Long term
and proposals (2012-2015) (2020) (2050)
HDR sustainable emissions
pathway (for developed countries) Emissions peaking 30% at least 80%
Selected countries
Kyoto targets @
(2008-2012) Post-Kyoto
European Union ® 8% 20% (individually) or 60-80% (with international
30% (with international agreement) agreements)
France 0% - 75%
Germany 21% 40% -
Italy 6.5% - -
Sweden 4% increase 25% -
(4% reduction national target)
(by 2010)
United Kingdom 12.5% (20% national target) 26-32% 60%
Australia © 8% increase - -
Canada 6% 20% relative to 2006 60-70% relative to 2006
Japan 6% - 50%
Norway 1% increase 30% (by 2030) 100%
(10% reduction national target)
United States ¢ 7% - -
Selected United States state-level proposals
Arizona - 2000 levels 50% below 2000 (by 2040)
California 2000 levels (by 2010) 1990 levels 80% below 1990 levels
New Mexico 2000 levels (by 2012) 10% below 2000 levels 75% below 2000 levels
New York 5% below 1990 (by 2010) 10% below 1990 levels -
Regional Greenhouse Gas Initiative Stabilization at 2002—2004 levels  10% below 2002—2004 levels
(RGGI) ¢ (by 2015) (by 2019)
Selected United States Congress proposals
Climate Stewardship and Innovation Act 2004 levels (by 2012) 1990 levels 60% below 1990 levels
Global Warming Pollution Reduction Act  — 2% per year reduction 80% below 1990 levels
from 2010-2020
Climate Stewardship Act 2006 level (by 2012) 1990 levels 70% below 1990 levels
Safe Climate Act of 2007 2009 level (by 2010) 2% per year reduction from 80% below 1990 levels
2011-2020
United States non-governmental proposals
United States Climate Action Partnership 0-5% increase of current level 0-10% below “current level” 60—80% below “current level”
(by 2012) (by 2017)

a. Kyoto reduction targets are generally against 1990 emission levels for each country, by 20082012, except that for some greenhouse gases (hydrofluorocarbons,
perfluorocarbons and sulphur hexafluoride) some countries chose 1995 as their base year.
b. Kyoto targets only refer to 15 countries which were members of the European Union in 1997 at the time of signing.

c¢. Signed but did not ratify the Kyoto Protocol, therefore commitment is not binding.

d. Participating states include Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island and Vermont.

Source: Council of the European Union 2007; Government of Australia 2007; Government of Canada 2007; Government of France 2007; Government of Germany 2007;
Government of Norway 2007; Government of Sweden 2006; Pew Center on Climate Change 2007c; RGGI 2005; State of California 2005; The Japan Times 2007; UNFCCC

1998; USCAP 2007.

under preparation would establish a statu- o In 2005, Germany updated its National

tory obligation on Government to achieve
reductions of 26-32 percent by 2020, and
60 percent by 2050.!

e France has a national target of a 75 percent
cut in emissions by 2050.%
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Climate Change Programme to include the
target of a 40 percent reduction by 2020
(subject to the European Union subscrib-
ing to a 30 percent reduction).? In August
2007, the German Federal Government



reaffirmed this commitment by adoptinga

policy package to achieve the target.®

Target setting has also emerged as an issue
on the agenda of the G8. At their 2007 summit,
the G8 leaders accepted in principle the need for
urgent and concerted action to avoid dangerous
climate change. No formal targets were adopted.
However, the summit agreed to “consider seri-
ously” decisions made by Canada, the European
Union and Japan to sct alevel of ambition aimed
at halving global emissions by 2050.

Target setting from below in the
United States
The United States currently lacks a national
target for overall emission reductions. Under
the 2002 Global Climate Change Initiative
(GCCI), the Federal Government set a national
goal for reducing greenhouse gas emissions
intensity, as measured by the ratio of greenhouse
gas emissions to GDP. However, the absence
of a national emission reduction goal has not
prevented the emergence of a range of target-
setting initiatives, with states and cities setting
out quantitative goals of their own. Prominent
examples include:

o Stateinitiatives. With the passage of the2006
Global Warming Solutions Act, California
has set an enforceable target of achieving
1990 levels of greenhouse gas emissions by
2020, with an 80 percent reduction on 1990
levels by 2050 (box 3.1). Concerns that
these targets will necessarily compromise
competitiveness and employment are not
well supported by the evidence. Modelling
work has found that new incentives created
by the state’s cap on emissions could create
an additional US$59 billion in income and
20,000 new jobs by 2020.¢ In total, there
are now 17 states across the United States
with emissions targets.”

e Regional initiatives. The Regional Green-
house Gas Initiative (RGGI) established in
2005 is the first mandatory cap-and-trade
programme in the United States, setting
limits on emissions from power plants. It
now extends to 10 states.® The target is to
cap emissions at current levels from 2009 to
2015 and then to reduce them by 10 percent

by 2019.1n2007, the creation of the Western

Regional Climate Action Initiative—in-

volving Arizona, California, New Mexico,

Oregon, Utah and Washington—expanded

the reach of regional initiatives. The

Canadian provinces of British Columbia

and Manitoba joined in 2007, turning it

into an international partnership. By 2009,

these states will set a regional emissions

target and devise market-based programmes
to achieve them.?

o City initiatives. Cities are also setting emis-
sion reduction targets. In total, around 522
mayors, representing 65 million Americans,
are aiming to reach what would have been
the United States Kyoto target of a 7 percent
reduction below 1990 levels by 2012.1° New
York has introduced caps on emissions from
the city’s power stations. The New York City
Government has also passed legislation that
requires a city-wide inventory of greenhouse
gas emissions and a city-wide goal of 7 per-
cent reductions below 1990 levels by 2020.
While the reductions are voluntary for
the private sector, the City Government is
committed to 30 percent emissions cuts.!!
These initiatives have to be placed in

context. If California were a country, it would
be the world’s fourteenth largest source of CO,
emissions—that is why its leadership is of global
importance. However, the bulk of emissions
still originate in states with no planned caps
on emissions: California and the RGGI states
together account for around 20 percent of
United States’ greenhouse gas emissions. Just
as greenhouse gases from India and the United
States mixin the Earth’s atmosphere, so a tonne
of CO, from San Francisco has the same impact
as a tonne from Houston. In the absence of
binding Federal targets, emission reductions
in some states can be swamped by increases
in others. Even so, state-level and regional
government initiatives have created a political
impetus towards the establishment of emission
ceilings at the Federal level.

That impetus is reflected in the United
States Congress. Recent years have witnessed
a steady proliferation in proposed legislation
aimed at setting targets for future emissions of

At their 2007 summit, the G8
leaders accepted in principle
the need for urgent and
concerted action to avoid

dangerous climate change
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The world’s sixth largest economy, California has long been a
national and international leader on energy conservation and
environmental stewardship. Today, it is setting the standard for
global action on climate change mitigation.

The 2006 Global Warming Solutions Act requires California
to cap greenhouse gas emissions by 2020 at 1990 levels, with a
long-term reduction goal of 80 percent by 2050. This legislation
represents the first enforceable state-wide programme to cap
emissions from all major industries, with in-built penalties for
non-compliance.

Legislation is rooted in strong institutional provisions. The
state plan grants the State Air Resources Board (SARB) authority
to establish how much industry groups contribute to emission
reductions, assigning emission targets and setting non-compliance
penalties. It sets a 2010 deadline for establishing how the system will
work, allowing industries three years to prepare for implementation.
The SARB is also required to develop a strategy “for achieving the
maximum technologically feasible and cost-effective reductions
in greenhouse gas emissions by 2020”. That strategy, to be
enforceable by 2010, includes a cap-and-trade programme based
on quantitative targets.

California’s targets are backed by substantive policies. Among
the most important:

« Vehicle emission standards. Over the past four years California
has pioneered higher emission standards. Current vehicle
standards legislation will require a 30 percent reduction in
greenhouse gas emissions from new vehicles by 2016. The
state is also developing a low Carbon Fuel Standard aimed at
reducing fuel emissions intensity by 10 percent to 2020. This is
expected to create incentives for emissions cuts in petroleum
processing, biofuels and electricity-driven vehicles.

Source: Arroyo and Linguiti 2007.

o Performance standards for electricity. Public policy action in
this area has received less public attention than the Global
Warming Solutions Act, but it has important implications.
Under the relevant legislation, the California Energy
Commission is required to set stringent emission standards
for electricity procured under long-term contracts, whether the
power is produced within the state or imported from plants
in other states. The standards will drive low-carbon electricity
generation, including research and development of power
plants that capture and store CO,.

« Renewable energy. California is one of twenty-one states with
a ‘renewable portfolio standard’ setting a target for renewable
energy. By 2020 California aims to generate 20 percent of its
power from renewable sources. The state will pay an estimated
US$2.9 billion in rebates over 10 years to households and
businesses that install solar panels, with further tax credits to
cover 30 percent of the cost of installation. These subsidies are
part of the ‘One Million Solar Roofs’ initiative.

« Setting conservation standards. During 2004 California announced
a stringent energy conservation target aimed at saving the
equivalent of 30,000 GWh by 2013. In order to achieve this goal,
new appliance and building standards have been introduced.
Three important features of the California case have wider lessons

for carbon budgeting. First, the legislation establishes a credible
target. Applied by all developed countries, the 80 percent reduction
by 2050 would put the world on to a potentially sustainable emissions
trajectory. Second, compliance and monitoring are overseen through
strong institutional mechanisms that provide a basis for transparency
and accountability. Third, the legislation establishes a balance
between mandated targets, incentives and regulatory measures
aimed at cutting emissions and spurring innovation.

greenhouse gases. In the first half of 2007, seven
separate bills aimed at setting economy-wide
quantitative ceilings were under consideration
in Congress.”” One of these—the Climate
Stewardship and Innovation Act—envisages an
emissions pathway with 20 percent cuts below
1990 levels by 2030, deepening to 60 percent by
2050, for the electricity generation, transporta-
tion, industrial and commercial sectors.
Beyond Congress, there has been a surge
of multi-constituency initiatives bringing
together industry, environmentalists and
others. The United States Climate Action
Partnership (USCAP) is an example. An
alliance of 28 major companies—including
BP America, Caterpillar, Duke Energy,
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DuPont and General Electric—and six
leading NGOs (with a membership of over one
million), USCAP has called for a combination
of mandatory approaches, technological
incentives and other actions to achieve a peak
of emissions by 2012, with reductions up to
10 percent by 2017, and 80 percent by 2050
with respect to ‘current’levels.!> Many of the
companies involved have set voluntary targets
for reducing emissions, anticipating the future
development of mandatory targets.

USCAP's proposals are instructive. Beyond
the targets themselves, they reflect important
changes in approaches to climate change mitiga-
tion. Five years ago, many of America’s largest
companies were hostile in principle to the



In the battle against climate change, it’s easy to talk about lofty,
far-away goals, but the question is: What are you doing today to
achieve them? In New York City, we recently unveiled an ambi-
tious yet achievable plan to combat global warming and create
the first truly sustainable 215t Century city. The plan, which we
call PlaNYC, includes 127 specific initiatives designed to reduce
air and water pollution, clean-up polluted land, modernize our
infrastructure and energy network, and significantly reduce the
city’s carbon footprint. In short, it’s about leaving our children a
greener, greater city.

Gone are the days when public and private sector leaders
could act as though environmental sustainability and economic
competitiveness work against one another. In fact, the very op-
posite has proven true. Fighting global warming begins, in many
ways, with learning how to become more efficient. Investing in
energy-saving technology allows governments, businesses and
families to save significant amounts of money over the long term.
As part of PlaNYC, for instance, New York City has committed
to reducing its energy use by 30 percent over the next 10 years.
We're also incentivizing private sector ‘green’ construction. And
we’re in the process of upgrading all 13,000 of our famous yellow
taxi cabs, doubling their fuel efficiency to match or beat today’s
hybrid cars. This will not only mean less CO, and air pollution,
but also lower gas bills for drivers—and that means more money
in their pockets.

PlaNYC will help us to maintain our economic growth
and protect our environment. But it will also allow us to fulfill
our broader responsibilities as global citizens. The Human
Development Report 2007/2008 states plainly that climate
change is one of the greatest challenges facing humanity, and
it is the world’s most vulnerable populations who are most
immediately at risk. The actions of the wealthiest nations—those
generating the vast majority of greenhouse gases—have tangible
consequences for people in the rest of the world, especially in
the poorest nations.

We can’t sit back and wait for others to act—and that’s why
cities around the world are leading the charge. Leaders of cities
focus on results, not politics—on taking action, not toeing the
party line. Although international climate accords have been

difficult to reach and harder to enforce, city leaders have been
driving new innovations and sharing best practices. In February
2007, the United States Conference of Mayors launched the
Climate Protection Center to provide mayors with the guidance
and assistance they need to lead their cities’ efforts to reduce
greenhouse gas emissions. And in May of this year, New York
City hosted the C40 Large Cities Climate Summit, which brought
together more than 30 mayors from the world’s largest cities
to exchange ideas and best practices for combating climate
change.

The leading role that cities have played against climate change
is evidenced by the fact that many of the initiatives in PlaNYC were
inspired by other cities. We drew on the experiences of London,
Stockholm and Singapore in formulating our traffic-reducing
congestion pricing plan; on Berlin for our renewable energy and
green roof policies; on Delhi, Hong Kong and Shanghai for our
innovative transit improvements; on Copenhagen for our pedestrian
and cycling upgrades; on Chicago and Los Angeles for our plan
to plant one million more trees; on Amsterdam and Tokyo for our
transit-oriented development policies; and on Bogota for our plans
for Bus Rapid Transit. By taking a global approach to a global
problem, we were able to formulate a distinctly local plan that will
allow us to do our part in the fight against climate change—and, we
hope, to be a model for others to follow.

As the Human Development Report 2007/2008 makes clear,
it is no longer acceptable for the world’s governments to ignore
the threat of climate change, or for elected officials to announce
distant goals without putting forth substantive plans to achieve
them, including interim targets that allow the public to hold those
officials and their successors accountable for making steady
progress. As public leaders, we have a responsibility to take bold
action that will lead to real change—starting today.

M/@%7

Michael R. Bloomberg
Mayor of the City of New York

idea of mandatory quantitative restrictions on
greenhouse gas emissions. That is now changing.
Increasingly, companies see quantitative targets
not as a threat but as an opportunity that will
create incentives and prospects for low-carbon
investments.

Ironically, the absence of a national
framework setting mandatory ceilings on
greenhouse gas emissions is now regarded by

many major companies as a problem, partly
because it creates market uncertainty, and
partly because the surge of state-level and
regional-level initiatives is creating a complex
patchwork of regulatory systems. The Alliance
of Automobile Manufacturers, which includes
General Motors and Ford Motor Company, has
called for “a national, federal, economy-wide

approach to addressing greenhouse gases”.!
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Many of the targets set are,
at best, only weakly related
to sustainable carbon

budget requirements

The Electric Power Supply Association also
announced its support for “comprehensive,
mandatory federal legislation to minimize the

impact of greenhouse gases”.!>

Four targeting problems in
carbon budgeting

Is the new trend towards target setting in devel-
oped countries providing a foundation for
carbon budgets that will enable the world to
avoid dangerous climate change?

The answer to that question is a quali-
fied ‘no’. While the adoption of targets is an
encouraging indication that public concern is
registering on the political radar screen, many
of the targets setare, at best, only weakly related
to sustainable carbon budget requirements.
Insufficient ambition is a common problem.
Another is the confusion associated with a
proliferation of targets, especially when those
targets are inadequately reflected in energy
policies. There are four broad potential sources
of error in carbon budget targeting that need
to be addressed:

o Insufficient ambition. Our sustainable
emissions pathway establishes two
plausible benchmarks for assessing
where emissions ceilings need to be
set by developed countries. The broad
trajectory: peaking in the period 2012
to 2015, cuts of 30 percent by 2020
and cuts of at least 80 percent by 2050,
against a 1990 baseline. There are two
problems. First, some targets—the United
Kingdom’s and several proposals in the
United States are examples—fall short of
these benchmarks (table 3.1). Second, the
selection of reference years can obscure
under-ambition in target setting. For
example, some governments interpret the
commitment made at the G8 to “seriously
consider” halving emissions by 2050 as an
implied reduction from ‘current’ levels.
Simple carbon arithmetic demonstrates
why changes in reference years matters.
Shifting the United States reference year
from 1990 to 2004, for example, would

increase the permitted emissions base by
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over 900 Mt CO,e—roughly equivalent
to total German emissions in 2004.1¢ For
Canada, the same shift in reference years
would raise the baseline for emissions
by 27 percent over 1990 levels. From a
carbon budgeting perspective, any change
in base year should include adjustments in
reduction targets to compensate for any
increase in emissions from 1990.

o Inaccurate indicators. Some governments
present targets for reduced carbon intensity
as equivalent to climate change mitigation
goals. This confuses means and ends.
Reducing the amount of CO, emitted for
every dollar in wealth created (the carbon
intensity of growth), or for every unit of
power generated (the carbon intensity of
energy), is an important goal. No mitiga-
tion strategy is likely to succeed without
progress in these areas. However, what
ultimately matters is the 'overall reduction’
in emissions. From a sustainable carbon
budget perspective, carbon intensity targets
in isolation are a mitigation red-herring.
Many countries have an impressive record
in cutting carbon intensity but still have
an overall increase in emissions (figure 3.1).
The United States has reduced greenhouse
gas intensity by around 25 percent since
1990 but its overall emissions have gone
up by an equivalent amount. The GCCI
targets a further reduction in greenhouse
gas intensity of 18 percent between 2002
and 2012—broadly consistent with the
trend since 1980. However, the Energy
Information Administration projects an
increase in CO, emissions over the same
period of around 25 percent.'”

o Inadequate sectoral coverage. Effective
carbon accountingrequires thatall emissions
are reflected in the budget. Unfortunately,
current reporting systems keep some
sectors ‘off-budget’. For example, aviation
is excluded from international inventories
of greenhouse gases for the Kyoto Protocol.
The Earth’s atmosphere is less discriminat-
ing. Since 1990, emissions of CO, from
aviation fuel have increased from 331

Mt CO, annually to 480 Mt CO,. The



latter figure represents around 2 percent
of global emissions. However, because the
emissions are released directly into the
high atmosphere, the radiative forcing
effects are far stronger, accounting for
3 percent (2-8 percent range) of global
warming.'® For several OECD countries,
aviation represents a significant and
growing share of the national contribu-
tion to global warming. In the United
Kingdom, annual emissions from aviation
are projected to grow by between 62 and 161
Mt CO, by 2050. In order to offset emissions
from the aviation sector and achieve the
national target of a 60 percent reduction
in overall emissions by 2050, other sectors
would have to reduce their emissions by
71-87 percent.”” This is not a plausible
option, suggesting that aviation will have
to be subject to cuts in emissions.

o Insufficient urgency. Sometimes decisions in
public policy can be postponed without great
cost. That is not the case with climate change.
Because emissions are long-lived, delaying the
decision to reduce them adds to the stock of
greenhouse gases and cuts the time frame for
reducing it. Several legislative proposals for
the United States envisage limited cuts to
2020 against 1990 levels, followed by steeper
declines thereafter. That approach may be
ill-advised. One study for the United States
shows that a pathway for contributing to a
global stabilization level at 450 ppm CO,e
can be achieved with annualized reductions
of 3 percentayear by 2050. However, delaying
action until 2020 would require reductions
of 8.2 percent a year—which would require
stringent adjustments and an implausible

rate of technological innovation.?

Targets matter, but so do outcomes

Setting targets is not the same as delivering
results. Experience under the Kyoto Protocol
provides a constant reminder of the limited
progress made in aligning climate security goals
with energy policies.

The experience of two countries at different

ends of the Kyoto Protocol performance league

is instructive. In Canada, energy-intensive eco-
nomic growth has comprehensively undermined
the prospects for delivery against the country’s
Kyoto commitments (box 3.2). Unlike Canada,
the United Kingdom is on-track to meet its
Kyoto targets, though not primarily as a result
of energy policy reform: a shift in energy mix
from coal to natural gas has been more impor-
tant. The country has now defined an ambitious
carbon budget that sets a pathway for reduced
emissions through to 2050. However, CO,
emissions from the United Kingdom have not
fallen over the past decade—and there are seri-
ous questions over whether or not the country
will achieve national targets for reduced emis-
sions (box 3.3).

Institutional arrangements play an impor-
tant role in determining the credibility of
emissions reduction targets. In carbon budget-
ing,asin financial budgeting, governance matters
a great deal, not least in ensuring that targets
are translated into outcomes. This is another

area in which California has provided leader-

Falling carbon intensity does
not always lower emissions
Change 1990-2004 (%)

Intensity (CO, emissions per unit of GDP PPP US$)
= CO, emissions

=50 0 50

Canada

France

Germany

Italy

Japan

Russian
Federation

United
Kingdom

United
States

Source: Indicator Table 24.
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Experience under the
Kyoto Protocol provides a
constant reminder of the
limited progress made in
aligning climate security

goals with energy policies
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Carbon-intensive economic growth has pushed Canada well
off track from its Kyoto commitments. The country’s experience
powerfully demonstrates the difficulties in aligning domestic
economic policies with international commitments.

In 2004, Canadians contributed around 639 million tonnes of
CO, to the Earth’s atmosphere. While this is only 2 percent of the
world total, Canada has one of the highest levels of per capita emis-
sions in the world—and the carbon footprint is deepening. Since
1990, CO, emissions from fossil fuel have increased by 54 percent,
or 5 tonnes per capita. That increase is greater than the total per
capita CO, emissions from China.

Canada is far from meeting its Kyoto Protocol commitments.
Emissions have increased by 159 million tonnes of CO,e since
1990—a 27 percent overall increase and 33 percent above Kyoto
target levels.

Why has Canada missed its Kyoto targets by such a wide
margin? Rapid economic growth has been one factor. Another has
been the carbon intensity of growth, driven by a surge in invest-
ments in natural gas and oil production. Greenhouse gas emissions
associated with exports from this sector have increased from
21 million to 48 million tonnes per annum since 1990.

Developments in oil and natural gas markets have contributed
to Canada’s Kyoto deficit. With rising oil prices, it has become
commercially viable to exploit tar sands in Alberta. Unlike conven-
tional oil extracted through wells, oil is extracted from tar sands
by stripping away upper layers of soils, or by using high-pressure
steam to heat the underlying sands and make the bitumen less
viscous. The energy requirements and the greenhouse gas intensity
per barrel of oil extracted from tar sands are almost double that for
conventional oil.

QOil sands exploration has important implications for Canada’s
greenhouse gas emissions trajectory. The Canadian Association of Pe-
troleum Producers and the Canadian National Energy Board estimate

that C$95 billion (US$108 billion) will be spent on oil sands operations

from 2006 to 2016. Output is expected to triple, to over three million

barrels a day. Translated into carbon footprint terms, greenhouse gas

emissions from oil sands could increase by a factor of five to 2020,

rising to over 40 percent of national emissions by 2010.

Changing this trajectory will be difficult given the high levels of
investment already in place. In 2006, new targets were set under
a Clean Air Act that specifies reductions of 45-65 percent below
2003 levels by 2050. However, the targets are not binding—and
they are not linked to specific policies. Initiatives at a provincial and
municipal level have established more concrete provisions, produc-
ing some impressive results. For example, Toronto has achieved
deep cuts in emissions (40 percent below 1990 levels in 2005)
through energy efficiency initiatives, retro-fitting of old buildings
and land fill policy.

Canada has a long history of global leadership on global
atmospheric environmental issues, from acid rain to ozone deple-
tion and climate change. Maintaining this tradition will require tough
decisions. The David Suzuki Foundation has called for a 25 percent
cut in emissions by 2020, with an 80 percent cut by 2050. Those
targets are attainable, but not with current policies. Among the
options:

o Accelerated deployment of low-carbon technologies and
increased investment in carbon sequestration to reduce
long-term emissions;

« A requirement on exporters that the purchase of Canadian oil
and natural gas is linked to the purchase of verifiable emissions
reductions through carbon market trading;

« The introduction of a carbon tax on investors in oil sands
production to finance technological innovation and the
purchase of emissions credits;

» Strict regulation of production standards and price incentives
for low-emission production of oil sands and natural gas.

Source: Bramley 2005; Government of Canada 2005; Henderson 2007; Pembina Institute 2007a, 2007b.

ship. In order to implement the state’s cap on
emissions, a strong agency—the California Air
Resources Board—has been directed to develop
regulations, establish a mandatory reporting
system and monitor emission levels. While the
targets are set by elected political leaders, imple-
mentation and administration are conducted
through public agencies with a strong technical
capacity. At the same time, the targets have been
backed by far-reaching reforms in energy policy
(see box 3.1). By contrast, the European Union
has set ambitious targets for cutting emissions,
without having either an institutional
framework for implementation or a coher-
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ent agenda for energy reform: energy policy
is overwhelmingly a national responsibility
(box 3.4). Transition economies have also
adopted targets under the Kyoto Protocol. While
most are on track for achieving the targets, this
owes more to the economic recession of the
1990s than to energy reform—an area in which
progress has been mixed (box 3.5).

The limits to voluntarism

Some countries have relied primarily on voluntary
programmes to achieve climate change mitiga-
tion goals. Results have been mixed. In some
cases, voluntary action has made a difference.
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The United Kingdom’s Climate Change Bill is a bold and innovative
proposal to create a national carbon budget that supports
global mitigation efforts. Legislation would commit Government
to mandatory cuts in emissions over time. Applied more widely
across the developed world, the broad approach could underpin a
strengthened post-2012 Kyoto system. However, there are serious
questions about the level of ambition—and about the United
Kingdom’s capacity to meet its own carbon reduction targets.

The Climate Change Bill charts a pathway for emissions
reductions to 2050. An expressed aim is to contribute to inter-
national efforts to avoid dangerous climate change, which the United
Kingdom Government identifies as a global mean temperature
increase in excess of 2°C. The roadmap sets the 2050 target for
greenhouse gas emissions reductions at 60 percent, with an interim
target of 26-32 percent reductions by 2020 against levels in 1990.

These targets would be fixed in a system of ‘carbon budgets’—
rolling 5-year limits on CO, emissions. Three budgets would be set
in advance, helping to create a long-term horizon for business and
investment decisions. Legislation would create enabling powers
that make future policies for controlling emissions quicker and
easier to introduce. However, two issues will have to be addressed
if the Climate Bill is to provide the framework for a sustainable
carbon budget.

The first problem is one of overall ambition. Emission targets
in the Climate Bill are not consistent with the objective of avoiding
dangerous climate change. Our sustainable emissions pathway
suggests that developed countries need to cut emissions of
greenhouse gases by at least 80 percent by 2050 against 1990
levels, not 60 percent. Moreover, the current framework excludes
aviation and shipping. Factoring them in would raise the cumulative
United Kingdom carbon budget to 2050 by around 5.5 Gt CO,, or
27 percent.

If the rest of the developed world followed the pathway en-
visaged in the United Kingdom’s Climate Change Bill, dangerous
climate change would be inevitable. It would lead to approximate
atmospheric concentrations of greenhouse gases in excess of
660 ppm CO,e, and possibly 750 ppm CO,e. These are outcomes
that would correspond to a rise in average global temperatures of
4-5°C, well beyond the dangerous climate change threshold. The
overarching requirement for keeping within the 2°C threshold is a
stabilization of greenhouse gas stocks at 450 ppm CO,e.

The second problem to be addressed is the direction of cur-
rent greenhouse gas emissions (see figure). On a positive note, the
United Kingdom is one of a small group of European Union coun-
tries that is on-track for achieving its Kyoto Protocol target. While
the economy has expanded by 47 percent since the 1990 base year
for Kyoto, emissions of CO, are 5 percent lower. The less positive
news is that all the reduction took place prior to 1995. Since 2000,
emission levels have increased by 9 Mt CO, (to 567 Mt CO, in 2006).
The upshot is that the national target of reducing CO, emissions to
20 percent below 1990 levels by 2010 is now unattainable: the likely
outcome is a reduction less than one-half this target.

CO, trends are off track for national target

United Kingdom CO, emissions (Mt CO,)
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Source: Government of United Kingdom 2007c.

Breaking down emission sources for CO, by sector helps to
identify some of the challenges facing the United Kingdom. Emis-
sions from power stations, which represent around one-third of the
total, have increased in five of the last seven years. The transport
sector, now the second largest source of emissions, is on a sharply
rising trajectory, while emissions from industry and the residential
sector have not moved significantly. Changing these CO, emission
trajectories to make possible a reduction of 26-32 percent by 2020
will require radical new policies that align energy policy with climate
change mitigation goals. Among the options:

o Carbon taxation and strengthened cap-and-trade. Carbon
pricing is critical to sustainable carbon budgeting. Signalling
a commitment to carbon taxation in the range outlined in this
chapter offers one route for aligning energy markets with sus-
tainable carbon budget goals. Working through the European
Union’s cap-and-trade scheme is another option (section 3.2),
provided that the ceiling on emissions is set at a level consis-
tent with 26-32 percent cut in emissions by 2020.

« Power generation. The future energy mix in power generation will
shape the United Kingdom’s emissions trajectory. Since early
2000, increased use of coal, the most polluting fossil fuel, has
been instrumental in driving up emissions. Regulatory mecha-
nisms could be deployed to initiate the rapid retirement of highly
polluting plants, with a commitment to the accelerated introduc-
tion of zero-emission coal plants. Britain also lags far behind
best European Union practice on renewable energy: it currently
produces only 2 percent of its overall energy from renewables.
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The Renewables Obligation, a regulatory instrument, stipulates
the amount of electricity that power suppliers have to access
from renewable sources. It has achieved mixed results. The cur-
rent target is for the share of renewables to reach 10 percent
by 2010, rising to 15 percent by 2015. However, current trends
fall far short of these targets, and shorter still of the European
Union’s 20 percent target by 2020. If Britain is to achieve its
own stated goals, it will need to accelerate the development of
wind and tidal power. One option would be a system of renew-
ables support modelled on the German feed-in tariff system,
with stronger price incentives backed by public investment.

Cutting emissions from transport. Taxation and regulation
are mutually reinforcing instruments for cutting transport
emissions. Increased taxation on petrol is one demand
management mechanism. More broadly, vehicle excise duties
could be adjusted, with a steeper graduation to reflect the
higher CO, emissions associated with low fuel-efficiency
vehicles, especially sports utility vehicles. The national carbon
budget could establish ‘carbon pricing’ in vehicle taxation as

R —————————

a source of revenue for investment in renewable energy, with
vehicle tax registration for all new cars after 2010 graduated
to reflect more stringent pricing on CO, emissions. Rising
emissions from transport also reflect weaknesses in the public
transport infrastructure and a decline in the cost of private
transport relative to public transport.

« The residential sector. Energy use in the residential sector
remains highly inefficient. An average existing home requires
four times as much energy to heat as a new home. Around one-
third of the homes that will be occupied in 2050 are yet to be
built. With adoption and implementation of the best European
Union standards, this represents an opportunity for deep cuts
in emissions.

Setting the right targets is the starting point for sustainable car-
bon budgeting. Ultimately though, governments have to be judged on
policies and outcomes. Impressive inflation targets count for little in
the face of uncontrolled money supply. The same applies to climate
change targets. The challenge for the United Kingdom is to align a
more stringent target with wide-ranging energy policy reform.

Source: Anderson and Bowes 2007; Government of the United Kingdom 2006b, 2006c, 2007b, 2007c, 2007e; Seager and Milner 2007.
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However, faced with a threat on the scale posed
by climate change, voluntarism cannot substitute
for effective state action.

Developed countries that have not ratified
the Kyoto Protocol have relied on voluntary
targets. The only Federal target in the United
States is the (non-binding) emissions intensity
target. Other flagship programmes—such as
the Combined Heat and Power Partnership and
the Clean Energy—Environment State Partner-
ship—attempt to encourage voluntary reductions
by the corporate sector. In Australia, the national
climate change strategy does have a non-binding
target: emission cuts of 87 Mt CO, by 2010.*!
Voluntary measures, such as consumer education
and engagement with the private sector, are the
primary mechanism for achieving the objective.

Outcomes have not been encouraging.
The centrepiece of the voluntary programme
in Australia is the Greenhouse Challenge
Plus (GCP) initiative. Participating com-
panies are required to develop and publish
company-level greenhouse gas inventories and
strategies for cutting emissions. The GCP has
played an important role in informing public
debate and many participating companies
have adopted innovative strategies for cutting
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emissions. However, Australia’s overall green-
house gas emissions in 2004, not including
land-use change, were 25 percent above 1990
levels.?* Emissions of CO, from energy were
up by one-third and by 16 percent for indus-
trial processes.?? Voluntarism is clearly not
delivering the required outcome.

Recognition of this fact has prompted
several state and territory governments to
argue for a national programme for mandatory
emissions cuts to supplement voluntary efforts.
One prominent example is New South Wales,
which has set a target of reducing greenhouse
gas emissions by 60 percent by 2050.2* More im-
mediately, state legislation passed in 2002 aims
to cut emissions per capita from the production
and use of electricity from 8.6 tonnes to 7.3
tonnes between 2003 and 2007—a reduction
of 5 percent against the Kyoto Protocol thresh-
old.?> The Greenhouse Gas Abatement Scheme
sets annual statewide greenhouse gas reduction
targets, and then requires individual electricity
retailers to meet mandatory benchmarks based
on the size of their share of the electricity mar-
ket.2¢ Asin the United States, this is an example
of political leadership on climate change from
below.



]

“The aim is that the European Union leads the world in accelerating the shift to a low-carbon
economy.”
José Manuel Barroso, President of the European Commission, January 2007

What the European Union does in energy policy matters for the world. Its 27 countries account
for around 15 percent of CO, emissions worldwide and Europe has a strong voice in international
negotiations. Making that voice count depends critically on the demonstration of leadership by
practical example.

Ambitious targets have been set. In 2006, European governments agreed to aim at cuts of 20
percent in greenhouse gas emissions against 1990 levels by 2020, rising to 30 percent in the event of
an international agreement. At the heart of the strategy for achieving the target is a commitment to a
20 percent increase in energy efficiency.

Translating targets into concrete policies is proving more difficult. Proposals from the European
Union to achieve greater efficiency through market liberalization, including the ‘unbundling’ of energy
production, are contested by several member states. More broadly, there is no European Union-wide
strategy for translating the 20 percent reduction commitment into national carbon budgets through
taxation, strengthened efficiency standards or a more stringent cap-and-trade system. The European
Union Emission Trading Scheme (EU ETS) is the world’s largest cap-and-trade programme but it is
not geared towards attainment of the 20-30 percent cuts in emissions (section 3.2).

Prospects for the European Union meeting its Kyoto Protocol reduction commitments remain
uncertain. For the pre-2004 member states, it is estimated that current policies will achieve a reduc-
tion of 0.6 percent from the 1990 baseline. This means that the member states are less than one-tenth
of the way to achieving the target of an 8 percent reduction. More stringent enforcement of existing

energy efficiency regulations would go a long way towards closing the gap.

The European Union has taken one step towards leadership in global carbon mitigation: it has set

ambitious targets. Translating these targets into a coherent set of policies will require greater coher-

ence and bold reforms of the EU ETS, including far more stringent cuts in quota.

Source: CEC 2006b, 2007a; EC 2006c, 2007b; High-Level Task Force on UK Energy Security, Climate Change and

Development Assistance 2007.

Governments in countries that ratified the
Kyoto Protocol have also engaged with the pri-
vate sector in voluntary initiatives. In Japan,
the Voluntary Action Plan (VAP) was drawn
up by Government in consultation with the
Japanese Business Federation. It covers seven
major industrial sectors. The problem is that
companies are free to set their own targets.
In 2005, the Japanese Government set out a
new plan aimed at getting the country back
on-track to meet its Kyoto commitments by
achieving a 9 percent cut in emissions of the
industrial sector by 2010. The target under
the VAP is for the industrial and energy con-
verting sectors is to achieve emissions levels in
2010 that are below those in 1990.27

None of this is to downplay the importance
of corporate sector voluntary action. In the
United States, many companies are not waiting

for mandatory government targets to change
business practices. They are acting now.?® In
2003, 35 investors with US$4.5 trillion in assets
signed up to the Carbon Disclosure Project—a
voluntary arrangement for reporting corporate
emissions. There are now 155 institutional
investors with combined assets of US$21
trillion represented.?’ Many are participating in
a voluntary programme—‘Energy Star’—that
sets standards for energy efficiency. Companies
in the power sector are investing in the develop-
ment of renewable energy capacity. Meanwhile,
one of the world’s largest energy supply compa-
nies—American Electric Power—has set itself
the ambitious target of building one or more
Integrated Gas Combine Cycle power-plants
by 2010. Pollution-intensive industries—such
as steel and cement—have also developed
technologies to cut emissions.
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The experience of countries in Central and Eastern Europe (CEE)
and the Commonwealth of Independent States (CIS) serves to
highlight the important role of markets—and the consequences of
sending the wrong price signals.

When these countries moved from communist rule some 18
years ago, they exhibited some of the highest levels of energy inten-
sity in the world. Heavy subsidies for coal-based energy generation
and low prices for energy users created strong disincentives for
efficiency, and high levels of CO, pollution.

The transition from centrally planned economies has taken
the region through a painful restructuring process. During the first
half of the 1990s, energy demand and CO, emissions tracked the
economy in a dramatic decline—a fact that explains why transition
economies ‘over-achieved’ against their Kyoto targets. Since then,
energy policy reforms have produced a mixed picture.

Energy intensity (energy consumption per unit of GDP) and
the carbon intensity of GDP have fallen in all countries, albeit
at very different rates—and for different reasons (see table). In
the Czech Republic, Hungary and Poland advances have been
driven by economic reforms and privatization. Poland has almost
halved energy intensity against 1990 levels. Deep reforms in the
energy sector, including sharp increases in real prices, and the
transition from an economy based on large state enterprises to
private sector firms, have spurred rapid technological change.
Ten years ago, Poland used 2.5 times more energy per unit of
cement production than the European Union average. That dif-
ferential has now been eliminated. The energy intensity of GDP
has fallen by half since 1990.

Ukraine has achieved far lower reductions in energy and
carbon intensity. Moreover, the reductions owe less to reform
than to a change in energy mix: imports of natural gas from the
Russian Federation have halved the share of coal. The energy
reform process has yet to take off.
Energy prices remain heavily subsidized,
creating disincentives for efficiency gains
in industry. An influential commission

(e ——

country is the world’s third largest emitter of CO,, with a per capita
carbon footprint close to the OECD average.

The Russian Federation ratified the Kyoto Protocol in 2004.
When it did so, greenhouse gas emissions were 32 percent
below 1990 levels—a fact that bears testimony to the depth
of the recession that accompanied transition. Compared with
1990 levels, there has been considerable progress. However, the
Russian Federation remains an energy intensive economy—
twice as intensive as Poland. One reason for this can be
traced to the partial nature of economic reforms. While many
of the most inefficient state enterprises have been dismantled,
economic recovery has been driven by energy-intensive sectors,
such as minerals and natural gas.

Energy reform has also been partial. The natural gas sector
illustrates the problem. In 2004, it is estimated that Gazprom, the
state energy company, lost nearly 10 percent of its total produc-
tion through leaks and inefficient compressors. Inefficient flaring
of gas is another problem. Independent estimates suggest that
around 60 billion cubic metres of natural gas—another 8 percent
of production—is lost through flaring, suggesting that the Russian
Federation may be responsible for around one-third of global emis-
sions from this source.

Countries such as the Russian Federation demonstrate the im-
mense potential for achieving win-win outcomes for national energy
efficiency and climate change mitigation. Emissions trading through
carbon markets such as the EU ETS could play a role in supporting
low-carbon investment. However, unlocking the win-win potential
will require the creation of new incentive structures through energy
reform. Higher energy prices, the scaling down of subsidies, the
introduction of a more competitive energy sector with strengthened
independent regulation, and wider governance reforms are among
the priorities.

Carbon and energy intensity is reducing in transition economies

€0, emissions

Energy intensity

Carbon intensity

created by the Government—the Blue Total CO, emissions per capita (Energy use per unit of (CO, per unit of
Ribbon Commission—has called for (MLCO,) e, ELP AR ELF PR
far-reaching reforms. The proposals range 1990 2000 2004 1990 2004 1990 2004 1990 2004
from cost-recovery pricing to the creation  Russian Federation® 1984 1470 1,624 184 106 063 049 161 117
of an independent energy regulator and the Poland 348 301 307 9.1 8.0 0.36 0.20 1.24 0.68
withdrawal of subsidies. Progress towards Ukraine * 600 807 330 15 70 0.56 0-50 1.59 118
implementation has been slow, but has LT D o2 2l & Sl8 U Uil L) Ui/
. . . Czech Republic 2 138 119 17 13.4 1.4 0.32 0.26 1.03 0.66
gathered pace following an interruption of
. . . Slovakia 2 44 35 36 8.4 6.7 0.37 0.26 0.96 0.51
gas supplies from the Russian Federation
in 2006 CEE and the CIS 4182 2,981 3,168 10.3 79 0.61 0.47 1.49 0.97
' OECD 11,205 12,886 13,319 10.8 11.5 0.23 0.20 0.53 0.45

Developments in the Russian
Federation’s energy sector are a matter

of global concern for climate change. The

a. 1990 data refer to 1992.

Source: HDRO calculations based on Indicator Tables 22 and 24.

Source: GUS 2006; High-Level Task Force on UK Energy Security, Climate Change and Development Assistance 2007; Olshanskaya 2007; Perelet, Pegov
and Yulkin 2007; Stern 2006; UNDP, Ukraine 2005; Urge-Vorsatz, Miladinova and Paizs 2006.
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As these positive examples suggest, voluntary
initiatives for climate change mitigation have
an important role to play. They can inform
consumer choice, create incentives for companies
and establish best practice models. But voluntary
action is not enough. It has not been enough to
push emission trends in adownward direction in
Australiaorin the United States. In other areas of
public policy—national security, nuclear safety

or the regulation of environmental pollution,
for example—governments would not consider
reliance on voluntary action alone. Yet when it
comes to climate change, there is a damaging
tendency to overstate the role of ‘choice” and
understate the importance of government
action. Ultimately, failure to recognize the limits
to voluntarism will compromise climate change

mitigation.

3.2 Putting a price on carbon—the role of markets

and governments

The debate on climate change has shifted in
recent years. The argument is no longer about
whether or not the world is warming, or
whether or not human-induced climate change
is responsible. Today, the debate is about how to
tackle the problem.

In an ideal world, the marginal cost of
carbon would be aligned with the damage—or
externalities—caused by additional emissions,
leaving the actors responsible for those emissions
to pay the full social cost of their actions. In the
real world, putting the full-cost price on carbon
is a tricky business. The monetary and wider
social costs of carbon emissions are large but
uncertain—and they are spread across countries
and generations. One important outcome is
that emitters do not face the consequences of
their own pollution.

None of this represents an insurmountable
obstacle to the development of carbon pricing,
We may not be able to calculate the precise social
costs of emissions. However, we know the order
of magnitude for emission reductions required to
avoid dangerous climate change. Our sustainable
emissions pathway provides a first approximation.
The immediate challenge is to push the price of
carbon to a level consistent with this pathway,
cither through taxation or quota, or both.

Taxation versus ‘cap-and-trade’

The case for putting a price on carbon as
part of a climate change mitigation strategy

is increasingly widely accepted. But where
should the price be set? And how should it be
generated? These questions are at the heart of
a somewhat polarized debate over the relative
merits of carbon taxation and ‘cap-and-trade’
programmes. The polarization is unhelpful—
and unnecessary.

Both carbon taxation and cap-and-trade
systems would create economic incentives to
drive emission reductions. Under a carbon tax,
emitters are required to pay a price for every
tonne of emissions they generate. Using a tax
to achieve a specified reduction in emissions
requires decisions on the level of tax, who should
pay and what to do with the revenue. Under a
cap-and-trade programme, the government sets
an overall emissions cap. It then issues tradable
allowances—in effect, ‘permits to pollute’—that
allow business the right to emit a set amount.
Those who can reduce their emissions more
cheaply are able to sell their allowances to others
who would otherwise be unable to comply.
Usinga cap-and-trade programme means taking
decisions on where to set the pollution ceiling,
who should be issued with allowances and how
many of the allowances should be sold rather
than given away free.

The case for carbon taxation

Proponents of carbon taxation claim a broad
range of advantages over cap-and-trade
systems.>® These can be clustered into four

categories:

HUMAN DEVELOPMENT REPORT 2007/2008

The monetary and wider
social costs of carbon
emissions are large but
uncertain—and they are
spread across countries

and generations

uolaebiaiw oy saifsqedss :abueyo ajewo snoudabuep Buipiony Iw I

125



Avoiding dangerous climate change: strategies for mitigation

126

There are strong grounds
for introducing
cap-and-trade, especially
to meet the short term and
medium-term goals upon
which success in avoiding
dangerous climate change

ultimately depends

o Administration. Advocates of tax-based
approaches maintain that they offer wider
administrative advantages. In principle,
duties on CO, emissions can be intro-
duced through the standard tax system,
with opportunities for evasion limited by
enforcement at key points in the economy.
One estimate for the United States suggests
that a carbon tax applied to 2000 entities
could cover virtually all fossil fuel consump-
tion, limiting opportunities for evasion.’!

o Limiting distortions caused by vested interests.
As in any system of quota allocation,
cap-and-trade schemes are open to manipula-
tion by vested interests. As one commentator
has written, issuing allowances is “in essence
printing money for those in control of the
permits”.>* Who gets how many permitsand at
what priceare issues that have to be determined
through political processes. Inevitably those
processes are open to influence by powerful
actors—power companies, oil companies,
industryand retailing, to name a few. Pandemic
cheating has been highlighted as the Achilles’
heel of cap-and-trade approaches.

o Price predictabiliry. While both taxation and
cap-and-trade raise the cost of CO, emissions,
they do so in very different ways. Carbon
taxes directly influence price in a predictable
fashion. By contrast, cap-and-trade schemes
control quantity. By fixing the quantity of
emissions, such schemes will drive prices
through whatever adjustment corresponds
to the quota ceiling. Critics of cap-and-trade
argue that quotas will accentuate energy price
fluctuations, affecting business investment
and houschold consumption decisions.

e Revenue mobilization. Carbon taxation
has the potential to generate large streams
of revenue. Because the tax base for carbon
levies is so large, even a modest tax could
deliver considerable amounts. For the
OECD, a tax on energy-related CO,
emissions set at US$20/t CO, would release
up to US$265 billion annually.?® Revenues
derived from carbon taxation can provide a
source of finance for the reform of taxation
systems, while maintaining fiscal neutrality
(leaving the tax-to-GDP ratio unchanged).
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Carbon tax revenue can be used to reduce
taxation on employment and investment, or
to create new incentives for the development
oflow-carbon technologies. For example, in
the early 1990s Norway introduced a carbon
tax on energy which now generates almost
2 percent of GDP in revenue. The revenue
flows from carbon taxation have supported
technological innovation and financed
reductions in labour taxes.>* In Denmark,
carbon taxation has played an important role
in reducingcarbon intensity and promoting
the development of renewable energy. Since
1990, the share of coal in primary energy use
has fallen from 34 to 19 percent, while the
share of renewables has more than doubled
to 16 percent.

Taxes and quotas: the difference

can be exaggerated

Carbon taxation does offer an effective route
for cutting emissions. Many of the claimed
advantages are real—as are many of the
problems highlighted with cap-and-trade
systems. Yet there are strong grounds for
introducing cap-and-trade, especially to meet
the short term and medium-term goals upon
which success in avoiding dangerous climate
change ultimately depends. Moreover, differ-
ences between cap-and-trade and taxation can
be overstated. In practice, neither approach is
inherently more complex than the other. Both
require monitoring, enforcement and effective
governance systems—and both have to address
the question of how to distribute costs and
benefits across society.

Administrative complexity is one area in
which the differences have been overstated.
Quota-based systems in any economic sector
can create formidably difficult administrative
problems.® However, the concentration of
CO, emissions in large-scale power plants and
carbon-intensive industries makes it possible
to operate cap-and-trade schemes through a
relatively small number of enterprises. The EU
ETS, considered in more detail below, operates
through less than 11,000 enterprises.

Administration of carbon levies through

the tax system may have some operational



advantages. Even so, tax systems can also be
highly complex, especially when, as would be
the case with carbon taxation, they incorpo-
rate exemptions and special provisions.
Moreover, the design and implementation of
taxation systems is no less open to lobbying by
vested interests than permit allocations under
cap-and-trade programmes.

Price volatility is a challenge in
cap-and-trade systems. Here too, however, it is
important not to over emphasize the differences.
If the policy aim is to achieve quantitative
goals in the form of reduced emissions, carbon
taxation will have to be constantly amended in
the light of quantitative outcomes. Marginal tax
rates would have to be adjusted to reflect under-
shooting or overshooting, and uncertainties
over marginal tax rates could become a source
of instability in energy prices.

What about the argument that carbon
taxation offers a predictable revenue stream
to finance wider tax reform? This is an
important potential benefit. However,
cap-and-trade programmes can also generate
revenues, provided that they auction permits.
Transparent auctioning offers several
advantages apart from revenue mobiliza-
tion. It enhances efficiency and reduces the
potential for lobbying by vested interest
groups, addressing two of the major drawbacks
with quota systems. Signalling the gradual
introduction and scaling up of auctioning to
cover 100 percent of permit allocation should
be an integral part of cap-and-trade design.
Unfortunately, this is not happening under
the EU ETS, though several states of the
United States have proposed the development
of auction-based cap-and-trade systems.

From a climate change mitigation perspec-
tive, cap-and-trade offers several advantages. In
effect, taxes offer greater price certainty, while
cap-and-trade offers greater environmental
certainty. Strict enforcement of the quota
guarantees a quantitative limit on emissions,
leaving markets to adjust to the consequences.
The United States acid-rain programme
provides an example of a cap-and-trade scheme
that has delivered tangible environmental
benefits. Introduced in 1995, the programme

targeted a 5O percent reduction in emissions of
sulphur dioxide (SO,). Tradable permits were
distributed in two phases to power plants and
other SO, -intensive units, creating incentives
for rapid technological change. Today, the
targets are close to attainment—and sensitive
ecosystems are already recovering.>

In the context of climate change, quotas
may be the most effective option for achieving
the stringent near-term goals for emission
reductions. Put simply, cap-and-trade offers
a quantitative mechanism for achieving
quantitative targets. Getting the price right
on marginal tax would produce an equivalent
effect over time. But getting the price wrong in
the early stages would compromise mitigation
efforts because it would lead to higher emissions
requiring more stringent future adjustments.

What is important in the context of any
debate over the relative merits of carbon taxa-
tion and cap-and-trade is clarity of purpose.
The ambition has to be aligned with the carbon
emissions trajectory for avoiding dangerous
climate change. For developed countries, that
trajectory requires 30 percent cuts by 2020 and
at least 80 percent cuts by 2050 against 1990
levels. The credibility of any cap-and-trade
scheme as a mechanism for avoiding danger-
ous climate change rests on its alignment with
these targets—a test that the EU ETS currently
fails (see below).

Estimating carbon taxation levels consist-
ent with our sustainable emissions pathway
is difficult. There is no blueprint for estimat-
ing the marginal taxation rate consistent
with that pathway. One reason for this is
uncertainty about the relationship between
changed market incentives and technological
innovation. Economic modelling exercises
suggest that a carbon price in the range of
US$60-100/t CO, would be broadly consist-
ent with the mitigation efforts required. The
introduction of the tax would have to be carefully
sequenced to achieve the twin goal of signalling
the long-term direction of policy, without
disrupting markets. One possible option is a
graduated approach along the following lines:

e A rtax of US$10-20/t CO, introduced

in 2010;

Economic modelling
exercises suggest that a
carbon price in the range of
US$60-100/t CO, would be
broadly consistent with the

mitigation efforts required
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The climate change benefits
of carbon taxation or
cap-and-trade systems will
be limited if governments
do not complement

reforms in these areas

with a curtailment of

fossil-fuel subsidies

e An annualized increase in taxation of
US$5-10/t CO, adjusted on a rolling basis
to take into account the national emissions
trajectory.’’

It should be emphasized that the aim of
introducing carbon taxation is climate change
mitigation—not revenue raising. Taxes on CO,
can be increased without raising the overall tax
burden. Indeed, fiscally neutral carbon tax
reform offers a potential to finance wider reforms
of the taxation system. As seen before, lowering
taxes on employment or investment can create
incentives for the development of low-carbon
technologies. Because carbon taxation has the
potential to feed through into higher prices
for energy, overcoming the regressive effects by
using revenues to support low income groups is
also important.

Where should
cap-and-trade programmes be applied? The

carbon taxes or
optimal approach would be to create a single
global price for carbon, with the distributional
consequences addressed through international
transfers (just as national transfers are used
to compensate for the effects of taxation). In
theory, it is possible to design a transitional
route to this goal, with taxes or cap-and-trade
quotas graduated to reflect the circumstances of
rich and poor countries. In practice, the world
lacks the political, administrative and financial
governance structures to oversee taxation or
cap-and-trade systems covering both developed
and developing countries.

That does not mean that the world cannot
move towards a global carbon price regime.
The issue is one of sequencing. For developed
countries, the priority is to build upon current
cap-and-trade schemes or to introduce carbon
taxation consistent with the emission reduc-
tion targets set out in our sustainable emissions
pathway. Integrating emerging carbon markets
in Australia, Europe, Japan and the United
States provides a skeletal structure for global
carbon trading. Developing countries could
gradually integrate into international systems
by establishing their own cap-and-trade
schemes, or by introducing carbon taxation
as they seck to reduce their emissions over a

longer-term time horizon.
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Eliminating perverse subsidies

Whatever their respective merits, the climate

change benefits of carbon taxation or

cap-and-trade systems will be limited if
governments do not complement reforms in these
areas with a curtailment of fossil-fuel subsidies.

While OECD countries as a group have been

reducing these subsidies over time, they continue

to distort markets and create incentives for
carbon-intensive investments. Overall, OECD
subsidies for fossil-fuel energy are estimated at

US$20-22 billion annually. From a climate

change mitigation perspective, these subsidies

are sending precisely the wrong market signals
by encouraging investments in carbon-intensive
infrastructure. Among the examples:

e In the United States, the congressional
Joint Committee on Taxation estimates
tax concessions for exploration and
development of fossil fuels at US$2 billion
annually for 2006-2010.%® Old coal power
plants in the United States are also subject
to weaker pollution controls under the
Clean Air Act than newer plants—in effect
providing them with an indirect subsidy
for pollution.*

e In 2004, the European Environment
Agency estimated on-budget state subsidies
for coal production to total €6.5 billion
(US$8.1 billion), dominated by Germany
(€3.5 billion, some US$4.4 billion) and
Spain (€1 billion, some US$1.2 billion),
with off-budget support generating a
similar amount.*’ In 2005, the European
Commission approved a €12 billion
(US$15 billion) grant for 10 coal mines in
Germany.*!

e Aviation fuel used in domestic and inter-
national flights is exempt from fuel duty in
many countries. This is an obvious contrast
to the position for petrol used in cars, where
fuel duties figure prominently in final prices
paid by consumers. The tax advantage
enjoyed by aviation fuel represents an
implicit subsidy on air transport, though the
level of subsidy varies across countries.*?
Subsidy elimination and taxation on flights

and fuel, or the application of cap-and-trade to

the aviation industry are priorities.



Cap-and-trade—Ilessons from the
EU Emission Trading Scheme

Climate change realpolitik presents a powerful
case for cap-and-trade. Whatever the theoreti-
cal and practical merits of carbon taxation, the
political momentum behind cap-and-trade is
gathering pace. The next few years are likely to
witness the emergence of mandatory emissions
controls in the United States with an expansion
of institutionalized carbon trading. More
broadly, there is a prospect that the post-2012
Kyoto framework will witness a process of
integration between carbon markets in the
developed world, with strengthened carbon
financing links to developing countries. None
of this precludes an expanded role for carbon
taxation. However, cap-and-trade programmes
are emerging as the primary vehicle for market-
based mitigation—and it is vital that they are
implemented to achieve the central objective
of avoiding dangerous climate change. These
are important lessons to be learnt from the
European Union.

The EU Emission Trading Scheme—a big
scheme with a short history

The EU ETS is by far the world’s largest
cap-and-trade scheme. For the European Union
it represents a landmark contribution to climate
change mitigation. To its critics, the EU ETS
is a design-flawed confirmation of all that is
wrong with cap-and-trade schemes. Reality is
more prosaic.

The first phase of the EU ETS ran from 2005
t0 2007. Phase IT will run for a S-year period to
the end of 2012.%> Writing off an experiment
on the scale of the EU ETS before the end of its
pilot phase might be considered a case-study in
premature judgement. However, the scheme has
undoubtedly suffered from a number of flaws in
design and implementation.

The origins of the EU ETS can be traced to
the “flexibility mechanisms’ introduced under
the Kyoto Protocol.** Through these mecha-
nisms, the Protocol aimed to create a mechanism
for achieving emission reductions at lower cost.
The EU ETS operates through the allocation

and trading of greenhouse gas emission permits.

The permits are allocated to member states and
distributed to identified emitters, which in turn
have the flexibility to buy additional allowances
or to sell surplus allowances. In the first phase
of the EU ETS, 95 percent of allowances had to
be distributed free of charge, severely restricting
the scope for auctioning,.

Other Kyoto flexibility mechanisms have
been linked to the EU ETS. The Clean Develop-
ment Mechanism (CDM) is an example. This
allows countries with a Kyoto target to invest
in projects that abate emissions in developing
countries. The rules governing the generation of
mitigation credits through the CDM are based
on the twin principles of ‘supplementarity’ and
‘additionality’. The former requires that domestic
action on mitigation should be the primary source
of emission reductions (though there are no quan-
titative guidelines); the latter requires evidence
that the abatement would not have occurred in
the absence of the CDM investment. Between the
end of 2004 and 2007, there were 771 registered
projects with a declared reduction commitment
of 162.5 Mt CO,e. Just four countries—Brazil,
China, India and Mexico—accounted for three-
quarters of all projects, with sub-Saharan Africa
representing less than 2 percent.®

Rapid institutional development is one
of the positive lessons to emerge from the EU
ETS. During the first phase, the scheme covered
around one-half of the European Union’s total
greenhouse gas emissions, spanning 25 countries
and over 10,000 installations in a wide range
of sectors (including power, metals, minerals
and paper). It has spawned a large market. In
2006, transactions involving 1.1 billion tonnes
of CO, e worth €18.7 billion (US$24.4 billion)
took place in a global carbon market worth €23
billion (US$30 billion).*¢

Three systematic problems

The EU ETS provides an institutional structure

that has the potential to play a key role in an

ambitious European Union climate change

mitigation strategy. That potential has yet to be

realized, however. During the first phase, three

systemic problems emerged:

o Overallocation of permits, creating the
wrong price signals. In the initial stages of
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development is one of
the positive lessons to
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allowance trading, prices climbed to €30/t
CO, (US$38/t CO,) in April 2006, before
collapsing and stabilizing at prices below
€1/t CO, (US$1.3/t CO,) in 2007 The
reason for the collapse: publication of data
showing that the cap had been set above
emission levels.*® Overallocation, the short
time-horizon for the first phase, and uncer-
tainty about allocations in the second phase
have fuelled price volatility and kept prices
depressed though there are signs of recovery
(figure 3.2).

Windfall profits for the few. Carbon trading
duringthe first 3 years of the EU ETS did little
to reduce overall emissions, but it did generate
very large profits for some. In the power sector
in particular, companies were able to cover
their emissions through free quotas, pass on
costs to consumers and benefit from market
opportunities to trade excess quotas.”’ The
United Kingdom Government estimates that

large electricity generators gained £1.2 billion
(US$2.2 billion) in 2005.3° Estimates for the

EU Emission Trading Scheme (ETS) permit prices (€/t CO,)

power sectors in France, Germany and the
Netherlands put the windfall profit gener-
ated through emissions trading at around €6

billion (US$7.5 billion) for 2005.5!

o Lost opportunities for revenue mobilization.

CO, emissions permits have a real market
value. For their holders they are the same as
cash-in-hand. Selling quotas through auction
can enable governments to mobilize resources,
avoid political manipulation and achieve
efficiency goals. This has not happened under
the EU ETS. In the first phase, a ceiling of
5 percent was set on the share of allowances
that could be auctioned. In the event, just one
country—Denmark—took advantage of this
limited opportunity. Allowances have been
distributed on the basis of historic emissions,
rather than efficiency—an arrangement
known as ‘grandfathering’. The result is that
governments have foregone opportunities for
revenue mobilization and/or tax reductions,
with the ‘rents’ from emissions trading
privatized.

- Carbon prices in the European Union have been volatile

35
N Phase 1 (spot price)
N Phase 2 (for delivery December 2008)
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Information on oversupply of Phase 1
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Source: Point Carbon 2007.
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Prospects for the second phase

Will these problems in the EU ETS be corrected
in the second phase, which runs from 2008
to 20122 While the scheme has been streng-
thened in some areas, serious problems remain.
Governments have not scized the opportunity
to use the EU ETS to institutionalize deep
cuts in emissions. Most seriously, the scheme
remains de-linked from the European Union’s
own emissions reduction targets for 2020.

Allowances have so far been approved for
22 member states.’* The cap for these countries
has been lowered: it is around 10 percent below
the level set for the first phase and marginally
below verified 2005 emissions. There is already
evidence that markets are responding to stronger
political signals. Prices for Phase IT allowances
on futures markets have recovered. Market
forecasts by Point Carbon anticipate a price
range of €15-30/t CO, (US$19-37/t CO,),
depending on the costs of abatement.

These are positive developments. Even
so, when measured against the yardstick of
sustainable carbon budget management the
design of the second phase of the EU ETS
has to be judged quite harshly. The cap set for
2008 to 2012 is just 2 percent below verified
emissions for 2005. This is not compatible with
a sustainable emissions pathway that would lead
to a 30 percent cut in emissions by 2020 based
on 1990 levels. For most countries, the EU ETS
second phase will not require major adjustments
(table 3.2). An underlying problem is that the EU
ETS has been interpreted by European Union
governments as a vehicle for delivering on the
very limited Kyoto commitments, rather than as
anopportunity to act on the 2020 commitments.
This is despite of the fact that the mandate for
the EU ETS extends to “emissions development
and reduction potential”>* Another element of
continuity with the first phase is auctioning,
While the bar has been raised, there is still a limit
of 10 percent on the share of permits that can be
distributed through auctioning, perpetuating
losses for public finance and efficiency.>*

Negotiations on the second phase of the
EU ETS have highlighted a number of wider
challenges for the European Union. As long
as cap-setting remains the remit of individual

Proposals for the European Union Emissions Trading Scheme

Emissions cap for 2008-2012 period

2005 verified

Allowed by European

emissions under Proposed by Allowed by European Commission
Phase Il of ETS government Commission as % of 2005
(Mt co,) (Mt co,) (Mt co,) emissions

Austria 33 33 31 94
Belgium 56 63 59 105
Czech Republic 83 102 87 105
Finland 33 40 38 115
France 131 133 133 102
Hungary 26 31 27 104
Germany 474 482 453 96
Greece 7 76 69 97
Ireland 22 23 21 95
Italy 226 209 196 87
Netherlands 80 90 86 108
Spain 183 153 152 83
Sweden 19 25 23 121
United Kingdom 2422 246 246 101
Total 1,943 2,095 1,897 98

a. Does not include the United Kingdom's installations which were temporarily excluded from the scheme in 2005 but will be covered in 2008

t0 2012, estimated to amount to 30 Mt CO,,.

Source. European Union 2007c.

member states, the battle to set more robust
targets will continue. Most governments sought
Phase IT allowances above 2005 emission levels.
The underlying problem is that cap setting at a
national level is a highly political exercise that
opens the door to intensive, and highly effective,
lobbying by national industries and ‘energy
champions.” So far, European governments
have shown a tendency to succumb to pressure
from highly polluting industries, with the
result that very weak limits have been placed on
overall emissions.> Bluntly stated, European
Union governments have been bolder in setting
aspirational targets for 2020 than they have
been in setting concrete emission caps under the
actually functioning EU ETS.

Against this backdrop, there is a strong case
for empowering the European Commission to
set—and enforce—more robust targets aligned
with the European Union’s 2020 emission
reduction goals. Another priority is to rapidly
increase the share of quotas that are auctioned
in order to generate the incentives for cfﬁciency
gains and finance wider environmental tax
reforms. Aiming at 100 percent auctioning by

HUMAN DEVELOPMENT REPORT 2007/2008

uolaebiaiw oy saifsqedss :abueyo ajewo snoudabuep Buipiony Iw]

131



Avoiding dangerous climate change: strategies for mitigation

132

Effective public policies
can help create win-win
outcomes for global climate
security, national energy

security and living standards

2015 is a realistic goal. For sectors—such as
power generation— facing limited competition,
rules could be revised to allow for one-half of
permits to be auctioned by 2012.

There are two CDM-related dangers that
the European Union also has to address. The
first is the danger of overuse. Opportunities
for generating emission trading credits overseas
should not totally displace mitigation in the
European Union. If companies are able to meet
their EU ETS obligations primarily by ‘buying
in’ mitigation in developing countries while
putting in place carbon-intensive investments
at home, that is evidence for insufficiently
ambitious targets. One detailed study of national
allocation plans for nine countries estimates
that between 88 and 100 percent of emissions
reductions under the second phase of the EU

ETS could take place outside of the European
Union.>® Against this backdrop, it is important
that emission credits play a supplementary role,
as envisaged under the Kyoto Protocol.

The second danger concerns the authenticity
of CDM emission reductions. Rules governing
the arrangement require that emission reduc-
tions are ‘additional’—that is, they would not
have happened in the absence of CDM invest-
ments. In practice, thisis difficult to verify. There
is evidence that some CDM credits have been
acquired for investments that would have taken
place anyway.”” Far more stringent independent
monitoring is required to ensure that carbon
trading does not act to dilute real mitigation.
The need for such stringent monitoring raises
questions about the further expansion of the

CDM based on the current model.

3.3 The critical role of regulation and

government action

Putting a price on carbon either through
taxation or cap-and-trade schemes is a neces-
sary condition for avoiding dangerous climate
change. But carbon pricing alone will not be
sufficient to drive investments and change
behaviour at the scale or speed required. There
are other barriers to a breakthrough in climate
change mitigation—barriers that can only be
removed through government action. Public
policies on regulation, energy subsidies and
information have a central role to play.

There are no blueprints for identifying in
advance the appropriate policies to create an
enablingenvironment forlow-carbon transition.
However, the problems to be addressed are well-
known. Changing the energy mix in favour of
low-carbon energy requires large up-front
investments and a long-term planning horizon.
Markets alone will not deliver. Government
regulatory mechanisms backed by subsidies and
incentives have a key role in guiding investment
decisions. Energy efficiency standards for
buildings, electrical appliances and vehicles
can dramatically curtail emissions at low
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cost. Meanwhile, policy support for research
and development can create conditions for a
technological breakthrough.

Effective public policies can help create
win-win outcomes for global climate security,
national energy security and living standards.
Improvements in end-use efficiency illustrate
the potential. Scenarios developed by the
International Energy Agency (IEA) point
to the potential for efficiency savings to cut
emissions by 16 percent in OECD countries by
2030. Every US$1 invested in securing these
reductions through more efficient electrical
appliances could save US$2.2 in investment in
power plants. Similarly, every US$1 invested in
more efficient fuel standards for vehicles could
save US$2.4 in oil imports.’

While estimates of the cost—benefit
ratios for efficiency gains vary, as these figures
demonstrate, there are large gains on offer. Those
gains can be measured in terms of consumer
savings, reduced dependence on oil imports
and reduced costs for industry. They can also be
measured in terms of cut-price climate change



mitigation. Viewed differently, the failure to
unlock efficiency gains is a route to ‘lose—lose’
outcomes for global climate security, national
energy security and consumers. In this section
we look at the place of regulatory provision and
public policy in four key arcas:

e Power generation;

e Residential sector;

e Vehicle emission standards;

e Research, development and deployment of

low-carbon technologies.

Power generation—changing
the emissions trajectory

Power generation is the main source of CO,
emissions. It accounts for four in every ten
tonnes of CO, dispatched to the Earth’s
atmosphere. How countries generate electricity,
how much they generate and how much CO,
gets emitted with each unit of energy produced
are critical in shaping the prospects for stringent
climate change mitigation.

Current scenarios point in some worrying
directions. World electricity demand is projected
to double by 2030. Cumulative investments for
meeting this demand are projected by the IEA
at US$11 trillion from 2005 to 2030.5 Over
half of this investment will happen in developing
countries characterized by low levels of energy
efficiency. China alone will account for around
one-quarter of projected global investments.
Projected investments for the United States are
estimated at US$1.6 trillion, reflectinga large-scale
replacement of existing power generation stock.

Emerging power generation investment
patterns point in a worrying direction. They
suggest that the world is being too locked
into the growth of highly carbon-intensive
infrastructures. Coal figures with growing
prominence in planned power supply. The
largest increases in investment are planned in
China, India and the United States—three
of the four largest current sources of CO,
emissions. In each of these countries, rapid
expansion in coal-fired power generation
capacity is already under way or in the pipeline.
In 2006, China was building an estimated
two new coal-fired power stations every week.

Authorities in the United States are consider-
ing proposals for building over 150 coal-fired
power plants, with planned investment of
US$145 billion to 2030.°° Over the next 10
years, India is planning to increase its coal-
fired electricity generation capacity by over
75 percent.®! In each case, the expansion in
capacity is one of the major drivers of a large
projected increase in national CO, emissions
(Aigure 3.3).

What are the prospects for achieving
deep cuts in CO, emissions linked to power
generation? The answer to that question will
depend partly on the rate at which new low-
carbon technologies are developed and deployed,
partly on the rate at which major developing
countries adopt these technologies, and partly
on demand-side factors such as savings through
efficiency gains—issues that we consider in later
sections of this chapter. Public policies that
shape the energy mix will be important in each
of these areas.

Coal set to raise CO,
emissions in power sector

C0, emissions from power generation,
2004 and 2030 (projected Gt CO,)

6
Gas

0il
Coal

3 S

20042030 20042030 20042030 20042030 20042030 2004 2030
China India Russian United  Africa  European
Federation States Union

Note: 2030 emissions refer to the IEA Reference scenario as defined
in IEA 2006c.

Source: IEA 2006¢.

Power generation is the main
source of CO, emissions. It
accounts for four in every ten
tonnes of CO, dispatched

to the Earth’s atmosphere
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The energy mix

Current energy mix in the OECD countries
is heavily dominated by fossil fuels. Changing
this mix in favour of low-carbon or zero-carbon
energy could lead to cuts in emissions. However,
energy systems cannot be transformed
overnight.

Nuclear power is one low-carbon option.
However, it is an option that raises some
difficult questions for policymakers. On the one
hand, nuclear power offers a source of electricity
with a near-zero carbon footprint. It has the
additional advantages of reducing dependence
onimported fossil fuels and providinga source of
energy that is less subject to price volatility than
fossil fuel. On the other hand, nuclear energy
raises concerns about safety, the environmental
repercussions and the proliferation of nuclear
weapons—concerns that are reflected in
widespread public opposition to expansion. On

balance, nuclear energy is likely to remain an
important part of overall supply. However, in
terms of long-run climate mitigation potential,
it is unlikely to play a prominent role and its
market share could shrink (box 3.6).92
Renewable energy from the sun, wind and
sea tides remains substantially underexploited.
Discounting hydroelectricity, the renewables
sector currently accounts for only around 3
percent of power generation in OECD countries.
Achieving a target of 20 percent by 2020, as
envisaged by the European Union, is a practical
goal. With current technologies, renewable
energy is not competitive with coal-fired power.
However, scaling up a tax on carbon emissions
to US$60-100/t CO, would radically change
incentive structures for investment, eroding the
advantage currently enjoyed by carbon-intensive
power suppliers. At the same time, a range of
supportive policies are required to stimulate

Does nuclear power provide a cost-effective route for aligning
energy security and climate security? Proponents point to
potential benefits for carbon mitigation, price stability and reduced
dependence on oil and gas imports. Critics of nuclear energy
contest the economic arguments and claim that the environmental
and military risks outweigh the benefits. The real answer probably
lies somewhere in between these positions.

Nuclear energy reduces the global carbon footprint. It
currently accounts for around 17 percent of the world’s elec-
tricity generation. Some four-fifths of this capacity is located
in 346 reactors in OECD countries. The share of nuclear in the
national energy mix for electricity production ranges from over
20 percent for the United Kingdom and the United States to
80 percent in France. Phasing out nuclear energy without
phasing in an equivalent supply of non-nuclear, zero-carbon
energy from an alternative source is a prescription for increased
emissions of CO,.

That does not make nuclear power a panacea for climate
change. In 2006, one reactor was started up—in Japan—while six
were shut down in other OECD countries. Just to keep pace with
retirements, eight new plants a year will be needed to 2017. While
some countries (such as Canada and France) have announced
plans for expanding nuclear energy, in others (including Germany
and Sweden) a phase-out is under active consideration. In the
United States, no nuclear plants have been ordered for over three
decades. Medium-term projections point to a static or shrinking
nuclear share in global energy supply.

Source: Burke 2007; IEA 2006¢; NEA 2006.
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These projections could change—but there are big
economic questions to be addressed. Nuclear plants are highly
capital-intensive. Capital costs range from US$2-3.5 billion per
reactor, even before decommissioning and the disposal of nuclear
waste are factored in. In the absence of government action to
provide guaranteed markets, reduce risks and dispose of nuclear
waste, there would be little private sector interest in nuclear
power. The question for governments is whether nuclear is more
cost-effective over the long term than low-carbon alternatives, such
as wind power and solar power.

Non-economic questions relating to governance and regulation
also loom large in nuclear energy debates. In many countries, public
concerns over safety remain deeply entrenched. At an international
level, there is a danger that nuclear technologies can be used to
generate weapons-grade fissile material, irrespective of whether the
material is designated for military purposes. Without an international
agreement to strengthen the Non-Proliferation of Nuclear Weapons
Treaty, the rapid expansion of nuclear energy would pose grave risks
to all countries. Institutional mechanisms to restrict the crossover
between civilian and military applications of nuclear energy have to
include enhanced verification and inspection. Greater transparency,
allied to clearly defined, monitorable and enforceable rules on the use
and disposal of weapons-usable material (highly enriched uranium
and plutonium) in civilian nuclear programmes, is also required.
Developed countries could do far more to meet the governance
challenge, notably by reducing their own nuclear arsenals and
promoting more active diplomacy to advance non-proliferation.



investment through the creation of predictable
and stable markets for renewable energy.

Current trends underline the potential for
rapid growth in renewable energy provision.
Both wind power and solar power are
expanding sources of energy. Global investment
in renewable energy has increased rapidly, from
US$27 billion in 2004 to US$71 billion in
2006 alone.®* Remarkable efficiency gains
have been registered. Modern wind turbines
produce 180 times more energy at less than half
the cost per unit than turbines 20 years ago.®*
Investments in the United States have increased
wind capacity by a factor of six in the interven-
ing period (figure 3.4).° Much the same has
happened in solar power. The efliciency with
which photovoltaic cells convert sunlight into
clectricity has climbed from 6 percent in the
early 1990s to 15 percent now, while their cost
has fallen by 80 percent.®

Public policies have the potential to supporta
rapid expansion in renewable energy. Regulatory
intervention is one instrument for the creation of
incentives. In the United States, around 21 states
have renewable portfolio standards requiring a
certain proportion of power sold to come from
renewable energy suppliers: in California, the
proportion is 20 percent by 2017.¢” By providing
guaranteed markets and setting favourable tariffs
over several years, governments can provide
renewable suppliers with a secure market in

which to plan investments.

Wind power in the US—capacity
is increasing and costs are falling
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Source: NREL Energy Analysis Office 2005a; World Wind Energy
Association 2007.

Germany’s Renewable Sources Act is
an example. This has been used to fix the
price of renewable power for 20 years on a
sliding scale. The aim has been to create a
long-term market while at the same time
creating competitive pressures that create
incentives for efficiency gains (box 3.7). In
Spain, the Government has used a national
premium tariff to increase the contribution
of wind power. This now meets around 8
percent of the country’s electricity demand,
rising to more than 20 percent in the densely
populated provinces of Castilla-La Mancha
and Galicia. In 2005 alone, the increase in
wind turbine capacity in Spain saved around
19 million tonnes of CO, emissions.®®

Fiscal policy also has an important role
to play in supporting renewable energy
development. The United States has emerged
as one of the world’s most dynamic markets
for renewable energy, with states such as
California and Texas now established as
global leaders in wind power generation.
Market support has been provided through a
three-year Production Tax Credit programme.
However, uncertainty over the renewal of
tax credits has given rise in the past to large
fluctuations in investment and demand.®’
Many countries have combined a wide
range of instruments to promote renewable
energy. In Denmark, the wind power sector
has been encouraged through tax breaks on
capital investment, preferential pricing and
a mandated target. The result: in the space
of two decades, wind power has increased its
share of electricity generation from less than
3 percent to 20 percent.”’

The development of renewable energy is not
a panacea for climate change. Because supplies
are contingent on natural forces, there are
problems with intermittent output. The initial
capital costs of connecting to national grids can
also be high, which is why the rapid expansion
of the industry in recent years has been linked to
the provision of subsidies. However, fossil fuel
based energy has also been heavily subsidized
over many decades—and in contrast to fossil
fuels, renewable energy provides important

returns for climate change mitigation.
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Many countries have
combined a wide range
of instruments to promote

renewable energy
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Experience in Germany confounds the argument that energy
economics militates against the rapid scaling up of renewable
energy provision in national grids. Public policy has combined
market regulation with structured incentives aimed at combining
climate change goals with the generation of dynamic efficiency
gains over time.

Under legislation introduced in the early 1990s—the Electricity
Feed Act (EEG)—successive German Governments have used their
regulatory authority to achieve public policy goals on carbon mitigation.
The EEG, which was replaced in 2000 with an expanded Renewable
Energy Sources Act, established the principle that utilities were
required to accept electricity from wind power and other renewable
sources. Policy intervention is geared towards the target of renewable
energy supply for 12.5 percent of Germany’s energy needs by 2010.

Regulatory intervention has been backed by direct intervention
in energy markets. Prices for renewable energy have been fixed for
20 years on a sliding scale that declines over time. The objective

Source: Butler and Neuhoff 2005; Henderson 2007; Mendonca 2007.

I ————

has been to create a predictable market for renewable investors,
thereby stimulating innovation, while at the same time ensuring
that competitive pressures are maintained and efficiency gains are
passed on to the public. Solar power providers receive €0.45 per
KWh (US$0.6 per KWh), which is around eight times the rate for coal
power, though subsidies have been coming down over time.

How successful has the German programme been? In 2005,
not including hydropower, over 7 percent of electricity came from
renewable energy, almost 50 percent higher than the European Union
average, with the sector generating € 21.6 billion (US$27 billion) in
total turnover and €8.7 billion (US$11 billion) worth of investment.
Spin-off benefits include the employment of an estimated 170,000
people and German domination of the growing global market for
photovoltaic cells. The reduction of CO, emissions is estimated at
52 Mt in 2010. While other factors have also been important, the
rapid development of the renewable sector has played an important
part in enabling Germany to meet its Kyoto Protocol commitment.

The residential sector—low-cost
mitigation

Some ways of cutting CO, emissions are cheaper
than others. And some ways cost nothingat all
over the long run. The residential and services
sector provides a particularly striking example.
Current practices across the world forcefully
demonstrate the scope for measures that will
save electricity, reduce emissions and cut costs
for households and national economies.

Energy use patterns in the residential sector
have an important bearing on the global carbon
footprint. In the OECD countries, around
one-third of the electricity produced ends up
in heating and cooling systems, domestic refri-
gerators, ovens, lamps and other household
devices. The residential sector accounts for
around 35-40 percent of national CO,
emissions from all fossil fuels, with appliances
alone producing roughly 12 percent.”!

There is an enormous untapped potential for
energy savings in the residential sector. Realizing
that potential would generate a double benefit:
international climate change mitigation efforts
would gain with a fall in CO, emissions, and
the public would save money. Recent studies
have highlighted the scale of this potential. One
detailed exercise for OECD countries examines
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a wide range of policies on building standards,
procurement regulations, appliance standards
and energy-efficiency obligations to assess the
potential costs and benefits of achieving emission
reductions.”* The results point to a 29 percent
saving in emissions by 2020, representing a
reduction of 3.2 Gt CO,—a figure equivalent to
around three-times current emissions from India.
The resulting energy savings would counter-
balance the costs. Another study estimates that
the average European Union household could save
€200-1000 (US$250-1243) annually through
improved energy efficiency (2004 prices).”

Electrical appliances are another major
potential source of efficiency gains. Some
appliances use energy more efficiently, and
produce a lower carbon footprint, than others.
If all electrical appliances operating in OECD
countries from 2005 onwards met the best
efficiency standards, it would save some 322
million tonnes of CO, emissions by 2010.7*
This would be equivalent to taking 100 million
cars off the road—a figure that represents
all vehicles in Canada, France and Germany
combined.” By 2030, these higher standards
would avoid emissions of 572 Mt CO, a
year, which would be equivalent to removing
200 million cars from the road or closing
400 gas-fired power stations.



Would these efficiency gains deal a
devastating blow to houschold budgets? On the
contrary, theywould reduce residential electricity
consumption by around one-quarter by 2010.
For North America, where households consume
2.4 times more electricity per houschold than in
Europe, that reduction would save consumers
an estimated US$33 billion for the period. By
2020, for every tonne of CO, emissions avoided,
each household in the United States would save
around US$65. “In Europe, each tonne of CO,
avoided would save consumers some €16977¢
(reflecting Europe’s higher electricity cost and
lower efficiency standards).

Lighting provides another example. World
lighting represents around 10 percent of global
electricity demand and generates 1.9 Gt CO,
per year—7 percent of total CO, emissions. As
a glance around any developed country city day
or night will confirm, much of this electricity is
wasted. Light is routinely cast on spaces where
nobody is present and delivered through inef-
ficient sources. Simple installation of low-cost
sources—such as compact fluorescent lamps—
could reduce total lighting energy use by 38
percent.”” The payback period for investment
in more efficient lighting? Around 2 years on
average for OECD countries.

Regulation and information are two of
the keys for unlocking energy efficiency gains
in the building and residential sector. Public
policy has a key role to play not just in enhanc-
ing consumer awareness but in prohibiting or
creating strong disincentives for practices that
drive down efficiency and drive up carbon
emissions. While there are costs associated with
regulation and information provision, there are
substantial climate change mitigation benefits.
There are also large consumer costs associated
with regulatory standards that allow inefficient
energy use. Enhanced energy efficiency in this
area can achieve emission savings with a net
benefit. Among the public policy instruments:
o Appliance standards. These are among the

most cost-effective mitigation measures.

One example comes from Japan’s ‘Top

Runner’ scheme. Introduced in 1998 to

support national efforts to comply with

Kyoto reduction commitments, this scheme

requires that all new products meet specified
efficiency standards. Energy efficiency gains
of over 50 percent have been recorded for
some products, including cars, fridges,
freezers and televisions. Research in a wide
group of countries points to large benefits
from reducing CO, through improved energy
standards. This is an area in which effective
demand management can cut carbon and
energy costs, creating win—win benefits for
the economy and the environment. Research
in the European Union and the United States
points to estimated benefits in a range from
US$65/t CO, to 190/t CO, 7

o Information. This is one of the keys to un-
lockingefficiency gains. In the United States,
the Energy Star programme, a voluntary
endorsement labelling scheme, provides
consumers with extensive information on
the energy efficiency of over 30 products. It
is estimated to have delivered annual savings
of US$5S billion in 2002.7 In Australia,
mandatory labelling of certain appliances—
including freezers and dishwashers—has
contributed in savings of CO, with benefits
estimated at around US$30/t CO,.*

Building

regulations can generate very Iarge savings

o Building codes. standard
in CO, emissions linked to energy use.
Enforcement matters as much as the rules.
In Japan, where the implementation of
energy efficiency standards in buildings
is voluntary, energy savings have been
moderate. Far greater savings have been
registered in countries such as in Germany
and the United States, where compliance is
enforced more stringently. The European
Union estimates that efficiency gains in
energy consumption could be increased
by one-fifth, with potential savings of €60
billion (US$75 billion).8! One-half of
the gains would result from simple imple-
mentation of existing regulatory standards,
most of them in the building sector.

Vehicle emission standards

Personal transportation is the world’s largest
consumer of oil—and its fastest growing source

Regulation and information
are two of the keys for
unlocking energy efficiency
gains in the building

and residential sector
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The regulatory environment
for transport is a critical
part of the international

carbon mitigation effort

of CO, emissions. In 2004, the transport sector
produced 6.3 Gt CO,. While the share of
developing countries is rising, OECD countries
account for two-thirds of the total.’> The
automobile sector in these countries accounts
for about 30 percent of total greenhouse gas
emissions, and the share is rising over time.®
The regulatory environment for transport
is a critical part of the international carbon
mitigation effort. Aggregate greenhouse gas
emissions from any vehicle is a function of three
factors: miles travelled, amount of fuel used for
each mile travelled, and the carbon content of
the fuel. Emissions are rising in many countries
because the distances travelled are growing
faster than fuel-use efficiency, and because fuel
economy gains have been reduced by a trend

towards bigger and more powerful vehicles.

Setting the standard
Countries vary widely in their fuel efficiency
standards. The European Union and Japan have
the highest standards, while the United States
has the lowest in the developed world—lower,
in fact, than in China (figure 3.5).34

Efficiency standards in the United States
relative to the rest of the world have slipped
over time. One reason for this is that they have
changed only marginally over the past two dec-
ades, whereas other countries have been setting
higher standards. Another is the prevalence of

regulatory gaps favouring low-efficiency sports
utility vehicles.

These gaps have reduced fleet efficiency and
driven up emissions. Since 1990, emissions from
transport have increased at an annual average
rate of 1.8 percent, almost double the rate for all
other sources. The primary driver of the emis-
sions upsurge is vehicle miles travelled (which
has climbed by 34 percent) and an increase in
the use of light-duty trucks (box 3.8).%

Improvements in United States regulatory
standards could make a global difference in cli-
mate change mitigation, with large associated
benefits for national energy security. Accord-
ing to the National Commission for Energy,
increasing the fuel efficiency requirement for
cars in the United States by 20 miles per gallon
(equivalent to 8.5 kilometres per litre) would
reduce projected oil consumption by 3.5 mil-
lion barrels a day, diminishing CO, emissions
by 400 million tonnes per year in the process.*
The savings from that regulatory shift would
be equivalent to France’s total CO, emissions.
Apart from the benefits for climate change miti-
gation, the associated reduction in oil imports
would achieve one of the central goals of United
States energy security policy.

While the European Union has attained
relatively higher fuel efficiency than the United
States, it faces problems in aligning standards
with its stated climate change goals. Since 1990,

- Rich country fuel efficiency standards vary widely
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Established in 1975, the United States’ Corporate Average Fuel
Economy (CAFE) programme is one of the world’s oldest regula-
tory regimes on fuel efficiency. It is also one of the most important:
the United States accounts for around 40 percent of oil-based CO,
emissions from transport.

Where the United States sets its vehicle fuel efficiency
standards registers in the world’s carbon footprint. In the 1970s,
CAFE rules were instrumental in doubling vehicle fuel economy,
spurring investment in new technologies. However, fuel econ-
omy standards have not been increased for passenger cars over
the past 20 years, and they have increased only slightly for
light trucks.

As a result, the fuel efficiency standard divide between the
United States and the rest of the world has widened. Today, the
United States’ standard is just over one half of the level in Japan.
The 136 million passenger cars on United States’ roads con-
tribute 35 percent of national transport-based greenhouse gas
emissions, and the 87 million light trucks another 27 percent.

The design of CAFE standards has had an important bear-
ing on transport-related emissions. Average fuel standards for
cars (27.5 miles per gallon or 11.7 kilometres per litre) are higher
than for light trucks (20.7 mpg or 8.8 km/L). Rising demand for
light trucks has led to an overall decrease in the fuel economy of
new light-duty vehicles. In 2002, the number of light trucks sold
exceeded new passenger cars sold for the first time. The upshot:
fuel efficiency today is lower than in 1987.

CAFE standards are at the centre of an active national debate.
The 2007 State of the Union Address proposed CAFE standard
reforms to achieve a 5 percent reduction in gasoline consumption,
based on projected future demand (rather than current levels). No
numerical target for fuel efficiency was identified.

Would more stringent targets undermine employment and
competitiveness? That question is at the centre of debates over
CAFE standards. Research indicates that light-duty fuel efficiency
could be increased by one-quarter to one-third at less than the cost
of the fuel saved—and without compromising vehicle safety. Over
the medium term, more stringent standards would create incentives
for investment in advanced diesel engines, hybrid vehicles and
hydrogen-powered fuel-cell vehicles.

With oil prices and concerns over CO, emissions rising, weak
efficiency standards could send the wrong signals to the automobile
industry. While recent years have seen significant improvements in
engine technologies and vehicle design, such improvements have
been used to increase power, performance and safety rather than
to enhance fuel economy. One result is that firms in the United
States have lost out to Japanese competitors in markets for more
fuel-efficient models.

More stringent CAFE standards in the United States could create
a triple benefit. They would demonstrate United States leadership
in international climate change mitigation efforts, advance national
energy security goals by reducing dependence on imported oil and
open up new opportunities for investment in the automobile industry.

Source: Arroyo and Linguiti 2007; Merrill Lynch and WRI 2005; NCEP 2004b; Sperling and Cannon 2007.

the European Union has reduced overall emis-
sions of greenhouse gases by around 1 percent.
However, emissions from road transport have
increased by 26 percent. As a result, the share of
transport in overall emissions has climbed from
around one-sixth to over one-fifth in little more
than a decade.?” Road transport is the biggest
source of rising emissions, with passenger vehi-
cles accounting for around one-half of the total.
If domestic transport greenhouse gas emissions
continue to rise with economic growth, they
could be 30 percent above 1990 levels by 2010
and 50 percent by 2020.%8 Thus current trends
in the transport sector are not consistent with
the European Union’s commitment to achieving
20-30 percent reductions in overall greenhouse
gas emissions by 2020.

Aligning regulatory policies with more
stringent climate change mitigation goals has
been difficult. Current approaches are based
on three pillars: voluntary commitments by

the automobile industry, fuel-ecconomy label-
ling and promotion of efficiency through fiscal
measures. The long-standing aim has been to
achieve a fuel-efficiency goal of 120g CO,/km.
However, the target date for achieving this goal
has repeatedly been pushed back, initially from
2005 to 2010 and now to 2012, in the face of
lobbying by the automobile industry and oppo-
sition in some member states. The interim target
is now 140g CO,/km by 2008-09.

As for the United States, where the
European Union sets the fuel-efliciency bar
matters for international climate change
mitigation. It matters in a very immediate
sense because more stringent standards will
cut emissions of CO,. Over the 10-year period
to 2020, a 120g CO,/km target would reduce
emissions by about 400 Mt CO,—more than
the total emissions from France or Spain
in 2004. That figure represents around 45
percent of total current European Union
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Many governments now see
biofuels as a technology
that kills two birds with one
stone, helping to fight global
warming while reducing

dependence on oil imports

emissions from transport. More broadly,
because the European Union is the world’s
largest automobile market, tighter emission
standards would signal an important change
in direction to the global automobile industry,
creating incentives for components suppliers to
develop low carbon technologies. However, the
European Union is not on track for achieving
its long-standing target. As an assessment by
the European Commission puts it: “In the
absence of additional measures, the European
Union objective of 120g CO,/km will not be
met at a 2012 time horizon.”¥’

Efforts to change this picture have produced
apolitical deadlock. The European Commission
has proposed regulatory measures to raise fleet
average efficiency standards to achieve the long-
standing 120g CO,/km goal by 2020. As in
the past, the proposal has attracted opposition
from the European Automobile Manufacturers
Association—acoalition of 12 global automobile
companies. Some European governments have
supported that opposition, arguing that more
stringent regulation could undermine the
competitiveness of the industry.

This is a position that is difficult to square
with a commitment to the European Union’s
2020 targets. Arguments on economic
competitiveness are also not well supported
by the evidence. Several companies in the
global automobile industry have lost out in
fast-expanding markets for low-emission
vehicles precisely because they have failed to
raise efficiency standards. With supporting
policies, it would be possible for the European
Union to sustain progressive improvements in
efficiency standards consistent with its climate
goals, with fleet average standards improving
to 80g CO,/km by 2020.”°

Regulatory standards cannot be viewed in
isolation. Car taxation is a powerful instrument
through which governments can influence the
behaviour of consumers. Graduated taxation
that rises with the level of CO, emissions could
help to align energy policies in transport with
climate change mitigation goals. Annual vehicle
excise taxes and registration taxes on new vehi-
cles would be means to this end. Such measures

would support the efforts of car manufacturers
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to meet improved efficiency standards, along
with the efforts of governments to achieve their
stated climate change goals.

The role of alternative fuels

Changing the fuel mix within the transport
sector can play an important role in aligning
energy policies with carbon budgets. The CO,
emissions profile of an average car journey can
be transformed by using less petroleum and
more cthanol produced from plants. Many
governments now see biofuels as a technology
that kills two birds with one stone, helping to
fight global warming while reducing dependence
on oil imports.

Developing countries have demonstrated
what can be achieved through a judicious mix of
incentives and regulation in the transport sector.
One of the most impressive examples comes
from Brazil. Over the past three decades, the
country has used a mix of regulation and direct
government investment to develop a highly
cfficient industry. Subsidies for alcohol-based
fuel, regulatory standards requiring automobile
manufacturers to produce hybrid vehicles,
preferential duties and government support for
a biofuel delivery infrastructure have all played a
role. Today, biofuels account for around one-third
of Brazil’s total transport fuel, creating wide-
ranging environmental benefits and reducing
dependence on imported oil.”*

Several countries have successfully
changed the national transport sector fuel-mix
by using a mixture of regulation and market
incentives to promote compressed natural
gas (CNG). Prompted partly by concerns
over air quality in major urban centres, and
partly by a concern to reduce dependence on
imported oil, both India and Pakistan have
seen a major expansion of CNG use. In India,
several cities have used regulatory mechanisms
to prohibit a range of vehicles from using
non-CNG fuel. For example, Delhi requires
all public transport vehicles to use CNG. In
Pakistan, price incentives have supplemented
regulatory measures. Prices for CNG have
been held at around 50-60 percent of the price
of petroleum, with Government supporting
the development of an infrastructure for



Climate change is the defining challenge facing political leaders
across the world today. Future generations will judge us on how
we respond to that challenge. There are no easy solutions—and
no blueprints. But | believe that we can win the battle against
climate change by acting nationally and working together
globally.

If we are to succeed in tackling climate change we have to start
by setting out the ground rules. Any international strategy has to be
built on the foundations of fairness, social justice and equity. These
are not abstract ideas. They are guides to action.

The Human Development Report 2007/2008 should be manda-
tory reading for all governments, especially those in the world’s
richest nations. It reminds us that historic responsibility for the
rapid build-up of greenhouse gases in the Earth’s atmosphere
rests not with the world’s poor, but with the developed world. It
is people in the richest countries that leave the deepest footprint.
The average Brazilian has a CO, footprint of 1.8 tonnes a year
compared with an average for developed countries of 13.2 tonnes
a year. As the Report reminds us, if every person in the developing
world left the same carbon footprint as the average North American
we would need the atmospheres of nine planets to deal with the
consequences.

We only have one planet—and we need a one-planet solution
for climate change. That solution cannot come at the expense of the
world’s poorest countries and poorest people, many of whom do
not have so much as a light in their home. Developed countries have
to demonstrate that they are serious by cutting their emissions.
After all, they have the financial and the technological resources
needed to act.

Every country faces different challenges, but | believe the expe-
rience of Brazil is instructive. One of the reasons that Brazil has such
a low per capita footprint is that we have developed our renewable
energy resources and now have one of the world’s cleanest energy
systems. Hydro-power accounts for 92 percent of our electricity
generation, for example. The upshot is that Brazil not only has a
lighter carbon footprint than rich nations, but that we generate less
than half as much CO, for every dollar in wealth that we generate.
Put differently, we have lowered our emissions by reducing the
carbon intensity and the energy intensity of our economy.

The transport sector provides a striking example of how clean
energy policies can generate national and global benefits. Brazil’s
experience with the development of ethanol from sugar cane as
a motor fuel goes back to the 1970s. Today, ethanol-based fuels
reduce our overall emissions by about 25.8 million tonnes of CO,e
every year. Contrary to the claims made by some commentators
lacking familiarity with Brazilian geography, the sugar production

that sustains our ethanol industry is concentrated in Sao Paulo, far
from the Amazon region.

Today, we are expanding our ethanol programme. In 2004, we
launched the National Program of Biodiesel Production and Use
(PNPB). The aim is to raise the share of biodiesel in every litre of
diesel sold in Brazil to 5 percent by 2013. At the same time, PNPB
has introduced fiscal incentives and subsidies aimed at expanding
market opportunities for biofuel production for small family farms
in the North and the North-East region.

Brazil’s experience with biofuels can help to support the
development of win—win scenarios for energy security and climate
change mitigation. Oil dominates the transport fuels sector. How-
ever, concerns over high prices, reserve levels, and security of
supply are prompting many countries—rich and poor—to develop
policies for reducing oil-dependency. Those policies are good for
energy efficiency and good for climate change.

As a developing country Brazil can play an important role in
supporting the transition to low-carbon energy. South-South
cooperation has a vital role to play—and Brazil is already support-
ing the efforts of developing countries to identify viable alternative
energy sources. However, we should not downplay the potential
for international trade. North America and the European Union are
both scaling-up heavily subsidized biofuel programmes. Measured
against Brazil’s ethanol programme these score badly both in
terms of costs and in terms of efficiency in cutting CO, emissions.
Lowering import barriers against Brazilian ethanol would reduce
the costs of carbon abatement and enhance economic efficiency
in the development of alternative fuels. After all, there is no inherent
virtue in self-reliance.

Finally, a brief comment on rainforests. The Amazon region is a
treasured national ecological resource. We recognize that this re-
source has to be managed sustainably. That is why we introduced
in 2004 an Action Plan for Preventing and Controlling Deforestation
in the Amazon. Encompassing 14 ministries, the plan provides a
legal framework for land use management, establishes monitoring
arrangements, and creates incentives for sustainable practices. The
decline since 2004 in the rate of deforestation recorded in states
such as Mato Grosso demonstrates that it is possible to reconcile
economic growth with sustainable environmental management.

Luiz In4cio Lula da Silva
President of the Federative Republic of Brazil

production and distribution. Some 0.8 million  natural gas creates wide-ranging benefits for

vehicles now use CNG and the market share  air quality and public health.

is rising fast (figure 3.6). Apart from cutting In the developed world biofuel development

emissions of CO, by around 20 percent, using  is one of the energy-based growth industries
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of the past 5 years. The United States has set
particularly far-reaching goals. In his 2007
State of the Union Address, President Bush
set a target of increasing the use of biofuels to
35 billion gallons in 2017—five times current
levels. The ambition is to replace around 15
percent of imported oil with domestically
produced ethanol.”? The European Union is
also actively promoting biofuels. Targets include
raising to 10 percent the share of biofuels in
all road-transport fuel consumption by 2020.
That figure is double the target for 2010—and
around 10 times the current share.”?
Impressive targets have been backed with
impressive subsidies for the development of the
biofuels sector. In the United States, tax credits
for maize-based ethanol production were
estimated at US$2.5 billion in 2006.% Overall
subsidies to ethanol and biodiesel, currently
estimated at US$5.5-7.5 billion discounting
direct payments to maize farmers, are expected
to rise with production.”> With the share of
maize production directed towards ethanol
mills growing, prices are rising sharply. In 2007
they reached a 10-year high, even though the
crop of the previous year was the third highest
on record.”® Because the United States is the
world’s largest exporter of maize, the diversion
of supply to the bioethanol industry has been
instrumental in pushing up world prices. In
Mexico and other countries in Central America,
rising prices for imported maize could create
food security problems for poor houscholds.””
‘Biofuel mania’ has not so far left such a
deep mark on the European Union. However,
this is likely to change. Projections by the
European Commission point to increasing
prices for oilseeds and cereals. The arable area for
producing biofuels will rise from an estimated 3
million hectares in 2006 to 17 million hectares
in 2020.”8 Most of the increase in supply of
biofuel in the European Union will come from
domestic production of cereals and oilseeds,
though imports are projected to account for
15-20 percent of total demand by 2020. For
European agriculture, the prospective bio-
diesel boom offers lucrative new markets. As the
Commission puts it: “The targets for renewable

energy can be seen as good news for European
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agriculture: they [...] promise new outlets and
a positive development of demand and prices
at a time when farmers are increasingly faced
with international competition.””” Under
the reformed Common Agricultural Policy, a
special premium is payable to farmers for the
production of energy crops.'?°
Unfortunately, what is good for subsidized
agriculture and the biofuels industry in the
European Union and the United States is not
inherently good for climate change mitigation.
Biofuels do represent a serious alternative to
oil for use in transport. However, the cost of
production of those fuels relative to the real
amount of CO, abatement is also important.
This is an area in which the United States and
the European Union do not score very well.
For example, sugarcane-based ethanol can be
produced in Brazil at half the unit price of maize-
based ethanol in the United States and whereas
sugar-based ethanol in Brazil cuts emissions by
some 70 percent, the comparable figure for the
maize-based ethanol used in the United States is
13 percent.101 The European Union is at an even
greater cost disadvantage (figure 3.7).
Comparative advantage explains an impor-
tant part of the price differentials. Production
costs in Brazil are far lower because of climatic
factors, land availability and the greater
efficiency of sugar in converting the sun’s energy
into cellulosic ethanol. These differences point
to a case for less reliance on domestic production
and an expanded role for international trade in
the European Union and the United States.
There is no inherent virtue in self-reliance.
From a climate change mitigation perspective,
the priority is to achieve carbon abatement at
the lowest marginal cost. The problem is that
trade barriers and subsidies are driving up the
cost of carbon mitigation, while simultancously
adding to the cost of reducing oil dependency.
Most developed countries apply import
restrictions on alternative fuels such as bio-
ethanol. The structure of protection varies
widely—but the net effect is to substantially
lower consumer demand. The European Union
allows duty free market access for ethanol for
around 100 developing countries, most of
which do not export ethanol. In the case of



Brazil, an import duty of €0.73 (US$1) per
gallon is applied by the European Union—a

t1%2 In

tariff equivalent in excess of 60 percen
the United States, Brazilian ethanol faces an
import duty of US$0.54 a gallon.!®® While
lower than in the European Union, this still
represents a tariff of around 25 percent at 2007
domestic market prices for ethanol.

Trade policies applied to ethanol conflict
with a wide range of climate change goals.
Ethanol from Brazil is disadvantaged even
though it is cheaper to produce, generates
lower CO, emissions in production, and is
more efficient in reducing the carbon-intensity
of vehicle transport. More broadly, the high
levels of tariff applied to Brazilian ethanol raise
serious questions for economic efficiency in the
energy sector. The bottom-line is that abolishing
ethanol tariffs would benefit the environment,
climate change mitigation, and developing
countries which—like Brazil—enjoy favourable
production conditions. In the European Union,
Sweden has argued strongly for a reduced
emphasis on protectionism and stronger policies
for the development of ‘second-generation’
biofuels in areas such as forest biomass.!%4

Not all international trade opportunities
linked to biofuels offer benign outcomes. As in
otherareas, the social and environmental impacts
of trade are conditioned by wider factors—and
benefits are not automatic. In Brazil, the sugar
production that sustains the ethanol industry
is concentrated in the southern State of Sio
Paulo. Less than 1 percent originates from the
Amazonia. As a result, the development of
biofuels has had alimited environmental impact,
and has not contributed to rainforest destruction.
The picture in other countries and for other crops
is mixed. One potential source of agricultural
inputs for biodiesel is oil palm. Expansion of
cultivation of that crop in East Asia has been
associated with widespread deforestation and
violation of human rights of indigenous people.
There is now a danger that the European Union’s
ambitious biofuel targets will encourage the rapid
expansion of oil palm estates in countries that
have failed to address these problems (box 3.9).
Since 1999, European Union imports of palm
oil (primarily from Malaysia and Indonesia)

- Some biofuels cost less and cut CO, emissions more
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have more than doubled to 4.5 million tonnes,
or almost one-fifth of world imports.!? Rapid
expansion of the market has gone hand-in-hand
with an erosion of the rights of small farmers and

indigenous people.

R&D and deployment of
low-carbon technologies

Joseph Schumpeter coined the phrase ‘creative
destruction’ to describe a “process of industrial
mutation that incessantly revolutionizes the
economic structure from within, incessantly
destroying the old one, incessantly creating
a new onc”. He identified three phases in the
process of innovation: invention, application
and diffusion.

Successful climate change mitigation
will require a process of accelerated ‘creative
destruction’, with the gap between these phases
shrinking as rapidly as possible. Carbon pricing
will help to create incentives for the emergence
of these technologies—but it will not be enough.
Faced with very large capital costs, uncertain
market conditions and high risks, the private
sectoralonewill notdevelop and deploy technolo-
gies at the required pace, even with appropriate
carbon price signals. Governments will have to
play a central role in removing obstacles to the
emergence of breakthrough technologies.

The case for public policy action is
rooted in the immediacy and the scale of the
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The European Union’s ambitious targets for expanding the market
share of biofuels have created strong incentives for the production
of cereals and oils, including palm oil. Opportunities for supply-
ing an expanding European Union market have been reflected in a
surge of investment in palm oil production in East Asia. Is this good
news for human development?

Not under current conditions. Oil palm can be grown and har-
vested in environmentally sustainable and socially responsible
ways, especially through small-scale agroforestry. Much of the
production in West Africa fits into this category. However, large-
scale mono-cropping plantations in many countries do not have a
good record. And much of the recent surge in palm oil production
has taken place on such plantations.

Even before the European Union’s renewable energy targets
generated a new set of market incentives, oil palm cultivation
was expanding at a prolific rate. By 2005, global cultivation had
reached 12 million hectares—almost double the area in 1997.
Production is dominated by Indonesia and Malaysia, with the
former registering the fastest rate of increase in terms of forests
converted into oil palm plantations. The estimated annual net
release emissions of CO, from forest biomass in Indonesia since
1990 is 2.3 Gt. European Union markets for biofuel materials can
be expected to create a further impetus for oil palm plantations.
Projections by the European Commission suggest that imports
will account for around one-quarter of the supply of biodiesel fuels

Source: Colchester et al. 2006a, 2006b; Tauli-Corpuz and Tamang 2007.
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in 2020, with palm oil representing 3.6 million out of a total of 11
million tonnes of imports.

Palm oil exports represent an important source of foreign ex-
change. However, the expansion of plantation production has come
at a high social and environmental price. Large areas of forest land
traditionally used by indigenous people have been expropriated
and logging companies have often used oil palm plantations as a
justification for harvesting timber.

With palm oil prices surging, ambitious plans have been
developed to expand cultivation. One example is the Kalimantan
Border Oil Palm Project in Indonesia, which aims at converting
3 million hectares of forest in Borneo. Concessions have already
been given to companies. While national legislation and voluntary
guidelines for industry stipulate protection for indigenous people,
enforcement has been erratic at best and—in some cases—
ignored. Areas deemed suitable for oil palm concessions include
forest areas used by indigenous people—and there are extensively
documented reports of people losing land and access to forests.

In Indonesia, as in many other countries, the judicial process
is slow, the legal costs are beyond the capacities of indigenous
people, and links between powerful investors and political elites
make it difficult to enforce the rights of forest dwellers. Against
this backdrop, the European Union has to carefully consider the
implications of internal directives on energy policy for external
human development prospects.

threat posed by climate change. As shown in
previous chapters of this Report, dangerous
climate change will lead to rising poverty
in poor countries, followed by catastrophic
risks for humanity as a whole. Avoiding these
outcomes is a human development challenge.
More than that, it is a global and national
security imperative.

In earlier periods of history, governments
have responded to perceived security threats by
launching bold and innovative programmes.
Waiting for markets to generate and deploy
the technologies to reduce vulnerability was
not considered an option. In 1932, Albert
Einstein famously concluded: “There is not the
slightest indication that nuclear energy will
ever be obtainable.” Just over a decade later,
the Allied powers had created the Manhattan
Project. Driven by perceived national security
imperatives, this was a rescarch effort that
brought together the world’s top scientists in a
US$20 billion (in 2004 terms) programme that
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pushed back technological frontiers. The same
thing happened under President Eisenhower
and President Kennedy, when Cold War
rivalries and national security concerns led to
government leadership of ambitious research
and development drives, culminating in the
creation of the Apollo space programme.'¢
Contrasts with the R&D effort to achieve
alow-carbon transition are strikingly evident.
R&D spending in the energy sectors of
OECD countries today is around one-half
of the level in the carly 1980s in real terms
(2004 prices).'”” Measured as a share of
turnover in the respective sectors, the R&D
expenditure of the power industry is less
than one-sixth of that for the automobile
industry and one-thirtieth of that for the
clectronics industry. The distribution of
research spending is equally problematic.
Public spending on R&D has been dominated
by nuclear energy, which still accounts for just

under half of the total.



These R&D patterns can be traced to a
variety of factors. The power sector, in particular,
is characterized by large central power plants
dominated by a small number of suppliers, with
restricted competition for market share. Heavy
subsidies to fossil fuel-based power and nuclear
energy have created powerful disincentives for
investment in other areas such as renewable
energy. The end result is that the energy sector has
been characterized by a slow pace of innovation,
with many of the core technologies for coal and gas
power generation now over three decades old.

‘Picking winners’ in coal

Developmentsin the coal sector demonstrate both
the potential for technological breakthroughs
in climate change mitigation and the slow pace
of progress. There is currently around 1200
GigaWatts (GW) of coal-fired power capacity
worldwide accounting for 40 percent of the
world’s electricity generation and CO, emissions.
With natural gas prices rising and coal reserves
widely disbursed across the world, the share of
coal in world energy generation is likely to rise
over time. Coalfired power generation could
be the driver that takes the world beyond the
threshold of dangerous climate change. However,
it also provides an opportunity.

Coal-fired power plants vary widely in their
thermal efficiency.!%® Increased efficiency, which
is largely a function of technology, means that
plants generate more power with less coal—and
with fewer emissions. The most efficient plants
today use super-critical technologies that have
attained efficiency levels of around 45 percent.
During the 1990s, new Integrated Gasification
Combined Cycle (IGCC) technologies
emerged. These are able to burn synthetic gas
produced from coal or another fuel and to clean
gas emissions. Supported by public funding in
the European Union and the United States,
five demonstration plants were constructed
in the 1990s. These plants have attained
levels of thermal efficiency comparable to the
best conventional plants, with high levels of

environmental performance.'”

What is the link between IGCC plants and
climate change mitigation? The real potential
breakthrough technology for coal is a process

known as Carbon Capture and Storage (CCS).
Using CCS technology, it is possible to separate
the gas emitted when fossil fuels are burned,
process it into liquefied or solid form, and
transport it by ship or pipeline to a location—
below the sea-bed, into disused coal mines,
depleted oil wells, or other locations—where
it can be stored. Applied to coal plants, CCS
technology offers the potential for near-zero
CO, emissions. In theory, any conventional coal
plant can be retrofitted with CCS technology.
In practice, IGCC plants are technologically the
most adaptable to CCS, and by far the lowest
cost option.!!?

No single technology offers a magic
bullet for climate change mitigation, and
‘picking winners’ is a hazardous affair. Even
so, CCS is widely acknowledged to be the
best-bet for stringent mitigation in coal-fired
power generation. Large-scale development
and deployment of CCS could reconcile the
expanding use of coal with a sustainable carbon
budget. If successful, it could take the carbon
out of electricity generation, not just in power
stations but also from other carbon-intensive
sites of production such as cement factories and
petrochemical facilities.

Demonstration plants operated through
private—public partnerships in the European
Union and the United States have shown the
feasibility of CCS technology, though some
challenges and uncertainties remain.!!! For
example, the storage of CO, beneath sea-beds
is the subject of international conventions and
there are safety concerns about the potential
for leaks. Encouraging as the demonstration
project results have been, the current effort falls
far short of what is needed. CCS technology is
projected to come on-stream very slowly in the
years ahead. With planned rates of deployment,
there will be just 11 CCS plants in operation
by 2015. The upshot of this late arrival is that
the plants will collectively save only around 15
Mt CO, in emissions, or 0.2 percent of total
coal-fired power emissions.!'? At this rate, one
of the key technologies in the battle against
global warming will arrive on the battlefield
far too late to help the world avoid dangerous
climate change.

The real potential
breakthrough technology for
coal is a process known as

Carbon Capture and Storage
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At present, conventional
coal-fired power plants enjoy
a commercial advantage

for one simple reason: their
prices do not reflect the
costs of their contribution

to climate change

Barriers to accelerated development and
disbursement of CCS technologies are rooted in
markets. Power generation technologies that can
facilitate rapid deployment of CCS are still not
widely available. In particular, IGCC plants are
not fully commercialized, partly because there
has been insufficient R&D. Even if full-scale
CCS systems were available today, cost would be
a major obstacle to deployment. For new plants,
capital costs are estimated to be up to US$1 billion
higher than conventional plants, though there are
large variations: retrofitting old plants is far more
costly than applying CCS technology to new
IGCC plants. Carbon capture is also estimated
to increase the operational costs of electricity
generation in coal plants by 35-60 percent.!!?
Without government action, these cost barriers
will continue to hold back deployment.

Coal partnerships—too few

and too limited

Some of the obstacles to the technological
transformation of coal-fired power generation
could be removed through carbon pricing.
At present, conventional coal-fired power
plants enjoy a commercial advantage for one
simple reason: their prices do not reflect the
costs of their contribution to climate change.
Imposing a tax of US$60-100/t CO, or
introducing a stringent cap-and-trade scheme,
would transform incentive structures in the
coal industry, putting more highly polluting
power generators at a disadvantage. Creating
the market conditions for increased capital
investment through tax incentives is one of
the conditions for a low-carbon transition in
energy policy.

Policies in the United States are starting
to push in this direction.The 2005 Energy
Act has already boosted planning applications
for IGCC plants by putting in place a US$2
billion Clean Coal Power Initiative (CCPI)
that includes subsidies for coal gasification.!!4
Tax credits have been provided for private
investment in nine advanced clean coal facili-
ties. Public—private partnerships have also
emerged. One example is the seven Carbon
Sequestration Regional Partnerships that bring
together the Department of Environment, state
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governments and private companies. The total
value of the projects is around US$145 million
over the next four years. Another example is
FutureGen, a public—private partnership that
is scheduled to produce the United States’ first
near-zero power plant in 2012.!5

The European Union has also moved
to create an enabling environment for the
development of CCS. The formation of
the European Technology Platform for
Zero Emissions Fossil Fuel has provided a
framework that brings together governments,
industry, research institutes and the European
Commission. The aim: to stimulate the
construction and operation by 2015 of up to 12
demonstration plants, with all coal-fired power
plants built after 2020 fitted with CCS.!¢ Total
estimated funding for CO, capture and storage
technologies for 2002 to 2006 was around €70
million (US$88 million).!"” However, under the
current European Union research framework,
up to €400 million (US$500 million) will be
provided towards clean fossil-fuel technologies
between 2007 and 2012, with CCS a priority.!8
Asin the United States, arange of demonstration
projects are under way, including collaboration
between Norway and the United Kingdom on
the storage of carbon in North Sea oil fields.!

Emerging private—public partnerships have
achieved important results. However, far more
ambitious approaches are needed to accelerate
technological change in the coal industry.
The Pew Center on Global Climate Change
has argued for the development of a 30-plant
programme over 10 years in the United States
to demonstrate technical feasibility and create
the conditions for rapid commercialization.
Incremental costs are estimated at around
US$23-30 billion.!?° The Pew Center has
proposed the establishment of a trust fund
created by a modest fee on electricity generation
to cover these costs. While there are a range of
financing and incentive structures that could be
considered, the target of a 30-plant programme
by 2015 is attainable for the United States. With
political leadership, the European Union could
aim for a comparable level of ambition.

The danger is that public policy failures will
create another obstacle to CCS development



and deployment. Higher costs associated with
CCS-equipped plants could give rise to a ‘non-
CCS lock-in’ as a result of investment decisions
on the replacement of current coal-fired
capacity. In the absence of long-term carbon
price signals and incentive structures to reward
low-carbon electricity, power generators might
take decisions that would make it more difficult
to make the transition to CCS.

This would signal another lost opportunity.
Around one-third of existing coal-fired capacity
in the European Union is expected to reach the
end of its technical lifetime in the next 10-15
years.!?? In the United States, where coal is

resurgent, applications or proposals have been

made for the development of over 150 new coal-
fired power plants to 2030, with a projected
investment of around US$145 billion.!?3

Both the European Union and the United
States have an opportunity to use the retirement
of old coal-fired power stock to create an
enabling environment for an early transition to
CCS. Seizing that opportunity will require bold
steps in energy policy. Increasing investment in
demonstration projects, signalling a clear intent
to tax carbon emissions and/or introducing
more stringent cap-and-trade provisions,
and using regulatory authority to limit the
construction of non-IGCC plants are among
the policy requirements.

3.4 The key role of international cooperation

International cooperation could open the door
to wide-ranging win-win scenarios for human
development and climate change mitigation.
Increased financial and technological support
for low-carbon power generation in developing
countries is one priority area. Cooperation here
could expand access to energy and improve
efficiency, lowering carbon emissions and
supporting poverty reduction efforts in the
process. Deforestation is another problem that
offers an opportunity. International action to
slow the pace of rainforest destruction would
reduce the global carbon footprint while
generating a range of social, economic and
environmental benefits.

Current approaches are failing to unlock the
potential in international cooperation. Under
the terms of the UNFCCC, international
cooperation was identified as a key element in
climate change mitigation. Developed countries
pledged to “take all practicable steps to promote,
facilitate and finance, as appropriate, the
transfer of; or access to, environmentally sound
technologies”!?* In 2001, an agreement was
drawn up—the Marrakesh Accords—aimed
at giving greater substance to the commitment
on technology transfer. Yet delivery has
fallen far short of the pledges made, and even

further short of the level of ambition required.
Progress in tackling deforestation is similarly
discouraging.

Negotiations on the next commitment
period for the Kyoto Protocol provide an
opportunity to change this picture. There are
two urgent priorities. First, the world needs a
strategy to supportlow-carbon energy transitions
in developing countries. Developed countries
should see this not as an act of charity but as a
form of insurance against global warming and
as an investment in human development.

In the absence of a coherent international
strategy for finance and technology transfer
to facilitate the spread of low-carbon energy,
developing countries will have little incentive to
join a multilateral agreement that sets emission
ceilings. There are 1.6 billion people in the world
lacking access to electricity—often women who
walk many miles to fetch wood and/or collect
cow dung to use as fuel. Expecting governments
that represent them to accept medium-term
ceilings on emissions that compromise progress
in access to energy is unrealistic and unethical.
It is also inconsistent with international
commitments on poverty reduction.

The second priority is the development of
a strategy on deforestation. Carbon markets

Increased financial and
technological support
for low-carbon power
generation in developing

countries is one priority area
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One unit of electricity
produced in a developing
country emits 20 percent

more CO, than an average

unit in developed countries

and financial transfers alone do not provide an
answer to the problem. However, they can help
to reduce the perverse incentives that currently
act to promote deforestation, with negative
consequences for people and the planet.

An expanded role for technology
transfer and finance

Low levels of energy efficiency hold back human
development and economic growth in many
countries. Enhanced efficiency is a means to
generate more power with less fuel—and fewer
emissions. Rapidly narrowing the efficiency gap
between rich and poor countries would act as a
powerful force for climate change mitigation, and
it could act as a force for human development.

Coal provides a powerful demonstration
of the point. The average thermal efficiency for
coal plants in developing countries is around
30 percent, compared with 36 percent in
OECD countries.'?* This means that one unit
of electricity produced in a developing country
emits 20 percent more CO, than an average
unit in developed countries. The most efficient
supercritical plants in OECD countries, so called
because they burn coal at higher temperatures
with less waste, have achieved efficiency levels of
45 percent.!® Projections for future emissions
from coal-fired power generation are highly
sensitive to the tech-nological choices that
will influence overall efficiency. Closing the
efficiency gap between these plants and the
average in developing countries, would halve
CO2 emissions from coal-fired power generation
in developing countries.!?®

The potential mitigation impact of efficiency
gains can be illustrated by reference to China
and India. Both countries are diversifying
energy sources and expanding renewable energy
provision. However, coal is set to remain the
main source of power generation: the two
countries will account for around 80 percent of
the increase in global demand for coal to 2030.
Average thermal efficiency in coal-fired power
plants is increasing for both countries, but is still
only around 29-30 percent.!?” Rapid expansion
of coal-fired power generation built on this level
of efficiency would represent a climate change
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disaster. With large investments going into new
plants, there is an opportunity to avert that
disaster by raising efficiency levels (table 3.3).
Getting more energy from less coal would unlock
wide ranging benefits for national economies, the
environment and climate change mitigation.

China and India highlight the tension
between national energy security and global
climate security goals. Coal is at the heart of these
tensions. Over the next decade, Chinawill become
the world’s largest source of CO, emissions.'*® By
2015, power generation capacity will increase by
around 518 GW, double current levels. It will
increase again by around 60 percent, according
to IEA projections, by 2030. To put the figures in
context, the increase in power generation to 2015
is equivalent to current capacity in Germany,
Japan and the United Kingdom combined. Coal
will account for roughly three-quarters of the
total increase by 2030.

Coal-fired power capacity is also expanding
rapidly in India. In the decade to 2015, India
will add almost 100 GW in power generation
capacity—roughly double current power
generation in California. The bulk of the increase
will come from coal. Between 2015 and 2030,
coal-fired power capacity is projected to double
again, according to the IEA. While both China
and India will continue to have far smaller per
capita footprints than OECD countries, the
current pattern of carbon-intensive energy
growth clearly has worrying implications for
climate change mitigation efforts.

Enhanced energy efficiency has the potential
to convert a considerable climate change threat
into a mitigation opportunity. We demonstrate
this potential by comparing IEA scenarios for
China and India covering the period 2004 to
2030, with more ambitious scenarios based on
strengthened international cooperation. While
any scenario is sensitive to assumptions, the
results graphically illustrate both the benefits
of multilateral action in supporting national
energy policy reform and the implied costs of
inaction.

Even modest reforms to enhance energy
efficiency can deliver significant mitigation.
The IEA compares a business-as-usual ‘reference

scenario’ for future emissions with an ‘alternative



scenario’ in which governments deepen energy

sector reforms. Under these reforms, it is

assumed that overall coal-fired efficiency in

China and India increases from current levels of

around 30 percent to 38 percent by 2030. Most

of the reforms would build incrementally on
existing measures aimed at reducing demand.

It is possible to imagine a more ambitious
scenario. Energy efficiency standards could be
strengthened. Inefficient old plants could be
retired more rapidly and be replaced by new
supercritical plants and IGCC technologies,
paving the way for an early transition to carbon
capture and storage. Of course, these options
would require additional financing and the
development of technological capabilities. But,
they would also deliver results.

Looking beyond the IEA scenario, we
consider a more rapid transition to low-carbon,
high-efficiency coal-fired power generation. That
transition would see average efficiency levels
raised to 45 percent by 2030 —the level of the best-
performing OECD plants today. We also factor
in an additional element: early introduction of
CCS technology. We assume that 20 percent of
the additional capacity introduced between 2015
and 2030 takes the form of CCS.

These assumptions may be bold—but they
are hardly beyond the realm of technological
feasibility. Measured in terms of climate change
mitigation, the emission reductions that would
result are considerable:

e China. By 2030, emissions in China would
be 1.8 Gt CO, below the IEA reference
scenario level. That figure represents about
one-half of current energy-related CO,
emissions from the European Union. Put
differently, it would reduce overall projected
CO, emissions from all developing countries
by 10 percent against the IEA reference
scenario.

e India. Efficiency gains would also
generate large mitigation effects in India.
These amount to 530 Mt CO, in 2030
against the IEA reference level—a figure
that exceeds current emissions from Italy.
Both of these illustrations underline

the potential for rapid mitigation through

efficiency gains in the power sector

Carbon emissions are linked to coal plant technology

Approx. CO, Reduction from Lifetime CO,
emissions Chinese average saving
(g/kWh) (%) (Mt C0,)?

Coal-fired plants:
Chinese coal-fired fleet average, 2006 1140 - -
Global standard 892 22 73.3
Advanced cleaner coal 733 36 120.5
Supercritical coal with carbon capture 94 92 310.8

a. Lifetime savings assume a 1GW plant running for 40 years at an average capacity factor of 85 percent in comparison with a similar plant

with Chinese average efficiency (currently 29 percent).

Source: Watson et al. 2007.

(figure 3.8). In important respects, the headline
figures understate the potential gains for
climate change mitigation through enhanced
energy efficiency. One reason for this is that
our alternative scenario focuses just on coal. It
does not consider the potential for very large
energy efficiency gains and CO, reductions
through wider technological innovations in
natural gas and renewable energy, for example.
Nor do we factor in the large potential for
achieving efficiency gains through technological
breakthroughs in carbon-intensive industrial
sectors, such as cement and heavy industry
(table 3.4). Moreover, we present the gains in
terms of a static one-year snapshot for 2030,

Increased coal efficiency could cut CO, emissions

Projected CO, emissions from coal-fired power generation, 2030 (Mt CO,)

IEA reference
scenario

IEA alternative
policy scenario

Enhanced
technology scenario®

IEA reference
scenario

IEA alternative
policy scenario

Enhanced
technology scenario®

o

1,000 2,000

3,000

4,000

=5 [x]
2 =
= ES
£ o

5,000

a. Based on |EA alternative policy scenario but assumes 45% average efficiency levels in coal power plants and 20% carbon

capture and storage (CCS) for new plants (2015-2030)
Source: Watson 2007.
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Industrial energy efficiency varies widely

Energy consumption per unit produced

(100=most efficient country) Steel Cement Ammonia
Japan 100 100 -
Europe 110 120 100
United States 120 145 105
China 150 160 133
India 150 135 120
Best available technology 75 90 60

Source: Watson et al. 2007.

whereas the benefits of emission reductions,
like the costs of rising emissions, are cumulative.
Accelerated introduction of CCS technologies
in particular could produce verylarge cumulative
gains in the post-2030 era.

Our focus on China and India also under-
states the wider potential benefits. We apply our
alternative energy scenario to these countries
because of their weight in global emissions.
However, the exercise has broader relevance.

Consider the case of South Africa. With
an energy-sector dominated by low-efficiency
coal-fired power generation (which accounts
for over 90 percent of clectricity generation)
and an economy in which mining and minerals
production figure prominently, South Africa is
the only country in sub-Saharan Africa with a
carbon footprint to rival that of some OECD
countries. The country has a deeper footprint
than countries such as France and Spain—and
it accounts for two-thirds of all CO, emissions
from sub-Saharan Africa.!” Raising average
efficiency levels for coal-fired power generation
in South Africa to 45 percent would reduce
emissions by 130 Mt CO, by 2030. That figure
is small by comparison with China and India.
But it still represents over one-half of all energy-
related CO, emissions from sub-Saharan Africa
(excluding South Africa).!** In South Africa
itself enhanced efficiency in the coal sector
would help address one of the country’s most
pressing environmental concerns: the serious
problems caused by emissions of nitrous dioxide
and sulphur dioxide from coal combustion.!*!

For the world as a whole, enhanced energy
efficiency in developing countries offers some

obvious advantages. If climate security is a
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global public good, then enhanced efficiency
is an investment in that good. There are also
potentially large national benefits. For example,
China is attempting to reduce emissions from
coal plants to address pressing public health
concerns (box 3.10). About 600 million people
are exposed to sulphur dioxide levels above
WHO guidelines and respiratory illness is the
fourth most common cause of death in urban
arcas. In India, inefficiencies in the power
sector have been identified by the Planning
Commission as a constraint on employment
creation and poverty reduction (box 3.11).13?
As these examples demonstrate, both countries
stand to gain from enhanced energy efficiency
and reduced pollution—and the entire world
stands to gain from the CO, mitigation
that would come with improved efficiency.
Conversely, all parties stand to lose if the gaps
in coal-fired energy efficiency are not closed.

If the potential for win—win outcomes is so
strong why are the investments in unlocking
those outcomes failing to materialize? For two
fundamental reasons. First, developing countries
themselves face constraints in financing and
capacity. In the energy sector, setting a course
for low-carbon transition requires large front-
loaded investments in new technologies, some of
which are still in the early stages of commercial
application. The combination of large capital
cost, higher risk and increased demands on
technological capabilities represents an obstacle
to early deployment. Achievinga breakthrough
towards a low-carbon transition will impose
substantial incremental costs on developing
countries, many of which are struggling to
finance current energy reforms.

Failures in international cooperation
represent the second barrier. While the
international climate security benefits of a
low-carbon transition in the developing world
may be substantial, the international financing
and capacity-building mechanisms needed to
unlock those benefits remain underdeveloped.
In energy, as in other areas, the international
community has not succeeded in developing a
strategy for investing in global public goods.

This is not to understate the importance of
a range of programmes that are now underway.



With the world’s fastest growing economy, one-fifth of its popula-
tion, and a highly coal-intensive energy system, China occupies a
critical place in efforts to tackle climate change. It is the world’s
second largest source of CO, emissions after the United States
and is on the verge of becoming the largest emitter. At the same
time, China has a small per capita carbon footprint by international
standards, just one-fifth of that in the United States and a third of
the average for developed countries.

Climate change confronts China with two distinctive but
related challenges. The first challenge is one of adaptation. China
is already registering highly damaging climate change impacts.
Extreme weather events have become more common. Droughts in
north-eastern China, flooding in the middle and lower reaches of
the Yangtze River and coastal flooding in major urban centres such
as Shanghai are all examples. Looking to the future, it would be
no exaggeration to say that China faces the prospect of a climate
change emergency. Yields of the three major grains—wheat, rice
and maize—are projected to decline with rising temperatures and
changed rainfall patterns. Glaciers in western China are projected
to thin by 27 percent to 2050. Large reductions in water availability
are projected across several river systems, including those in
northern China—already one of the world’s most ecologically
stressed regions.

As these scenarios suggest, China has a strong national interest
in supporting global mitigation efforts. The challenge is to change the
emissions trajectory in a high-growth economy without compromis-
ing human development. Currently, emissions are on a sharply rising
trend. They are projected by the IEA to double to 10.4 Gt CO, by
2030. Under its 11th Five-Year Plan, the Chinese Government has
set a wide range of goals for lowering future emissions:

e Energy intensity. The current targets include a goal of reducing
energy intensity by 20 percent below 2005 levels by 2010.
Achieving that goal would reduce business-as-usual CO,
emissions by 1.5 Gt by 2020. Progress to date has been slower
than anticipated, at around one-quarter of the required level.

e Largeenterprises. In 2006 the National Development and Reform
Commission (NDRC) launched a major programme—the Top
1000 Enterprises Programme—to improve energy efficiency
in the country’s largest enterprises through monitored energy
efficiency improvement plans.

e Advanced technology initiatives. China is now becoming active
in the development of IGCC technologies that could enhance
energy efficiency and set the scene for an early transition

Sources: CASS 2006; Li 2007; Watson et al. 2007; World Bank 2006d.

to CCS. However, while a demonstration project has been

authorized, implementation has been delayed by financing

constraints and uncertainties over commercial risks.

e Retiring inefficient power plants and industrial enterprises.
In 2005, only 333 of China’s 6,911 coal-fired power units had
capacities in excess of 300 MW. Many of the remainder have
a capacity of less than 100 MW. These smaller units tend to
use outmoded turbine designs that combine low efficiency
with high levels of emissions. An NDRC plan envisages the
accelerated closure of small, inefficient plants with a capacity
of less than 50 MW by 2010. Targets have also been set for
closing inefficient plants in areas such as steel and cement
production, with stipulated reduction quotas for regional and
provincial governments. In 2004, large and medium-sized steel
mills consumed 705 kg of coal per tonne of steel, while smaller
mills consumed 1045 kg/tonne.

e Renewable energy. Under a 2005 renewable energy law, China
has set a national target of producing 17 percent of primary
energy from renewable sources by 2020—more than twice the
level today. While hydropower is envisaged as the main source,
ambitious goals have been set for wind power and biomass,
backed by financial incentives and subsidies.

These are ambitious targets. Translating them into measures
that shape energy market outcomes will be difficult. For example,
very small and highly inefficient units (less than 200 MW) accounted
for over one-third of the new capacity installed from 2002 to 2004.
That outcome points to a governance challenge in energy policy.
In effect, a significant proportion of Chinese coal-fired power
plant development is out of central government control, with local
government not enforcing national standards. Similarly, there are
very large gaps in efficiency between small enterprises and the
larger enterprises subject to government regulatory authority.

Enhancing energy efficiency and reducing carbon intensity will
require sustained reforms in China. At the same time, the current
direction of energy reform, with a growing emphasis on efficiency,
renewables and carbon mitigation, opens up opportunities for
international cooperation and dialogue on climate change. The entire
world has an interest in China deploying coal technologies that will
facilitate the earliest and most rapid cuts in CO, emissions—and
the earliest transition to CCS. Multilateral financing and technology
transfer could play a critical role by meeting the incremental costs
of a low-carbon transition, creating incentives and supporting the
development of capacity.

Yet the experience of coal again provides a
powerful demonstration of current failures
in international cooperation. While there has
been a proliferation of exercises in cooperation,
delivery has been largely limited to dialogue. One
example is the Asia-Pacific Partnership on Clean

Development. This brings together a large group
of countries—including China, India, Japan and
the United States—committed to expanding
the development and deployment of low-carbon
technology. However, the partnership is not
based on binding commitments and has so far
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Rapid economic growth over the past two decades has created
unprecedented opportunities for poverty reduction in India.
Sustained growth, allied to policies that tackle deep social
disparities, is a basic requirement for overcoming the country’s
large human development deficit. But is there a tension between
the national energy security policies needed to support economic
growth and global climate security?

From a global climate change mitigation perspective, rapid
economic growth fuelled by coal in the world’s second most
populous country poses an obvious challenge. Yet it also provides
an opportunity for international cooperation.

India is now the world’s fourth largest emitter of CO,. Between
1990 and 2004, emissions increased by 97 percent—one of the
highest rates of increase in the world. However, per capita energy
use is rising from a low base. The average Indian uses 439 kg of
oil-equivalent energy (kgoe), less than one-half of the average for
China. The comparable figure for the United States is 7,835 kgoe.
India’s per capita carbon footprint places the country 128t in the
world league table.

The energy shortfalls behind these figures have implications
for human development. Around half of India’s population—some
500 million people—do not have access to electricity. At a house-
hold level, low levels of energy use are reflected in high levels of
dependence on biofuels (see figure). Meanwhile, persistent power
shortages and unreliable supply act as a constraint on economic
growth, productivity and employment. The all-India average for
peak power shortages is 12 percent.

Energy occupies a critical place in India’s development
planning. The ambition set out in its Eleventh Five-Year Plan is to
sustain economic growth rates in excess of 8-9 percent a year.
At this level, energy generation will also have to double. Over the
longer term, sustaining growth at current levels through to 2030 will
require a fivefold increase in energy generation.

Coal is likely to provide most of the increase. With abundant
domestic supplies—India accounts for around 10 percent of
the world’s known reserves—and concerns over the security of
imported energy supplies, coal will remain the preferred fuel.
Business-as-usual scenarios point to an increase in the share of
coal in power supply and CO, emissions. Coal-based emissions
are projected to rise from 734 Mt CO, in 2004, to 1,078 Mt CO, in
2015 and 1,741 Mt CO, by 2030.

Radical changes to this emissions trajectory are possible. Low
levels of energy efficiency are holding back India’s efforts to increase
energy supply and expand access to electricity, while driving up
emissions. Research carried out by the Planning Commission

estimates that India could generate the same amount of power with
one-third less fuel. As shown in this chapter, efficiency gains have
the potential to generate deep cuts in emissions.

Technology provides part of the explanation for the low levels
of efficiency in the coal sector. Over 90 percent of India’s coal
generation capacity is subcritical, much of it concentrated in
small-scale plants. Improving the efficiency of these plants would
generate large energy sector benefits for India, along with global
climate change mitigation benefits.

Domestic policy reform is one requirement for unlocking
efficiency gains. The power sector in India is dominated by large
monopolies that control both power supply and distribution. Most
state power utilities are in a financially weak condition, with average
annual losses running at 40 percent. Uncollected bills, the provision
of heavily subsidized electricity to agriculture (where most benefits
are captured by high income farmers) and wider inefficiencies
all contribute to these losses. The upshot is that utilities lack the
financial resources needed to upgrade technology.

Current reforms are addressing these problems. The 2003
Electricity Act provides a framework for more efficient and equitable
tariffs. New regulatory structures have been created, and some
states—such as Andhra Pradesh and Tamil Nadu—have started
to break electricity boards up into more competitive units for
generation, transmission and distribution.

Energy reform in India provides the international community
with an opportunity to support national policies that will also
advance global climate change mitigation goals. Early adoption of
clean coal technologies and best-practice international standards
would enable India to change its emissions trajectory while meeting
rising energy demand.

Research carried out for this Report by the Tata Energy

Research Institute estimates that rad I

. . . raditional energy sources
an annualized increase in invest- still dominate
ment of around US$5 billion is

needed for the period 2012-2017
to support a rapid transition to

Energy consumption
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Coal Liquid petroleum
)

low-carbon energy generation, gas (LPG
Kerosene

over and above current invest-
ment plans. Mobilizing these

resources through the type of Dulr:g
multilateral mechanisms pro- oare

posed in this chapter could create -

Electricity and chips

a win—win outcome for energy
efficiency in India and global
climate change mitigation.

Source: Government of India 2006a.

Source: Government of India 2006a, 2006b; Mathur and Bhandari 2007; MIT 2007; Watson et al. 2007.

produced little more than information exchange. The failure to develop substantive
Much the same is true of the G8’s Plan of

Action for Climate Change, Clean Energy and ~ From a global public goods perspective, there

cooperation on CCS is particularly worrisome.

Sustainable Development. is an overwhelming interest in developed
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countries speeding-up the deployment of CCS
technologies at home, and then ensuring that
they are available to developing countries as
soon as possible and at the lowest price. Perhaps
the most concrete example of cooperation in
this area to date is the Near-Zero Emissions
Coal Project, which is part of the European
Union-China Partnership on Climate Change.
The project is planned in three phases, starting
with a three-year feasibility study (2005-2008)
to explore technological options. The ultimate
target is a single demonstration plant in 2020.
However, progress in implementation has
been slow—and details for implementing later
phases have yet to be revealed.!*> Collaboration
between the United States' FutureGen ‘clean
coal’ project and Huaneng, China’s third largest
coal-power generation company, has been beset
by similar uncertainties.

The missing link—a framework for
finance and technology transfer

What is missing from the current patchwork
of fragmented initiatives is an integrated
international framework for finance and
technology transfer. Developing that framework
is a matter of urgency.

There are several areas in which
international cooperation could help
strengthen climate change mitigation efforts
through support for national energy policy
reforms. Under the UNFCCC, developed
countries undertook to “meet the agreed full
incremental costs” of a range of measures
undertaken by developing countries in the
three core areas of finance, technology and
capacity building.!** National resource
mobilization will remain the primary
financing vehicle for energy policy reform.
Meanwhile, the focal point for international
cooperation is the incremental financial cost
and the enhanced technological capabilities
required to achieve a low-carbon transition.
For example, international cooperation would
mobilize the resources to cover the ‘price gap’
between low-carbon options such as renewable
energy and enhanced coal-efficiency options
on the one side, and existing fossil-fuel based
options on the other side.

The underlying problem is that developing
countries already face deep financing
constraints in energy policy. Estimates by
the IEA suggest that an annual investment
for electricity supply alone of US$165 billion
annually is needed through to 2010, rising at
3 percent a year to 2030. Less than half of this
financing is available under current policies.!*
Financing deficits have very real implications
for human development. On current trends
there will still be 1.4 billion people lacking
access to electricity in 2030, and one-third of
the world’s population—2.7 billion people—
will still be using biomass.!3¢

Developing countries themselves have to
address a wide range of energy sector reform
problems. In many countries, heavily-subsidized
energy prices and low levels of revenue collection
represent a barrier to sustainable financing.
Electricity subsidies are often directed
overwhelmingly towards higher-income groups
partly because they are distributed through
large centralized grids to which the poor
have limited access. Greater equity in energy
financingand the development of decentralized
grid systems that meet the needs of the poor are
two of the foundations for meaningful reform.
However, it is neither realistic nor equitable to
expect the world’s poorest countries to finance
both the energy investments vital for poverty
reduction at home and the incremental costs of
alow-carbon transition to support international
climate change mitigation.

These costs are linked to the capital
requirements for new technologies, the increase
in recurrent costs in power generation and the
risks associated with the deployment of new
technologies. As with any new technology, the
risks and uncertainties associated with low-carbon
technologies that have yet to be widely deployed
even in the developed world represent a large
barrier to deployment in developing countries.®”

The multilateral framework for the post-2012
erawill have to include mechanisms that finance
these incremental costs, while at the same time
facilitating technology transfer. Puttinga figure
on costs is difficult. One ballpark estimate
for the investment costs to facilitate access to

low-carbon technology broadly consistent with
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The Kyoto Protocol and the
framework provided by the
UNFCCC provide the primary
platform for addressing
global cooperation on
climate change under

United Nations leadership

our sustainable emissions pathway suggests that
an additional US$25-50 billion per annum
would be required for developing countries.!?
However, this is at best an approximation.
One of the most urgent requirements for
international cooperation is the development
of detailed national financing estimates based
on national energy policy plans.

Whatever the precise figure, financial
transfers in the absence of cooperation on
technology and capacity-building will be
insufficient. The massive new investments
required in developing countries' energy sectors
over the next 30 years provide a window of
opportunity for technological transformation.
However, technological upgrading cannot be
achieved through asimple process of technological
transfer. New technologies have to be
accompanied by the development of knowledge,
capabilities in areas such as maintenance, and the
development of national capacities to climb the
technology-ladder. This is an area in which inter-
national cooperation—including South-South
cooperation— has an important role to play.

Strengthened cooperation on financing,
technology and capacity-building is vital for
the credibility of the post-2012 Kyoto Protocol
framework. Without that cooperation, the
world will not get on to an emissions trajectory
thatavoids dangerous climate change. Moreover,
developing countries will have little incentive
to join a multilateral agreement that requires
significant energy policy reforms on their part,
without providing financial support.

History offers some important lessons.
Perhaps the most successful of all international
environmental treaties is the 1987 Montreal
Protocol—the agreement forged to cut back
emissions of ozone-depleting substances.
Prompted by alarm over the expansion of
the ozone hole above Antarctica, the treaty
set stringent time-bound targets for phasing
out these substances. Developing countries’
participation was secured through a multilat-
eral fund under which the incremental costs
of achieving the targets were met by developed
countries. Today, no countries are signiﬁcantly
off track for achieving the Montreal Protocol
targets—and technology transfer is one of the
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primary reasons for this outcome.'* The benefits
of international cooperation are reflected in the
fact that the ozone hole is shrinking,

Experience under the Montreal Protocol
has informed the multilateral response to
climate change. Under the UNFCCC, the
Global Environment Facility (GEF) became
a financial instrument to mobilize resources
for climate change activities in mitigation and
adaptation. While overall financing has been
limited, especially in the case of adaptation
(see chapter 4), funds controlled under the
GEF have demonstrated a capacity to leverage
larger investments. Since its inception in
1991, the GEF has allocated US$3 billion,
with co-financing of US$14 billion. Current
resource mobilization is insufficient to finance
low-carbon transition at the pace required.
Moreover, the GEF continues to rely principally
on voluntary contributions—an arrangement
that reduces the predictability of finance. If the
GEF is to play a more central role in mitigation
in support of nationally-owned energy sector
reforms, financing provisions may have to be
placed on a non-voluntary basis.!*’

Building international cooperation on
climate change is a formidable task. The good
news is that the international community does
not have to start by reinventing the wheel.
Many of the individual elements for successful
cooperation are already in place. The Kyoto
Protocol and the framework provided by the
UNFCCC provide the primary platform for
addressingglobal cooperation on climate change
under United Nations leadership. The CDM has
provided a mechanism linking the mitigation
agenda to financing for sustainable development
in developing countries. This is done through
greenhouse gas reducing projects that generate
emission credits in developing countries which
can be used by developed countries to offset
their own domestic emissions. In 2006, CDM
financing amounted to US$5.2 billion.!*! At
one level, the CDM is potentially an important
source of carbon financing for mitigation in
developingcountries. Atanotherlevel, the CDM
suffers from a number of shortcomings. Because
it is project-based, transaction costs are high.
Establishing that CDM emission reductions



are ‘additional’, and monitoring outcomes, is
also problematic. There are legitimate concerns
that many of the emissions reductions under
the CDM have been illusory. Moreover, carbon
abatement has often been purchased at prices
far higher than costs (box 3.12). Even without
these problems, scaling-up the CDM in its

current form to achieve emission reductions
and financing transfers on the scale required
would be enormously complex. It would require
the establishment of thousands of projects,
all of which would have to be validated and
registered, with subsequent emission outcomes
subject to verification and certification.

With cap-and-trade programmes set to play an increasingly
prominent role in the mitigation efforts of rich countries, carbon
markets are set to take-off on a global scale. Firms and governments
will continue to seek low cost abatement opportunities in
developing countries. Could flows of carbon finance help to expand
opportunities for sustainable development and a low-carbon
transition in the poorest countries?

Flexible mechanisms that have emerged from the Kyoto Protocol
have created opportunities for developing countries to participate
in carbon markets. The CDM market is set to grow from its current
level of around US$5 billion. However, CDM projects are heavily
concentrated in a small number of large developing countries. These
countries have developed a strong capacity to market mitigation in
large industrial enterprises. So far, the poorest developing countries
have been bypassed—and there have been limited benefits for
broad-based sustainable development (see figure).

Most CDM projects go to a handful of countries

Certified emission reductions
(% of total), 2004-2007

. Others
Chile

Brazil
India

Korea
(Rep. of)

China

Source: UNFCCC 2007b.

Perhaps unsurprisingly, carbon markets have concentrated
finance in countries offering to reduce carbon emissions at the
lowest abatement price. Sub-Saharan Africa represents less than
2 percent of credits, with only one country figuring in the 2007
project pipeline. Moreover, carbon finance flows have been heavily
skewed towards greenhouse gases (other than CO,) known as
HFCs, especially in countries such as China and India. Because the
cost of destroying these gases, which account for over one-third
of all emission credits, is much lower than the price that credits

Source: UNDP 2007; UNFCCC 2007d; Zeitlin 2007.

can make on the open market, carbon trading has generated large
profits for chemical companies and carbon brokers. Benefits for the
world’s poor have been less evident.

Market barriers provide one explanation for the limited
participation of developing countries. Current rules for the flexibility
mechanisms in the Kyoto Protocol restrict the scope of carbon
financing linked to land use (section 3.4). The more serious structural
problem is that groups such as small-scale farmers and forest
dwellers do not have opportunities to engage in carbon markets,
partly because the markets themselves are remote; and partly
because they lack marketable rights in land and environmental
resources. Marginal women farmers in Burkina Faso or Ethiopia
are not well placed to negotiate with carbon brokers in the City of
London—and carbon brokers seeking to minimize transaction costs
have an inbuilt preference for large suppliers of mitigation credits.

Social organization is one of the keys to tapping the potential
of carbon markets for sustainable development. In 2006, Kenya’s
Greenbelt Movement successfully marketed a programme to reforest
two mountain areas in Kenya as part of an emissions reduction
agreement. Women’s groups will plant thousands of trees, with
revenues coming from a carbon trade for the reduction of 350,000
tonnes of CO,. The aim is to generate wide-ranging social and
environmental benefits, including the restoration of eroded soils.

Innovative new approaches are being developed to address
barriers to market entry. One example is the MDG Carbon Facility
launched by the UNDP. In an effort to link carbon financing to
sustainable development goals, UNDP ‘bundled’ a portfolio
of projects sourced over 2 years, generating up to 15 Mt CO,e
within the first Kyoto commitment period (2008-2012). The credits
will be marketed by Fortis Bank. One cluster of projects aims at
renewable energy programmes to bring electricity to remote
areas. Another will support the use of animal dung to generate
biogas, freeing up women and children from fuelwood collection.
Stringent processes have been established to ensure that the
projects deliver mitigation and benefits for the poor.

The MDG Carbon Facility is an attempt to achieve a wider
distribution of benefits from carbon markets. It involves the
development of new operational and financing mechanisms. If
successful, it will give some of the world’s poorest countries the
opportunity to participate in these markets. And it will link climate
change mitigation to pro-poor sustainable development.
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Under a programme-based
approach, developing
countries could pledge to
achieve a specified level of
emission reduction, either
in a specific sector (such
as electricity generation) or

for the country as a whole

Shifting the focus towards programme-
based approaches could yicld far more positive
outcomes. Under a programme-based approach,
developing countries could pledge to achieve a
specified level of emission reduction, either in a
specific sector (such as electricity generation) or
for the country as a whole. The target could be
set against a specific benchmark either in terms
of reductions from a business-as-usual reference
scenario or in terms of absolute cuts. Developed
countries could support achievement of the
targets by agreeing to meet the incremental costs
of new technologies and capacity building. For
example, current energy plansin Chinaand India
could be revisited to explore the potential and the
costs for reductions in CO, emissions through
the introduction of expanded programmes for
renewable energy and accelerated introduction
of clean coal technologies.

Negotiations on the post-2012 Kyoto
Protocol framework provide an opportunity to
put in place an architecture for international
cooperation that links climate change
mitigation to sustainable energy financing. One
option would be the creation of an integrated
Climate Change Mitigation Facility (CCMF).
The CCMF would play a wide-ranging role. Its
overarching objective would be to facilitate the
development of low-carbon energy systems in
developingcountries. To that end, the aim would
be to provide through multilateral channels
support in key areas, including financing,
technology transfer and capacity-building.
Operations would be geared towards the
attainment of emission reduction targets agreed
under the post-2012 framework, with dialogue
based on nationally-owned energy strategies.
Rules and governance mechanisms would have
to be developed to ensure that all parties deliver
on commitments, with CCMF support geared
towards well-defined quantitative goals and
delivered in a predictable fashion. The following
would be among the core priorities:

o The mobilization of finance. The CCMF
would mobilize the US$25-50billion needed
annually to cover the estimated incremental
costs of facilitating access to low-carbon
technologies. Financing provisions would

be linked to the circumstances of countries.
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In middle-income countries—such as
China and South Africa—concessionary
finance might be sufficient, whereas low-
income countries rnight require grants.
The development of a programme-based
CDM approach linking carbon markets in
rich countries to mitigation in developing
countries would be another instrument
in the CCMF toolkit. One of the broad
objectives of the CCMF would be to leverage
private investment, domestic and foreign.
Public finance could be partly or wholly
generated through carbon taxation or levies
on cap-and-trade permits.

o Mitigating risks. Commercial risks associated
with the introduction of new, low-carbon
technologies can act as a significant barrier
to market entry. CCMF financing could be
used to reduce risks through concessional
loans, along with partial or full risk guarantees
on loans for new technology—extending an
approach developed under the World Bank’s
International Finance Corporation (IFC).

o Building technological capabilities. The
CCMF could act as a focal point for
wide-ranging cooperation on technology
transfer. The agenda would extend from
support for developing countries secking
financing for technology development, to
the strengthening of capacity in state and
non-state enterprises, strategies for shar-
ing new technologies, and support for the
development of specialized training agen-
cies and centres of excellence in low-carbon
technology development.

o Buyingout intellectual property. It is not clear
that intellectual property rights are a major
barrier to low-carbon technology transfer.
In the event that transfers of breakthrough
technology were constrained by intellectual
property provisions, the CCMF could be used
to finance a structured buy-out of intellectual
property rights, making climate-friendly
technologies more widely accessible.

o Expandingaccesstoenergy. Meeting the needs
of populations lacking access to modern
energy services without fuelling dangerous
climate change is one of the greatest chal-
lenges in international cooperation. There



are strong efficiency and equity grounds for

developing decentralized, renewable energy

systems. Here too, however, there are large
financing gaps. Under an Action Plan for

Energy Access in Africa drawn up by the

World Bank and others, strategies have

been identified aimed at increasing access

to modern energy from 23 percent today to

47 percent by 2030.!4? Implementation of

these strategies will require an additional

US$2 billion in concessional financing

each year—roughly double current levels.

The CCMF could provide a focal point

for international efforts to mobilize these

resources.

Creating a CCMF would not entail
the development of vast new institutional
structures. Large international bureaucracies
that duplicate existing mechanisms will not
help advance climate change mitigation.
Neither will a ‘more-of-the-same’ model. If the
world is to unite around a common mitigation
agenda, it cannot afford to continue the current
patchwork of fragmented initiatives. What
is needed is a multilateral framework that
links ambitious targets with ambitious and
practical strategies for transferring low-carbon
technologies. That framework should be
developed under the auspices of the UNFCCC
as part of the post-2012 Kyoto Protocol. And it
should be designed and implemented through
a process that gives developing countries,
including the poorest countries, a real voice.

The starting point is political leadership.
Stringent climate change mitigation will not
happen through discrete technological fixes
and bilateral dialogue. Government leaders
need to send a clear signal that the battle against
climate change has been joined—and that the
future will look different to the past. That
signal has to include a commitment on the part
of developed countries to technology transfer
and financing for a low-carbon transition.
More broadly, what is needed is a partnership
on mitigation. That partnership would be a
two-way contract. Developing countries would
draw on international support to strengthen
current efforts to reduce emissions, setting

quantitative targets that go beyond current

plans. Developed countries would underwrite
attainment of incremental elements in these
targets, supporting nationally-owned energy
strategies that deliver tangible outcomes.

Developed through a CCMF framework,
this approach could provide a focal point for
a broad-based effort. Because a low-carbon
transition is about far more than technology
and finance, specialized agencies of the United
Nations—such as UNDP and UNEP—could
focus on an enhanced capacity-building effort,
building the human resource base for deep
energy reforms. The World Bank would be
well-placed to oversee the financing provisions
of the proposed CCMF. Its role could entail
management of the subsidy element in the
CCME, the blending of concessional and non-
concessional finance, oversight of subsidized
credits to reduce risk, and the leveraging of
private sector support. At a time when the
future role of the World Bank in much of the
developing world is uncertain, the CCMF could
provide the institution with a clear mission
that links improved access to energy and
energy efficiency to climate change mitigation.
Substantive engagement with the private sector
would be imperative given its critical role in
finance and technological innovation.

Reducing deforestation

The world’s forests are vast repositories for
carbon. The erosion of those repositories through
deforestation accounts for about one-fifth of
the global carbon footprint. It follows that
preventing deforestation can mitigate climate
change. But forests are more than a carbon bank.
They play a crucial role in the lives of millions
of poor people who rely on them for food, fuel
and income. And tropical forests are sites of rich
biodiversity. The challenge for international
cooperation is to find ways of unlocking the
triple benefits for climate mitigation, people and
biodiversity that could be generated through
the conservation of forests.

Governments are not currently meeting the
challenge. The facts on deforestation tell their
own story (figure 3.9). Between 2000 and 2005,

net forest loss worldwide averaged 73 thousand
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around a common
mitigation agenda, it
cannot afford to continue
the current patchwork of

fragmented initiatives
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Across the developing
world, rainforests are being
felled for gains which, in a
functioning carbon market,
would be dwarfed by the

benefits of conservation
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square kilometres a year—an area the size of a
country like Chile.*? Rainforests are currently
shrinking at about 5 percent a year. Every hec-
tare lost adds to greenhouse gas emissions.
While forests vary in the amount of carbon that
they store, pristine rainforest can store around
500 tonnes of CO, per hectare.

Between 1990 and 2005, shrinkage of the
global forest estate is estimated to have added
around 4 Gt CO, to the Earth’s atmosphere
each year.!** If the world’s forests were a
country, that country would be one of the top
emitters. On one estimate, deforestation, peat
land degradation and forest fires have made
Indonesia the third largest source of greenhouse
gas emissions in the world.!*> Deforestation
in the Amazon region is another of the great
sources of global emissions. Data from the
Instituto de Pesquisa Ambiental da Amazénia,
a research institute in northern Brazil, suggest
that deforestation is responsible for emissions

of an estimated 730 Mt CO, each year.14¢

The many drivers of deforestation
Deforestation is driven by many forces. In some
cases, poverty is the driver, with agricultural
populations collecting fuelwood or expanding
the frontier for subsistence agriculture. In
others, opportunities for wealth generation are
the main engine of destruction.

The expansion of national and international
markets for products such as beef, soybeans,
palm oil and cocoa can create strong incentives

for deforestation. In Brazil, devaluation and a

- Forests are in retreat
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30 percent increase in prices for soy exports
from 1999 to 2004 gave a boost to forest
clearance. In the 5 years to 2005, the states
of Goias, Mato Grosso and Mato Grosso
do Sul planted an additional 54,000 square
kilometres of soy—an area slightly larger than
Costa Rica. At the same time, forests are under
pressure from commercial logging, much of it
illegal. In Cambodia, to take one example,
illegal logging of hardwood timbers for export
was responsible for much of the 30 percent
reduction in primary rainforest cover since
2000—one of the most rapid losses recorded
by the FAO.!¥

Commercial pressures on rainforests
are unlikely to dissipate in the near future.
Croplands, pastures, plantations and logging
are expanding into natural forests across the
world. Population growth, rising incomes and
opportunities for trade create incentives for
deforestation—as does market failure on a
global scale.

The scale of market failure is revealed in
the basic economics of rainforest conversion.
Across the developing world, rainforests are
being felled for gains which, in a functioning
carbon market, would be dwarfed by the
Consider the
following example. In Indonesia, oil palm

benefits of conservation.

cultivation generates an estimated value of
US$114 per hectare. As the trees that stood
on that hectare burn and rot, they release CO,
into the atmosphere—perhaps 500 tonnes a
hectare in dense rainforests. At a carbon price
of US$20-30 a tonne, a plausible future range
on the EU ETS, the carbon market value of
that release would amount to US$10,000-
15,000 a hectare. Put differently, farmers in
Indonesia are trading a carbon bank asset
worth at least US$10,000 in terms of climate
change mitigation, for one worth US$114, or
around 2% of its value.'*® Even commercial
logging, which generates a higher market
return, represents less than one-tenth of the
value of the carbon bank. And these figures do
not include the market and non-market values
of environmental services and biodiversity.
Perverse incentives are at the heart of

a ‘lose—lose’ scenario. The world is losing



immense opportunities for carbon mitigation
through forest conversion. Countries are losing
assets that could have a real value in terms of
carbon finance. And people depending on
forests for their livelihoods are losing out to
economic activities operating on the basis of a
false economy. Viewed in narrow commercial
terms, deforestation makes sense only because
markets attach no value to carbon repositories.
In effect, standing trees are obstacles to the
collection of money lying on the ground.
While national circumstances vary, in many
countries most of that money is appropriated
by large-scale farmers, ranchers and illegal
loggers. The upshot is that market failures are
creating incentives that are bad for climate
change, bad for national environmental
sustainability and bad for equity.

What would it take to change the current
incentive structure? Economic analysis can
provide a very partial insight. The World
Bank estimates that a price of US$27/t CO,
would induce conservation of 5 million km?
of rainforest by 2050, preventing the release
of 172Gt CO,."” However, markets cannot
be considered independently of institutions
and power relationships. Translating market
incentives into rainforest conservation will
require wide-ranging measures to distribute
the benefits to poor farmers, thereby reducing
poverty-related deforestation pressures, and
to regulate the activities of large commercial
farmers and illegal actors.

Carbon markets alone will not provide
an automatic corrective for the wider forces
driving deforestation. This is because forests
are far more than carbon banks. Many of their
ecological functions are unmarketed. Markets
do not attach a price to the 400 plant species
in Indonesia’s Kerinci-Sebat National Park
in Sumatra, nor to the immense biodiversity
in Brazil’s cerrado or savannah woodland.
This generates an illusion that a zero price is
associated with a zero economic value. As one
commentator has written: “When conservation
competes with conversion, conversion wins
because its values have markets, whereas
conservation values appear to be low. Prices and

values should not be confused.”’>°

Inequalities in political power are another
source of deforestation not casily amenable
to correction through the market. In Brazil,
the incursion of commercial agriculture into
rainforest areas has been associated with
violations of the human rights of indigenous
people and recourse to violence.”! In Papua New
Guinea, forest rights reside with indigenous
communities in legislative theory. However,
formal legal tenure has not prevented logging
companies from operating without the consent
of indigenous people.’* In Indonesia, laws
have been passed which recognize the rights
of indigenous forest dwellers.”>> However,
the eviction of indigenous people with the
expansion of illegal logging and commercial
plantations continues unabated. Living in
remote areas, lacking economic power and with
a weak voice in policy design and enforcement,
forest dwellers carry less weight than powerful
vested interests in forest management.

Governance of forests has to reflect their
diverse functions. Forests are ecological resources
that generate wide-ranging public and private
benefits. They are the home and basis of livelihoods
for many poor people and a source of potential
profit for large commercial interests. They are a
productive asset, but also a source of biodiversity.
One of the challenges in forest governance is to
balance the demands of competing interests with
very different levels of power.

Some countries are developing institutional
structures to address that challenge. In 2004,
Brazil started implementing an Action Plan
for Preventing and Controlling Deforestation.
That plan integrates the work of 14 separate
ministries. It establishes a legal framework for
land-use decisions, strengthens monitoringand
creates a legal framework for sustainable forest
management. Outcomes will depend upon
implementation and enforcement through
state governments—an area where the record
to date has been mixed. However, preliminary
data for 2005 and 2006 suggests that the rate of
deforestation has slowed by around 40 percent
in the state of Mato Grosso."** Government
commitment and the active engagement of
civil society have been critical to this step in a
positive direction.

Translating market incentives
into rainforest conservation
will require wide-ranging
measures to distribute the

benefits to poor farmers
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The rehabilitation of severely
degraded grasslands,
and the conversion of

degraded croplands to
forests and agroforestry
systems, can also build

carbon storage capacity

International cooperation on climate
change alone cannot resolve the wider problems
driving deforestation. Respect for the human
rights of indigenous people, the protection of
biodiversity and conservation are issues for
national political debate. However, the world
is losing an opportunity to join up the climate
change mitigation agenda with a range of wider
human development benefits. International
cooperation in the context of the post-2012
Kyoto commitment period could help to create
incentives to unlock these benefits.

Filling the gaps

The current Kyoto Protocol suffers from a
number of shortcomings as a framework
for addressing the greenhouse gas emissions
associated with land-use changes. There is
significant potential for creating triple benefits
from climate change mitigation, to adaptation
and sustainable development. However,
existing mechanisms limit the possibility of
harnessing carbon finance as a mechanism for
sustainable development.

Deforestation does not figure in the
current Kyoto Protocol beyond a very limited
provision to support ‘afforestation’ through the
CDM. The rules of the CDM place a 1 percent
cap on the share of carbon credits that can be
generated through land use, land-use change
and forestry, effectively de-linking activities in
this sector from the climate change mitigation
agenda. The Protocol does not allow developing
countries to create emission reductions from
avoided deforestation, limiting opportunities
for transfers of carbon finance. Nor does it
establish any financing mechanisms through
which developed countries might provide
incentives against deforestation.

Forests are the most visible ecological
resource written outof the script forinternational
cooperation on mitigation. But, they are not
the only such resource. Carbon is also stored in
soil and biomass. The rehabilitation of severely
degraded grasslands, and the conversion of
degraded croplands to forests and agroforestry
systems, can also build carbon storage capacity.
Because the environmental degradation of soils

is both a cause and an effect of poverty, tapping
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into carbon finance for these purposes could
unlock multiple benefits. These include an
increased flow of finance into environmental
sustainability, support for more resilient
livelihood systems in the face of climate change,
and benefits for climate change mitigation.

Several innovative proposals have been
developed to address the gaps in the current
Kyoto approach. The Coalition of Rainforest
Nations, led by Costa Rica and Papua New
Guinea, has argued for ‘avoided deforestation’ to
be brought into the Kyoto framework, opening
the door to the use of CDM credits. Broadly,
the idea is that every hectare of forest that
would have been cut down but is left standing is
a contribution to climate change mitigation. If
incorporated intoa CDM-type arrangement, this
would open the door to potentially large flows
of finance to countries with standing forests. A
proposal tabled by Brazil sets out an alternative
approach. This calls for the provision of new and
additional resources for developing countries that
voluntarily reduce their greenhouse gas emissions
through reduced deforestation. However, under
the Brazilian proposal the reductions would not
register as developed country mitigation credits.
Others have called for a revision of CDM rules
to allow for an increased flow of carbon finance
into soil regeneration and grassland restoration
(box 3.12).

Proposals such as these merit serious con-
sideration. The limitations of carbon markets
as a vehicle for avoiding deforestation have to
be recognized. Serious governance issues are at
stake. ‘Avoided deforestation’ is clearly a source
of mitigation. However, any standing rainfor-
est is a potential candidate for classification as
‘avoided deforestation’. Using trend rates for
deforestation activity does not help resolve the
problem of quantifying commitments, partly
because information on trends is imperfect;
and partly because changes in reference years
can produce very big shifts in results. Other
concerns, widely voiced during the last round of
Kyoto negotiations, also have to be addressed. If
avoided deforestation were integrated into the
CDM without clear quantified limits, the sheer
volume of CO, credits could swamp carbon mar-

kets, leading to a collapse in prices. Moreover,



the permanence of mitigation through ‘avoided
deforestation’ is difficult to establish.

Serious as the governance challenges are,
none of these problems represents a case against
the use of well-designed market instruments
to create incentives for conservation, refor-
estation or the restoration of carbon-absorbing
grasslands. There may be limits to what carbon
markets can achieve. However, there are also
vast and currently untapped opportunities
for mitigation through reduced deforestation
and wider land-use changes. Any action that
keeps a tonne of carbon out of the atmosphere
has the same climate impact, no matter where
it occurs. Linking that action to the protec-
tion of ecosystems could create wide-ranging
human development benefits.

Cooperation beyond carbon markets will
be needed to tackle the wider forces driving
deforestation. The world’s forests provide a wide

Conclusion

Stringent climate change mitigation will require
fundamental changes in energy policy—and in
international cooperation. In the case of energy
policy, there is no alternative to putting a price
on carbon through taxation and/or cap-and-
trade. Sustainable carbon budgeting requires the
management of scarcity—in this case the scarcity
of the Earth’s capacity to absorb greenhouse
gases. In the absence of markets that reflect the
scarcity implied by the stabilization target of
450 ppm CO, e energy systems will continue to
be governed by the perverse incentive to overuse
carbon-intensive energy.

Without

reform the world will not avoid dangerous

fundamental market-based

range of global public goods, of which climate
change mitigation is one. By paying for the
protection and upkeep of these goods through
financial transfers, developed countries could
create strong incentives for conservation.

International financial transfers, as advocated
by Brazil, could play akey role in sustainable forest
management. Multilateral mechanisms for such
transfers should be developed as part of a broad-
based strategy for human development. Without
such arrangements international cooperation is
unlikely to slow deforestation. However, success-
ful outcomes will not be achieved just through
unconditional financial transfers. Institutional
mechanisms and governance structures for
overseeing shared goals have to extend beyond
conservation and emission targets to a far wider
set of environmental and human development
concerns, including respect for the human rights
of indigenous people.

climate change. But pricing alone will not be
enough. Supportive regulation and interna-
tional cooperation represent the other two
legs of the policy tripod for climate change
mitigation. As we have shown in this chapter,
there has been progress on all three fronts.
However, that progress falls far short of what
is required. Negotiations on the post-2012
framework for the Kyoto Protocol provide
an opportunity to correct this picture.
Incorporating an ambitious agenda for
finance and technology transfer to developing
countries is one urgent requirement. Another
is international cooperation to slow the pace

of deforestation.

There are vast and currently
untapped opportunities

for mitigation through
reduced deforestation and

wider land-use changes
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Adapting to the inevitable:
national actionand
international cooperation



“If you are neutral in a situation
of injustice, you have chosen the
side of the oppressor.”

Archbishop Desmond Tutu

“An injustice committed against
anyone is a threat to everyone.”

Montesquieu



CHAPTER

All countries will have to

adapt to climate change

Adapting to the inevitable: national
action and international cooperation

The village of Maasbommel on the banks of the River Maas in Zeeland, southern

Netherlands, is preparing for climate change. Like most of the Netherlands, thisisa

low-lying area at risk from rising sea levels and rivers swollen by rain. The landscape

is dominated by water—and by the networks of dykes that regulate its flow. Located

on the Maasbommel waterfront are 37 homes with a distinctive feature: they can

float on water. Fixed to large steel stilts that are sunk into the river bed, the hollow

foundations of the homes act like the hull of a ship, buoying the structure above

water in the event of a flood. The floating homes of Maasbommel offer a case study

in how one part of the developed world is adapting to the increased risks of flooding

that will come with climate change.

People in the developing world are also
adapting. In Hoa Thanh Hamlet in Viet
Nam’s Meckong Delta, people understand
what it means to live with the risk of flooding.
The greatest risks occur during the typhoon
scason, when storms that develop in the South
China Sea produce sudden sea surges at a time
when the Mekong is in flood. Vast networks
of earth dykes maintained through the labour
of farmers are an attempt to keep the flood
waters at bay. Here too, people are dealing
with climate change risks. Dykes are being
strengthened, mangroves are being planted
to protect villages from storm surges, and
homes are being constructed on bamboo stilts.
Meanwhile, part of an innovative ‘living with
floods’ programme supported by donor agencies
is providing vulnerable communities with
swimming lessons and issuing life-jackets.

The contrastingexperiences of Maasbommel
and Hoa Thanh Hamlet illustrate how climate
change adaptation is reinforcing wider global
inequalities. In the Netherlands, public
investment in an elaborate flood defence

infrastructure provides a higher level of

protection against risk. At a houschold level,
technological capacity and financial resources
offer people the choice of dealing with the
threat of flooding by purchasing homes that
enable them to float ‘on’ the water. In Viet Nam,
a country that faces some of the world’s most
extreme threats from climate change, a fragile
flood defence infrastructure provides limited
protection. And in villages across the Mckong
Delta, adaptation to climate change is a matter
of learning to float ‘in’ the water.

All countries will have to adapt to climate
change. In rich countries governments are
putting in place public investments and wider
strategies to protect their citizens. In develop-
ing countries adaptation takes a different form.
Some of the world’s most vulnerable people
living with the risks of drought, floods and
exposure to tropical storms are beingleft to cope
using only their own very limited resources.
Inequality in capacity to adapt to climate
change is emerging as a potential driver of wider
disparities in wealth, security and opportunities
for human development. As Desmond Tutu, the
former Archbishop of Cape Town, warns in
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his special contribution to this Report, we are
drifting into a situation of global adaptation
apartheid.

International cooperation on climate change
demands a twin-track approach. The priority is
to mitigate the effects that we can control and
to support adaptation to those that we cannot.
Adaptation is partly about investment in the
‘climate-proofing’ of basic infrastructure. But
it is also about enabling people to manage
climate-related risks without suffering reversals
in human development.

If left uncorrected the lack of attention
to adaptation will undermine prospects for
human development for a large section of the

world’s most vulnerable people. Urgent action
on mitigation is vital because no amount of
adaptation planning, however well financed
or well designed, will protect the world’s
poor from business-as-usual climate change.
By the same token, no amount of mitigation
will protect people from the climate change
that is already inevitable. In a best case
scenario, mitigation will start to make a
difference from around 2030 onwards, but
temperatures will increase to around 2050.
Until then, adaptation is a ‘no-choice’ option.
The bad news is that we are a very long way
from a best-case scenario because mitigation

has yet to take off.

In a world that is so divided by inequalities in wealth and opportu-
nity, it is easy to forget that we are part of one human community.
As we see the early impacts of climate change registering across
the world, each of us has to reflect on what it means to be part of
that family.

Perhaps the starting point is to reflect on the inadequacy of
language. The word ‘adaptation’ has become part of the standard
climate change vocabulary. But what does adaptation mean? The
answer to that question is different things in different places.

For most people in rich countries adaptation has so far been
a relatively painfree process. Cushioned by heating and cooling
systems, they can adapt to extreme weather with the flick of a
thermostat. Confronted with the threat of floods, governments
can protect the residents of London, Los Angeles and Tokyo with
elaborate climate defence systems. In some countries, climate
change has even brought benign effects, such as longer growing
seasons for farmers.

Now consider what adaptation means for the world’s poor-
est and most vulnerable people—the 2.6 billion living on less
than US$2 a day. How does an impoverished woman farmer in
Malawi adapt when more frequent droughts and less rainfall cut
production? Perhaps by cutting already inadequate household
nutrition, or by taking her children out of school. How does a slum
dweller living beneath plastic sheets and corrugated tin in a slum
in Manila or Port-au-Prince adapt to the threat posed by more
intense cyclones? And how are people living in the great deltas of
the Ganges and the Mekong supposed to adapt to the inundation
of their homes and lands?

Adaptation is becoming a euphemism for social injustice on a
global scale. While the citizens of the rich world are protected from
harm, the poor, the vulnerable and the hungry are exposed to the
harsh reality of climate change in their everyday lives. Put bluntly,
the world’s poor are being harmed through a problem that is not
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of their making. The footprint of the Malawian farmer or the Haitian
slum dweller barely registers in the Earth’s atmosphere.

No community with a sense of justice, compassion or respect
for basic human rights should accept the current pattern of adapta-
tion. Leaving the world’s poor to sink or swim with their own meagre
resources in the face of the threat posed by climate change is
morally wrong. Unfortunately, as the Human Development Report
2007/2008 powerfully demonstrates, this is precisely what is hap-
pening. We are drifting into a world of ‘adaptation apartheid’.

Allowing that drift to continue would be short-sighted. Of
course, rich countries can use their vast financial and technological
resources to protect themselves against climate change, at least
in the short-term—that is one of the privileges of wealth. But as
climate change destroys livelihoods, displaces people and under-
mines entire social and economic systems, no country—however
rich or powerful—will be immune to the consequences. In the
long-run, the problems of the poor will arrive at the doorstep of
the wealthy, as the climate crisis gives way to despair, anger and
collective security threats.

None of this has to happen. In the end the only solution to
climate change is urgent mitigation. But we can—and must—work
together to ensure that the climate change happening now does not
throw human development into reverse gear. That is why | call on
the leaders of the rich world to bring adaptation to climate change
to the heart of the international poverty agenda—and to do it now,
before it is too late.

ké‘l" Qﬁ\&,,‘.“' ) »:}_\:;\:

Desmond Tutu
Archbishop Emeritus of Cape Town



Mitigation is one part of a twin strategy for
insurance under climate change. Investment
in mitigation will provide high returns for
human development in the second half of the
21** Century, reducing exposure to climate
risks for vulnerable populations. It also offers
insurance against catastrophic risks for future
generations of humanity, regardless of their
wealth and location. International cooperation
on adaptation is the second part of the climate
change insurance strategy. It represents an
investment in risk reduction for millions of
the world’s most vulnerable people.

While the world’s poor cannot adapt their
way out of dangerous climate change, the
impacts of global warming can be diminished
through good policies. Adaptation actions
taken in advance can reduce the risks and
limit the human development damage caused
by climate change.

Northern governments have a critical role
to play. When they signed the United Nations
Framework Convention on Climate Change
(UNFCCC) in 1992, these governments
agreed to help “the developing countr(ies)
that are particularly vulnerable to the adverse
effects of climate change in meeting costs of
adaptation to those adverse effects”. Fifteen
years on that pledge has yet to be translated
into action. To date, international cooperation
on adaptation has been characterized by
chronic under-financing, weak coordination
and a failure to look beyond project-based
responses. In short, the current framework
provides the equivalent of an aid sponge for
mopping up during a flood.

Effective adaptation poses many challenges.
Policies have to be developed in the face of
uncertainties on the timing, location and
severity of climate change impacts. Looking
to the future, the scale of these impacts will be
contingent on mitigation efforts undertaken
today: delayed or limited mitigation will drive
up the costs of adaptation. These uncertainties
have to be considered in the development of
adaptation strategies and financing plans.
However, they do not provide a justification
for inaction. We know that climate change

is impacting on the lives of vulnerable people

today—and we know that things will get worse
before they get better.

In one respect, the developed world has
shown the way. Here, no less than in the
developing world, governments and people
have to deal with climate change uncertainty.
But that uncertainty has not acted as a barrier
to large-scale investment in infrastructure,
or to the development of broader adapta-
tion capacities. As the primary architects of
the dangerous climate change problem, the
governments and citizens of the rich world
cannot apply one rule at home and another
to the vulnerable communities that are the
prospective victims of their actions. Watching
the consequences of dangerous climate change
unfold in developing countries from behind
claborate climate defence systems is not just
cthically indefensible. It is also a prescrip-
tion for a widening gap between the world’s
haves and have-nots, and for mass resentment
and anger—outcomes that will have security
implications for all countries.

This chapter is divided into two parts.
In the first section we focus on the national
adaptation challenge, looking at how people
and countries are responding to the challenge
and at the strategies that can make a difference.
Climate change poses such a threat because it
is exposing vulnerable people to incremental
risks. Enabling people to manage these risks
requires public policies that build resilience
through investment in infrastructure, social
insurance and improved disaster management.
It requires also a strengthened commitment to
broader policies that bolster human development
and reduce extreme inequalities.

In the second section we turn to the role
of international cooperation. There is an
overwhelming case for rich countries to play a
greater role in supporting adaptation. Historic
responsibility for the climate change problem,
moral obligation, respect for human rights and
enlightened self-interest combine to make this
case. Increased financing for the integration
of adaptation into national poverty reduction
planning is one requirement. Another is the
carly development of a coherent multilateral

structure for delivering support.
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on adaptation has been
characterized by chronic
under-financing, weak
coordination and a
failure to look beyond

project-based responses
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Planning for adaptation
to climate change is a
fast-growing industry in

developed countries

4.1 The national challenge

All countries will have to adapt to climate
change. How they adapt, and the choices open to
people and governments, will be determined by
many factors. The nature of the risks associated
with climate change varies across regions and
countries. So too does the capacity to adapt. The
state of human development, technological and
institutional capabilities and financial resources
all play a role in defining that capacity.

In some respects, the incremental risk posed
by climate change is one of degree. The policies
and institutions that can enable countries and
people to adapt to climate risks today—social
and economic policies that build capabilities and
resilience against ‘climate shocks’, investment in
infrastructural defences against flooding and
cyclones, institutions for regulating watershed
management—are the same as those that will be
needed to address future threats. However, the
scale of these threats poses both quantitative and
qualitative challenges. Some countries—and
some people—are far better equipped than
others to respond.

Adaptation in the developed world

Planning for adaptation to climate change is a
fast-growing industry in developed countries.
National governments, regional planning
bodies, local governments, city authorities and
insurance companies are all drawing up adapta-
tion strategies with a common goal: protecting
people, property and economic infrastructure
from emerging climate change risks.
Mounting public concern has been one
factor shaping the adaptation agenda. In many
developed countries there is a widespread
perception that climate change is adding to
weather-related risks. The 2003 European
heatwave, the 2004 Japanese typhoon season,
Hurricane Katrina and the devastation of New
Orleans, and episodes of drought, flooding
and extreme temperature across the developed
world have been among the headline events

fuelling public concern. Uncertainty over the
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future direction of climate change has done
little to deter public calls for more proactive
government responses.

The insurance industry has been a powerful
force for change. Insurance provides an
important mechanism through which markets
signal changes in risk. By pricing risk, markets
provide incentives for individuals, companies
and governments to undertake risk reduction
measures, includingadaptation. In both Europe
and the United States, the insurance industry
has shown growing concern over the implica-
tions of climate change for risk-related losses
(see chapter 2). Projections pointing to the
increased frequency of extreme flood and storm
events are one source of that concern. In several
countries, the insurance industry has emerged
as a forceful advocate of increased public invest-
ment in ‘climate-proofing’ infrastructure to limit
private losses. For example, the Association of
British Insurersis calling fora 50 percent increase
in national flood defence spending by 2011.!

Adaptation in the developed world has
taken many forms. The ‘floating home’ owners
of Maasbommel provide a houschold-level
illustration of behavioural shift. In other cases,
business is being forced to adapt. One example
comes from the European ski industry. Snow
cover in European alpine areas is already in
retreat, and the IPCC has warned that, at
middle elevations, the duration of snow cover is
expected to decrease by several weeks for each
1°C of temperature increase.” The Swiss ski
industry has ‘adapted’ by investing heavily in
artificial snow-making machines. Covering one
hectare of ski slopes requires about 3,300 litres
of water, and helicopters are used to ferry in
the raw material, which is converted into snow
through energy-intensive freezing.?

Many developed countries have conducted
detailed studies on climate change impacts.
Several are moving towards the implementation
of adaptation strategies. In Europe, countries
such as France, Germany and the United
Kingdom have created national institutional



structures for adaptation planning. The

European Commission has urged member

states to integrate adaptation into infrastructure

programmes and for a good reason.* With a

lifetime of 80-100 years, infrastructure such

as bridges, ports and motorways have to take
into account future climate change conditions.

Sectors such as agriculture and forestry will

have to deal with far carlier impacts, as will the

public at large.

The scale of defensive climate change adap-
tation efforts in rich countries is not widely
appreciated. While the record varies, the overall
picture is one of rising investments in preventa-
tive action. Among the examples:

e The Netherlands. As a densely populated,
low-lying country with more than one-
quarter of its land arca below sea level, the
Netherlands faces acute climate change
risks. The risks are contained through a vast
network of canals, pumps and dykes. The
dykes are constructed to withstand weather
events that might happen only once in every
10,000 years. It is not only the sea that poses
threats. The River Rhine, which forms a
large delta with the Maas, is a constant flood
threat. With sea levels rising, more intense
storms occurring, and climate models
predicting that precipitation could increase
by 25 percent, adaptation planning in the
Netherlands is viewed as a matter of national
security. Dutch water policy recognizes that
current infrastructure may be insufficient
to deal with increased water levels in rivers
and rising sea levels. In 2000 the national
policy document—Room for the River—set
out a detailed framework for adaptation. The
framework includes more stringent planning
controls on human settlements, Catchment
Area Strategies implemented by regional
authorities to develop flood-retention areas,
and a budget of US$3 billion for investment
to protect against flooding. The policy
aims at protecting the Netherlands from
discharges from the River Rhine of up to
18,000m’/s from 2015—around 50 percent
above the highest recorded level to date.

o United Kingdom. The United Kingdom
Climate Impacts Programme (UKCIP)

has drawn up detailed region-by-region
and sectoral studies lookingat adaptation
challenges. Management strategies for
flooding are being developed in the light
of risk assessments of rising sea levels and
increased rainfall. Forecasted changes in
climate, storms and rainfall patterns are
expected to lead to an increased risk of
flooding. In contrast to the Netherlands,
Britain’s flood defence systems are
designed to cope with the biggest floods
expected every 100-200 years. With sea
levels rising and more storms and rain
in prospect, flood defence strategies are
under revision. Estimates by the insurance
industry suggest that the number of homes
at risk of flooding could rise from 2 million
in 2004 to 3.5 million over the long term
if flood defence infrastructure is not
strengthened. Only around one-half of the
national flood defence infrastructure is in
good condition. The Environment Agency,
a government body, has called for at least
US$8 billion to be spent strengthening
the Thames Barrier—a mechanized flood
defence structure that protects London.
Current spending on flood management
and coastal erosion is around US$1.2
billion annually.® Major floods in 2007 led
to renewed calls for increased spending.

e Japan. Concern over adaptation in Japan
was heightened in 2004 when the country
was hit by 10 tropical cyclones. This was
more than in any other year over the
previous century. Total losses amounted
to US$14 billion, of which roughly one-
half was covered by insurance. Rising
temperatures and rising sea levels are also
increasing risk: average sea levels are rising
at 4-8mm a year. While Japan has one of
the world’s most highly developed flood
defence infrastructures, ports and harbours
are seen as sites of great vulnerability. More
intensive tropical storm activity could lead
to large-scale economic disruption. Plans
developed by the Japanese Government to
provide more effective defences in the face
of a 21°* Century sea level rise of 1 metre
estimate costs at US$93 billion.”

The European Commission
has urged member states
to integrate adaptation into

infrastructure programmes
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In the short term at
least, climate change is
likely to create winners
as well as losers—and
most of the winners will

be in rich countries

Germany. Large areas of Germany face
increased risk of flooding with climate
change. Research in the Neckar catchment
area in Baden-Wiirttemberg and Bavaria
predicts an increase of 40-50 percent in
small and medium-sized flood events by the
2050s, witha 15 percentincrease in ‘hundred
year’ floods. The Baden-Wiirttemberg
Ministry for Environment estimates
the additional cost of long-term flood
defence infrastructure at US$685 million.
Following large-scale flooding in 2002 and
2003, Germany adopted a Flood Control
Articles Act which integrates climate change
assessment into national planning, imposing
strict requirements on the designation of
flood areas and human settlements.?

California. Climate change will have seri-
ous implications for water supply in parts
of California. Rising winter temperatures
are expected to reduce the accumulation
of snow in the Sierra Nevada, which
functions as a large water storage system
for the state. Reductions in snow cover in
the Sacramento, San Joaquim and Trinity
drainage areas (relative to the average for
1961-1990) are projected to amount to 37
percent for the period 2035-2064, rising
to 79 percent for the period 2070-2090.
As an already highly water-stressed state,
California has developed an extensive
system of reservoirs and water-transfer
channels to maintain flows to dry areas.
In its 2005 Water Plan Update, the
Department of Water Resources (DWR)
sets out a wide-ranging strategy to deal with
reduced water flows, including efficiency
measures to reduce water use in urban
areas and agriculture. Increased invest-
ment in recycled water, with a target of 930
million cubic meters by 2020, or roughly
twice current levels, also figures. California
also faces increased flood threats from two
directions: rising sea levels and accelerating
snow melt. The DWR estimates the costs of
upgrading the Central Valley flood control
system and levees in the Delta alone at over
US$3 billion. Climate change could redraw
California’s coastal map, with beachfront
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real estate ending up under water, sea walls

collapsing and cliffs eroding’

These examples demonstrate that policy-
makers in rich countries do not see climate
change uncertainty as a cause for delaying
adaptation. Public investments today are scen
as an insurance against future costs. In the
United Kingdom, government agencies esti-
mate that every US$1 spent on flood defences
saves around US$5 in flood damage.!® The
returns on carly adaptation investments are
likely to increase over time as climate change
impacts strengthen. Estimates by the European
Commission suggest that the damage caused by
rising sea levels in 2020 will be up to four times
higher than damage incurred if preventative
measures are taken. By the 2080s, they could
be over cight times higher.!! Further, the costs
of such defence measures are only a fraction of
the damages they avoid (figure 4.1).

Not all adaptation is defensive. In the short
term at least, climate change is likely to cre-
ate winners as well as losers—and most of the
winners will be in rich countries. Agriculture
provides an illustration. While small-scale
farmers in developing countries stand to lose
under climate change, the medium-term
impacts could create opportunities in much
of the developed world. In the United States,

Adaptation is good investment
in the European Union

Costs (billion US$ per year)
16

2 .

Without With Without With
adaptation  adaptation adaptation  adaptation

2020s 2080s

¥ Total residual damage costs B Adaptation costs
Source: CEC 2007b.



national climate change projections show
that near-term agricultural food production
may increase, albeit with southern states lag-
ging behind and the Great Plains facing more
droughts as production centres move north.'?
Northern Europe also stands to gain from lon-
ger and warmer growing seasons, creating scope
for improved competitiveness in a range of fruit
and vegetables.!? Displacement of imports from
developing countries therefore remains a threat

to human development in some product areas.

Living with climate change—
adaptation in developing countries

While rich countries are preparing to adapt
to climate change, it is developing countries
that will be faced with the greatest and earliest
burden in terms of adverse impacts on living
standards, livelihoods, economic growth and
human vulnerability. As in the developed
world, people in the poorest countries will have
to deal with the consequences of a changing
climate. However, there are two important dif-
ferences. First, developing countries in tropical
and subtropical regions will register some of the
strongest climate change effects. Second, the
incremental risks that come with climate change
will be superimposed on societies marked by
mass poverty and acute vulnerability. While
northern governments have the financial, tech-
nological and human capabilities to respond to
the climate change risks facing their citizens,
developing countries are far more constrained.
Adaptation to climate change is not a future
scenario for the developing world. It is already
happening—justasitis in rich countries. But the
contrasts with adaptation in the developed world
are striking. In London and New York, people
are being protected against the risks associated
with rising sea levels through public investment
in infrastructure. In the poorest countries, adap-
tation is largely a matter of self-help. Millions
of people with barely enough resources to feed,
clothe and shelter their families are being forced
to direct money and labour to adaptation. Among
the examples of that struggle:
e In northern Kenya the increased frequency
of droughts means that women are walking

greater distances to collect water, often ranging
from 10 to 15 km a day. This confronts women
with personal security risks, keeps young
gitls out of school and imposes an immense
physical burden—a plastic container filled
with 20 licres of water weighs around 20 kg4
In West Bengal in India, women living
in villages in the Ganges Delta are
constructing elevated bamboo platforms
known as machan on which to take
refuge above monsoon floodwaters. In
neighbouring Bangladesh, donor agencies
and NGOs are working with people living
on chars—highly flood-prone islands that
are cut off during the monsoon—to raise
their homes above flood levels by placing
them on stilts or raised embankments.!
Communities in Viet Nam are strength-
ening age-old systems of dykes and
embankments to protect themselves against
more powerful sea surges. In the Mekong
Delta, agricultural collectives now levy a
tax for coastal protection and are support-
ing the rehabilitation of mangrove areas as
a barrier against storm surges.'
Investments in small-scale water harvesting
areincreasing. Farmers in Ecuador are build-
ing traditional U-shaped detention ponds,
oralbarradas, to capture water during wetter
years and recharge aquifers during drought
years.!” In Maharashtra, India, farmers are
coping with increased exposure to drought
by investing in watershed development and
small-scale water-harvesting facilities to col-
lect and conserve rainwater.!8

In Nepal, communities in flood-prone areas
are building early warning systems—such as
raised watchtowers—and providing labour
and material to shore up embankments to pre-
vent glacial lakes from bursting their banks.
Farmers across the developing world are
responding to emerging climate threats by
drawingon traditional cultivation technology.
In Bangladesh, women farmers are building
‘floating gardens'—hyacinth rafts on which
to grow vegetables in flood-prone areas. In Sri
Lanka, farmers are experimenting with rice
varieties that can withstand saline intrusion

and cope with reduced water.??

It is developing countries
that will be faced with

the greatest and earliest
burden in terms of adverse
impacts on living standards,
livelihoods, economic growth

and human vulnerability
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Human development
itself is the most secure
foundation for adaptation

to climate change

None of these cases provides evidence of
adaptation directly attributable to climate
change. It is impossible to establish causal-
ity between specific climate events and global
warming. What has been established is an
overwhelmingly probable link between climate
change and the type of events—droughts, water
shortages, storms and weather variability—that
force adaptation. Attempting to quantify the
climate change components of the increment to
risk in any one case is an exercise in futility. But
ignoring evidence of mounting systemic risks is
a study in myopia.

Human development itself is the most
secure foundation for adaptation to climate
change. Policies that promote equitable growth
and the diversification of livelihoods, expand
opportunities in health and education, provide
social insurance for vulnerable populations,
improve disaster management and support post-
emergency recovery all enhance the resilience
of poor people facing climate risks. That is why
climate change adaptation planning should be
seen not as a new branch of public policy but as
an integral part of wider strategies for poverty
reduction and human development.

Good climate change adaptation planning
will not override problems linked to inequality
and marginalization. Experience in Kenya is
instructive. For Kenya’s 2 million pastoral-
ists, increased exposure to future drought is a
real threat. However, that threat is magnified
by wider forces that are weakening pastoral
livelihoods today, including a policy bias in
favour of settled agriculture, the privatization
of water rights and disregard for the custom-
ary rights of pastoralists. In the Wajir district
of northern Kenya, to take one example, the
encroachment of crop production into pastoral
areas has restricted access to grazing lands,
blocked migration corridors and undermined
traditional water-sharing arrangements, lead-
ing to increased overgrazing and reduced milk

production.?

Framing national adaptation policies

There are no blueprints for successful climate
change adaptation. Countries face different
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types and degrees of risk, start from different
levels of human development and vary widely in
their technological and financial capabilities.

While policies for human development are
the most secure foundation for adaptation, even
the best human development practice will have
to take into account emerging climate change
risks. These risks will magnify the costs of past
policy failure and will demand a reassessment of
current human development practice, placinga
premium on the integration of climate change
scenarios into wider national programmes.

So far adaptation planning has been a
fringe activity in most developing countries.
To the extent that strategies for adaptation
are emerging, the focus is on climate-proofing
infrastructure. This is a critical area. But
adaptation isabout far more than infrastructure.
The starting point is to build climate change risk
assessment into all aspects of policy planning. In
turn, risk management requires that strategies
for building resilience are embedded in public
policies. For countries with limited government
capacity this is an immense task.

The magnitude of that task is insufficiently
appreciated. In Egypt, a 0.5 metre increase
in sea levels could lead to economic losses in
excess of US$35 billion and the displacement
of 2 million people.?! The country is developing
an institutional response through a high-level
ministerial dialogue led by the Ministry of the
Environment. But the sheer magnitude of the
climate risks will require far-reaching policy
reforms across the entire economy.

Another illustration comes from Namibia.??
Here too climate change poses threats across
many sectors. Fisheries provide an example.
Commercial fish processing is now one of the
mainstays of the Namibian economy: it repre-
sents almost one-third of total exports. One of
the sources of Namibia’s rich fishery revenues is
the Benguela current—a cold water current that
runs along its coast. With water temperatures
warming, there is growing concern that key fish
species will migrate southwards. This creates a
major adaptation challenge for the fisheries sec-
tor. Given the uncertainties, should Namibia be
increasing investments in fish processing? Or,

should it be secking diversity?



Adjusted for country context, these are the
type of questions being asked of governments
across the developing world. Providing
answers requires vastly strengthened capacity
in risk assessment and resilience planning.
While an international response is emerging
through mechanisms such as the Global
Environmental Facility (GEF), that response
remains under—financed, poorly coordinated
and weakly managed.

Successful adaptation planning will require
a transformational change in government prac-
tices. Reactive measures are guaranteed to prove
insufficient, as are responses that fail to address
transboundary climate change impacts through
regional cooperation. But, the greatest trans-
formation is required in planning for human
development and poverty reduction. Building
the resilience and coping capacity of the poorest
and more vulnerable sections of the society will
require something more than rhetoric pledges to
the MDGs and pro-poor growth. It will require
a fundamental reappraisal of poverty reduction
strategies backed by a commitment to enhanced
equity in tackling social disparities.

As in other arcas, adaptation policies are
likely to be more successful and responsive
to the needs of the poor when the voice of
the poor identifies priorities and shapes the
design of policies. Accountable and responsive
government and the empowerment of people
to improve their own lives are necessary condi-
tions for successful adaptation, just as they are
for human development. The foundations for
successful adaptation planning can be sum-
marized under four ‘i’s:

o Information for effective planning;

o Infrastructure for climate-proofing;

e Insurance for social risk management and
poverty reduction;

o Institutions for disaster risk management.

Information on climate risks

In planning for adaptation to climate change,
information is power. Countries lacking the
capacity and resources to track meteorological
patterns, forecast impacts and assess risk can-
not provide their citizens with good quality
information—and are less able to target the

public investments and policies that can reduce
vulnerability.

Ata global level there is an inverse relation-
ship between climate change risk exposure
and information. The IPCC acknowledges
that current climate models for Africa provide
insufficient information to downscale data
on rainfall, the spatial distribution of tropical
cyclones and the occurrence of droughts. One
reason for this is that the region has the world’s
lowest density of meteorological stations, with
one site for every 25,460 km®—one-eighth of
the minimum level recommended by the World
Meteorological Organization (WMO).? The
Netherlands, by way of contrast, has one site for
every 716 km*—four times above the WMO
minimum (figure 4.2).

Inequalities in climate monitoring
infrastructure are intimately linked to wider
disparities. Opportunities in education and
training are critical for the development of
meteorological infrastructure and the conduct
of relevant research. In countries with restricted

Africas's climate
information gap
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Source: Calculated from WMO 2007 and UN 2007b.

Adaptation policies are
likely to be more successful
and responsive to the
needs of the poor when the
voice of the poor identifies
priorities and shapes

the design of policies
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Without improved access to
information, governments
and people across the
developing world will be
denied opportunities to
develop effective climate

adaptation strategies

access to secondary and tertiary education,
the human capital for these activities is often
lacking. Evidence for this can be seen in the
distribution of published international research.
Whereas Europe and North America account
for over two-thirds of all papers published in
two major climate journals, Africa accounts for
just 4 percent.?

Financing constraints widen the disparities
in access to information. Developed countries
are able to invest far more heavily than poorer
countries in meteorological data collection
and analysis, providing climate-sensitive sectors
with a steady flow of information. Farmers in
France, to take one example, benefit from a
meteorological network that invests US$388
million annually in climate monitoring
and analysis, using some of the world’s
most sophisticated forecasting systems.”
By contrast, in Ethiopia, where over 90
percent of people depend on agriculture for
their livelihoods, the national meteorological
budget for 2005 was around US$2 million. By
sub-Saharan African standards, Ethiopia is
well endowed: in Malawi, the meteorological
budget for 2005 was less than US$1 million.?
Indeed, the French meteorological budget
exceeds expenditure on climate monitoring and
analysis for the whole of sub-Saharan Africa.?”

Capacity for monitoring and forecasting
climate can have an important bearing on
livelihood security. For agricultural producers,
advance warning of abrupt changes in rainfall
patterns or temperature can mean the difference
between a successful harvest and crop failure.
Seasonal forecasting systems and effective dis-
semination of the information they generate
can enable farmers to monitor potential hazards
and respond by adjusting planting decisions or
changing the mix of crops.

One successful example comes from Mali.
Here the national meteorological service—the
Direction Nationale de la Météorologie
(DNM)—has developed a programme for
transmitting rainfall and soil moisture infor-
mation through a network of representative
farmers’ organizations, NGOs and local
governments. Information is collected from
diverse sources, including the WMO, regional
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monitoring systems and a national network
of simple rain gauges. Throughout the grow-
ing season, farmers receive regular bulletins,
enabling them to adjust production practices.
Evaluation of results in the 2003-2004 crop-
ping season show that crop yields and incomes
were higher in areas where agro-meteorological
information was used, notably for maize.?8

The Mali experience demonstrates that low
income does not have to be a barrier to successful
action. In this case, government, farmers and cli-
matologists have worked together to generate and
disseminate information in a way that empowers
vulnerable producers, reducing the risks and
uncertainties associated with erratic rainfall. In
other countries, information is less available, and
what is available is often unequally distributed,
or presented in ways that arc not useful to
farmers or other users. All too often, large-scale
commercial growers have access to good-quality
meteorological information while smallholders
in the marginal areas facing the greatest climate
risks are in ‘information-free’ zones.

Building meteorological monitoring
capacity will require international coopera-
tion. Many developing countries lack both the
financial and technological capabilities to
scale up monitoring activities. Yet without
improved access to information, governments
and people across the developing world will
be denied opportunities to develop effective
climate adaptation strategies.

There have been some encouraging
developments. At their summitin Gleneaglesin
2005, G8 leaders recognized the importance
of building capacity to monitor climate.
They pledged to strengthen existing climate
institutions in Africa and to help the region
obtain the benefits of cooperation through the
Global Climate Observation System (GCOS)
with “a view to developing fully operational
regional climate centres in Africa”.?’
The Government of Finland has actively
supported the development of meteorological
infrastructure in eastern Africa. In the
United Kingdom, the Meteorological Office’s
Hadley Centre has developed a low-cost,
high-resolution climate monitoring model that
has been made freely available, together with



training and support, to 11 regional centres
in the developing world.3°

Encouraging as these initiatives have been,
the international response has fallen far short
of what is needed. Based on the commitments
made by the G8, the Economic Commission
for Africa and the WMO have drawn up
plans requiring a modest US$200 million
of expenditure over 10 years to expand the
region’s observation and infrastructure capac-
ity.>! However, donor support thus far has been
limited. Resources have been mobilized only
for initial scoping exercises—and the G8 has
failed to monitor progress at subsequent sum-
mits. In a review of progress to date, the Africa
Partnership Forum has concluded: “Despite
the G8 commitment and strong support by
key African institutions...the funding of the
programme has yet to be realized.”*

Infrastructure for climate-proofing
Throughout history, communities have
attempted to protect themselves against the
vagaries of climate by building infrastructure.
Flood defence and drainage systems, reservoirs,
wellsandirrigation channelsareall examples. No
infrastructure provides immunity from climatic
forces. What infrastructural investments can
do is to provide partial protection, enabling
countries and people to manage the risks and
limit vulnerability.

Climate change has important implications
for the planning of infrastructural investments.
Rising sea levels, higher temperatures and
increased exposure to floods and storms all
affect the viability of such investments. Current
approaches to adaptation planning in many
developingcountries focus on the ‘climate-proof-
ing’ of existing investments against incremental
risk. The following examples, drawn from
National Adaptation Programmes of Action
(NAPAs), illustrate these approaches:

e Cambodia estimates that US$10 million
of investment will be required to construct
water gates and culverts for newly reha-
bilitated road networks developed without
factoring in increased risks of flooding,

e In Bangladesh, projects worth US$23

million have been identified by government

to create a coastal buffer zone in regions
vulnerable to storm surges, with an
additional US$6.5 million to counter the
effects of increasing salinity in coastal soils.
In the transport sector, the Government
estimates that raising an 800 kilometre
network of roads by between 0.5 and 1
metre to counter sea level rises will cost
US$128 million over a 25-year period.

e In Haiti the national adaptation plan
estimates that a budget of US$11 million is
needed for investment in projects to counter
water shortages and the threat of flooding
through measures to tackle soil erosion.
The project-based approach to adaptation

planning set out in NAPAs, which detail only

immediate and urgent needs, provides a limited
perspective on the scale of financing required
for effective ‘climate-proofing’. In Viet Nam,

UN agencies and the Ministry of Agriculture

and Rural Development have drawn up a

comprehensive strategy for reducing disaster

risk in the Mekong Delta. The strategy builds
on assessments of communities and ecologies
vulnerable to climate change, with adaptation
planning integrated into a wider programme
for coastal zone management. It includes invest-
ments aimed at strengthening drainage systems,
reinforcing dykes and trenches around human
settlements and agricultural areas, and support-
ing the restoration of mangrove areas. Capital
investment costs are estimated at US$1.6 billion
between 2006 and 2010 and at US$1.3 billion

from 2010 to 2020.33
Viet Nam’s strategy for disaster risk

reduction in the Mekong Delta illustrates three

important points of wider relevance in
approaches to adaptation. The first is that
effective adaptation planning in high-risk
environments requires investments that
are beyond the financing capacities of most
governments acting alone. The second is that
adaptation planning requires a long time-
horizon—in the case of the Mekongit s 15 years.

Third, adaptation planningis unlikely to succeed

if it is approached as a stand-alone exercise. In

Viet Nam, the Mckongstrategy is integrated into

the country’s national poverty reduction strategy

and medium-term expenditure framework,

Current approaches to
adaptation planning in many
developing countries focus
on the ‘climate-proofing’

of existing investments

against incremental risk
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An obvious danger is that
the adaptation needs of
marginalized communities
will be overlooked in the
face of demands from more
powerful groups with a

stronger political voice

linking it to public policies aimed at overcoming
hunger and reducing vulnerability—and to
wider partnerships with donors.

Infrastructural development can be a
cost-effective route to improved disaster risk
management. In rich countries, recognition
that disaster prevention is more cost-effective
than cure has been an important factor in
shaping government infrastructure invest-
ment. Similar cost—benefit principles apply
in the developing world. One recent global
study estimates that US$1 invested in
pre-disaster risk management activities in
developing countries can prevent US$7 in
losses.?* National research confirms this
broad cost—benefit story. In China, the
US$3 billion spent on flood defences in the
four decades up to 2000 is estimated to have
averted losses of US$12 billion.?> Evidence
from a mangrove-planting project designed to
protect coastal populations from storm surges
in Viet Nam estimated economic benefits
that were 52 times higher than costs.*

Successful adaptation planning has the
potential to avert economy-wide losses. Disaster
risk analysis in Bangladesh provides an insight
into returns to adaptation investments. Using
risk analysis methods analogous to those
deployed by the insurance industry, researchers
assessed the economic asset losses associated
with flooding risks today, in 2020 and in 2050,
under a range of plausible climate change sce-
narios. If no adaptation was assumed, the costs
associated with more extreme ‘50-year events’
amounted to 7 percent of GDP in 2050. With
adaptation they fell to around 2 percent.”’” The
differential translates into potentially large set-
backs in agricultural production, employment
and investment, with negative implications for
human development.

Consideration of distributional factors is
critical to adaptation planning. Governments
have to make tough decisions about where to
allocate limited public investment resources.
An obvious danger is that the adaptation
needs of marginalized communities will be
overlooked in the face of demands from more
powerful groups with a stronger political

voice.
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Pro-poor adaptation strategies cannot be
developed in isolation from wider policies aimed
at reducing poverty and overcoming inequality.
In Bangladesh, government and donors have
started to identify adaptation strategies that
reach some of the country’s most marginalized
people, such as those living on highly flood-
prone char islands. As in other areas, there are
strong cost—benefit grounds for undertaking
pro-poor adaptation: the estimated return
on investment in char islands is around 3:1
(box 4.1). The cost-benefit case is powerfully
reinforced by basic equity considerations: US$1
in the household income of some of Bangladesh’s
poorest people has to be attached a higher weight
than, say, US$1 saved by high-income groups.

Infrastructure for water management
can play an important role in enhancing—or
diminishing—the opportunities for human
development. Some of the world’s poorest agri-
cultural producers will face some of the toughest
climate change adaptation challenges. With
their livelihoods dependent on the timing and
duration of rainfall, temperature and water run-
off patterns, the rural poor face immediate risks
with very limited resources. This is especially
true for producers dependent on rainfed rather
than irrigated agriculture. Over 90 percent
of sub-Saharan African agriculture is in this
category. Moreover, the region has one of the
lowest rates of conversion of precipitation into
water flows, partly because of high evaporation
and partly because of the lack of an irrigation
tradition.’® Although South Asia has wider
access to irrigation, two in every three rural
people still depend on rainfed agriculture.

Agricultural producers operating in water-
stressed, rainfed environments already invest
labour in developing water harvesting systems
that conserve rainfall. As climate change
increases the risks, one of the challenges in
adaptation planning is to support these efforts.
In many countries, the development of irriga-
tion systems also has a role to play. In 2005 the
Economic Commission for Africa called for a
doubling of the arable area under irrigation by
2015. Improved access to irrigation could help
simultaneously to raise productivity and reduce
climate risks. However, proposals in this arca



must take into account the impact of future
climate change on water availability.

Beyond irrigation there are wider oppor-
tunities to develop water harvesting, especially
in countries—such as Ethiopia, Kenya and
Tanzania—with relatively abundant, but
concentrated rainfall.?® Ethiopia spans 12
major river basins and has relatively abundant
water, but one of the lowest reservoir storage
capacities in the world: 50 cubic metres per
person compared with 4,700 in Australia. In

countries lacking water storage capacity, even
increased rainfall may not enhance water avail-
ability. High levels of runoff and increased risks
of flooding are more likely outcomes.
Experience from India is instructive. Here,
as elsewhere, climate change will place addi-
tional pressures on already highly stressed water
systems. While overall rainfall is projected to
increase on average, much of the country will
receive less rain. Local communities are already

developing innovative responses to water stress.

P

River deltas in Bangladesh are on the front line of climate change.
Located in the Ganges—-Brahmaputra Delta, islands and other low-
lying delta lands—known as chars—are home to over 2.5 million
highly vulnerable people living under risk of frequent flooding. The
human development imperative to help such communities adapt
to the increased threats brought about by climate change has
long been recognized. But innovative cost-benefit exercises are
showing that it makes economic sense too.

The lives of char people are closely bound up with the flow
of rivers—and with flooding. Chars themselves undergo constant
erosion and reformation, as rivers wash away soil and deposit silt.
Entire islands are vulnerable to erosion and flooding, though people
living by unprotected river channels face special risks.

Coping capacity is limited by poverty. The riverine areas of
Bangladesh are marked by high levels of human deprivation. Over 80
percent live in extreme poverty (see table). Indicators for nutrition, child
mortality and public health are among the worst in the country. Flooding
poses a constant threat. People cope by building embankments and
ditches around agricultural lands—and by rebuilding their homes when
they are destroyed. Even minor floods cause high levels of damage.
Major events—such as the 1998 and 2004 floods—destroy agricultural
production and homes on a large scale, isolating communities from
crucial health and other public services in the process.

Government, donors and local communities have developed a
range of approaches for reducing vulnerability. Protecting homes has
been identified as a priority. Under the Chars Livelihood Programme,
one pilot project aims at ‘flood-proofing’ homesteads against floods
with a one in twenty years likelihood of occurrence (most homes are
currently vulnerable to two-year events). The objective is to construct
earth platforms to accommodate homes for four households, with
trees and grass planted as a protection against soil erosion. Hand
pumps and basic latrines are provided to secure access to clean
water and sanitation. So far, around 56,000 char people have
participated in this re-housing programme.

The benefits for those involved are revealed in reduced
exposure to flooding. But does it make economic sense to scale
up the initiative for all 2.5 million char people? Using information

Source: Dasgupta et al. 2005; DFID 2002; Tanner et al. 2007.

from local people to estimate the appropriate height for raised earth
platforms, to identify the most appropriate material for limiting soil
erosion and to project future damages under different climate
change scenarios, researchers have conducted cost-benefit
analysis to assess potential returns.

The results point to a strong economic case for investment.
Creating the 125,000 raised platforms needed to protect all char
people from 20-year floods would cost US$117 million. However,
every US$1 of this is estimated to protect US$2-3 in assets and
production that would otherwise be lost during floods. These
figures understate the wider human development benefits. Char
people are among the poorest in Bangladesh. It follows that losses
sustained during floods have highly damaging implications for their
nutrition, health and education. As shown in chapter 2, losses in
these areas can trap people in long-term cycles of destitution,
undermining lifelong opportunities and transmitting poverty
across generations. There is, therefore, an urgent need to support
in-country assessments of the costs and benefits of identified
adaptation options, and to scale up such assessments to national
budgetary planning exercises directed towards the needs of those
most vulnerable to climate change.

Human deprivation on the char islands

Bangladesh
2005 Char Island average
Extreme poverty (%) 80 23
Literacy rate (males 10 years and older, %) 29 57
Literacy rate (females 10 years and older, %) 21 46

Share of households suffering food insecurity (%)

1 month or more 95
2 months or more 84
3 months or more 24
4 months or more 9

Source: Dasgupta et al. 2005.
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Climate change provides
a strong rationale
for strengthening

social protection

safety nets for the poor

In Gujarat, where persistent drought and
problems in irrigation management have led
to the depletion of groundwater, community
initiatives have restored 10,000 check dams to
store monsoon rains and recharge groundwater.
National and state programmes are supporting
community initiatives. In Andhra Pradesh, the
Drought-Prone Areas Programme covers over
3,000 watershed areas, incorporating a wide
range of ‘drought-proofing’ measures, includ-
ing soil conservation, water harvesting and
afforestation.*°

Top-down planning, large-scale irrigation
and huge water harvesting systems are not
a panacea for the emerging risks facing
agricultural producers as a result of climate
change. The challenge is to support local
initiatives through national and subnational
strategies that mobilize resources and create
incentives. Successful adaptation is not just
about physical infrastructure. It is about where
that infrastructure is created, who controls it
and who has access to the water it conserves.

Insurance for social protection

Climate change will create incremental risks in
the lives and livelihoods of the poor. Since many
millions of poor people cannot fully manage
current climate risks with their own resources,
any adaptation strategy needs to strengthen
risk management capabilities. Empowering
people to cope with climate shocks—especially
catastrophic shocks—without suffering the
long-term setbacks analysed in chapter 2 is
a condition for sustained progress in human
development.

Prospects for successful adaptation to
climate change will be shaped by wider human
development conditions. Public policies in
areas such as health, education, employment
and ecconomic planning can enhance or
diminish the capacity for risk management.
Ultimately, the first line of public policy
defence against climate change risk is an
effective strategy for overcoming poverty
and extreme inequality. Social protection is
an integral part of any such strategy.

Programmes for social protection encom-

pass awide range of interventions. They include
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contributory schemes through which people
can pool risks (old-age pensions and unemploy-
ment insurance are examples) and tax-funded
transfers providinga variety of benefits to target
populations. One of the overarching aims is to
prevent temporary shocks from becoming a
source of long-term destitution. In the context
of climate change, social protection programmes
implemented as part of a wider adaptation strat-
egy can play a vital role in helping poor people
to manage risks and avoid long-term human
development reversals.

As we saw in chapter 2, climate shocks can
rapidly crode the entitlements of vulnerable
people through their impact on income,
nutrition, employment, health and education.
Well designed social protection measures can
protect entitlements in these areas, while at the
same time expanding opportunity. Incremental
climate change risks, and adaptation to those
risks, are not the sole motivation for an increased
emphasis on social protection. Well designed
policies in this area are critical in any national
strategy for accelerating poverty reduction,
reducing vulnerability and overcoming
marginalization. However, climate change
provides a strong rationale for strengthening
social protection safety nets for the poor,
especially in the following four areas:

e Employment programmes;
Cash transfers;
Crisis-related transfers;

e o o

Insurance related transfers.

Employment programmes. Public work
programmes can provide a measure for
protecting nutrition and health, creating
employment and generating income when
climate shocks lead to a loss of agricultural
employment or reduced food availability.
Employment-based programmes to support cash-
transfer or food-transfer schemes can also provide
alonger-term safety net. One of the best known
examples of such programmesis the Employment
Guarantee Scheme in Maharashtra, India.
The success of this programme in stabilizing
household incomes and preventing food crises
gave rise to a national campaign to secure ‘the
right to work’—and to all-India legislation. The
2005 National Rural Employment Guarantee



Act guarantees 100 days of employment at the

minimum wage rate for every rural houschold

in India.*! The costs are estimated at US$10
billion annually, or around 1 percent of GDP.%?

Even relatively small cash transfers can
make a difference. In Echiopia, the Productive
Safety Net Programme (PSNP) provides people
with transfers of up to US$4 a month in cash or
food. Designed to overcome the uncertainties
associated with annual food aid appeals, the
programme provides some 5 million people with
a predictable source of income and employment
(box 4.2). Apart from reducing vulnerability to
poor nutrition during episodes of drought, the
transfers have enabled poor houscholds to build
up their productive assets and invest in health
and education.

Cash transfers. Floods, droughts and other
climate shocks can force poor houscholds to
withdraw children from school to increase
labour supply, or to cut spending on health
and nutrition. Such coping strategies narrow
future opportunities, locking households into
low human development traps. Cash transfers
linked to clear human development goals can
weaken the transmission mechanisms that
convert risk into vulnerability. They can also
create incentives for the development of human
capabilities. Here are some examples:

e In Mexico the Oportunidades programme
targets the poorest municipalities for
transfers conditional on parents keeping their
children in school and attending periodic
health checks. In 2003 Progresa supported
4 million families at an annual cost of
US$2.2 billion. Coverage under the
programme has been found to reduce by
23 percent the probability that children aged
12-14 will leave school and enter the labour
market in the event of drought, unemploy-
ment among parents or other shocks.*?

e In Brazil a number of cash transfer
programmes have been integrated into a
single umbrella scheme—the Bolsa Familia
Programme (BFP)—which now covers
about 46 million people, around one-
quarter of the population. The BFP, which
represents a legal entitlement for eligible
houscholds, has reduced vulnerability and

supported advances in human development
across a broad front, enabling households
to manage shocks without withdrawing

children from school (box 4.3).

e Programmes in Central America have also

built resilience against shocks. Since 2000,
Nicaragua’s Red de Proteccién Social (RPS)
has provided cash transfers conditional
on children attending school and health
clinic checks. Randomized evaluation
studies have shown that the RPS has
successfully protected households from a
range of shocks, including a slump in coffee
prices. Expenditure levels in beneficiary
households stayed constant in 2001 while
a slump in coffee prices reduced income in
non-beneficiary houscholds by 22 percent.
In Honduras, there is evidence that cash
transfers have protected school attendance
and child health duringagricultural shocks
through its Programa de Asignacién
Familiar (PRAF).%4
e InZambia the Kalomo pilot project provides
US$6amonth (US$8 for those with children)
to the poorest 10 percent of houscholds,
sufficient to meet the costs of a daily meal
and preclude absolute poverty. Increased
houschold investment and improved child
nutrition and school attendance have
already been observed among beneficiaries.
Additionally, some houscholds have saved
some of the cash and have invested in seed
and small animals. The project aims to reach
over 9,000 houscholds (58,000 people) by
the end of 2007 and is being considered
for national upscaling at a projected cost of
US$16 million (0.2 percent of GDP or 1.6
percent of current aid flows) per year.%
Crisis-related transfers. Climate shocks have
the potential to lock smallholder agriculture
into downward spirals that undermine the
prospects for human development. When a
drought or a flood wipes out a crop, people
are left facing immediate nutritional threats.
But farmers are also left without the seeds, or
the cash to purchase seeds and other inputs, for
next scason’s crop. This increases the prospect
of reduced income and employment, and hence
of continuing dependence on food aid. This

Cash transfers linked to clear
human development goals
can weaken the transmission
mechanisms that convert

risk into vulnerability
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“Before this programme we could only eat twice. In the hungry
time before the harvest perhaps we would only have one meal. The
children suffered. Sometimes | could not keep them in school or pay
for medicines when they were ill. Of course life is difficult—but at
least now | have something to get us through the hard times. Now
we eat better food, | can keep my nine-year-old in school, and | am
saving to buy a calf.”

These are the words of Debre Wondimi, a 28-year-old woman
with four children living in Lay Gant woreda (district) of South
Gondar, Ethiopia. Like millions of people across the country, her
life is a struggle to cope with the lethal interaction of drought
and poverty. Today, she is a participant in Ethiopia’s Productive
Safety Net Programme (PSNP), a bold attempt to tackle the food
security threats posed by an uncertain climate. That programme
could provide important lessons for countries addressing the risk
management challenges posed by climate change.

When the rains fail in Ethiopia the well-being and even the
lives of people like Debre Wondimi and her children are put at risk.
Droughts and famines have recurred throughout the country’s
history. Since 2000 alone, there have been three major droughts,
including a devastating episode in 2002-2003. These emergencies
are superimposed on high levels of chronic deprivation. Ethiopia
ranks 169 out of the 177 countries covered by the HDI. 23 percent of
its population survives on less than US$1 a day, and nearly two in five
(38 percent) of its children are underweight for their age.

Food insecurity is thus an integral part of poverty in Ethiopia.
Traditionally, the response to food insecurity has been food aid.
Every year, donors and government have estimated the amount of
food aid needed to cover chronic deficits, topping up that amount
through emergency appeals.

The PSNP is an attempt to break with this humanitarian model.
It is an employment-based social transfer programme. Targeting
people facing predictable food insecurity as a result of poverty rather
than temporary shocks, it offers guaranteed employment for 5 days a
month in return for transfers of either food or cash—US$4 per month
for each household member. The aim is to extend
coverage from 5 million people in 2005 to 8 million by
2009. Unlike the food aid model, the PSNP is a multi-
year arrangement. Financed by government and

0 memncm s

Another distinction between the PSNP and humanitarian
food aid is in its level of ambition. The objectives include not just
smoothing household consumption by bridging production deficits,
but also protecting household assets. Cash transfers are seen as a
vehicle for building assets, increasing investment and stimulating
rural markets, as well as for preventing the distress sales that push
people into destitution.

How successful has the programme been? Independent
evaluations give grounds for optimism on several counts. There
is strong evidence that the transfers are reaching large numbers
of poor people and making a difference to their lives (see table).
The following are among the findings of a household survey on the
impacts of PSNP transfers during the programme’s first year:

e Three-quarters of households reported consuming more or
better food than in the previous year; 60 percent also reported
that they had been able to retain more of their own food to eat
rather than selling for other needs;

e Three in five beneficiaries avoided having to sell assets to buy
food—a common ‘distress’ response—with over 90 percent
attributing this directly to the PSNP;

e Almost one-half of beneficiaries stated that they used
healthcare facilities more than in the previous year; over
one-third of households enrolled more of their children in
school and almost a half kept children in school for longer;

e Around one-quarter of beneficiaries acquired new assets, with
55 percent directly attributing this to the PSNP.

The PSNP faces a number of challenges. Around 35 million of
Ethiopia’s people live below the national poverty line, suggesting
many potential beneficiaries are currently excluded. The ‘graduation’
targets—the percentage of recipients ‘passing out’ of the programme
after 3 years—may also be over-ambitious. It is not clear that the
PSNP will equip people with the assets and resources needed to
escape deprivation and poverty for good. However, the programme’s
early implementation phase does demonstrate the potential of well
targeted interventions to support household coping strategies.

The human impact of safety nets

R e Beneficiar: Households directly attributin
donors it will operate for 5 years, shifting the mode of . J y !
¢ di i d Outcome of productive safety net households outcome to PSNP

support avyay rom sporadic emergency aid towards programme (PSNP) (%) (% of beneficiary households )
more pref:ilcta‘k‘)le‘resource transfers.. Food Consumed more or better food than last year 74.8 93.5

Predictability is one of the foundations of the PSNP. security Retained food production for consumption 62.4 89.7
The progr‘am.me was prompted partly by concer‘ns Asset Avoided having to sell assets to buy food 62.0 91.3
in the Ethiopian Government and donor community  protection  Avoided having to use savings to buy food 35.6 89.7
that emergency appeals were regularly falling short of Access to  Used healthcare facilities more than last year 46.1 75.9
their targets, or providing late and erratic support. For  services  Kept children in school longer than last year 49.7 86.5
poor households, delayed support during a prolonged  pgget Acquired new household assets 23.4 5513
drought can have devastating consequences in both  creation  Acquired new skills or knowledge 28.6 85.5

the short and longer term. In 1983-1984 it led to the
death of thousands of vulnerable people.

Source: Devereux et al 2006.

Source: Devereux et al. 2006; Government of the Federal Republic of Ethiopia 2006; Menon 2007b; Sharp, Brown and Teshome 2006; Slater et al. 2006.
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self-reinforcing downward spiral can be broken,

or at least weakened, through the transfer of a

range of productive inputs, for example:

o In Malawi, the subsidized transfer of a
‘productive package’ of seeds and fertilizers
played an important role in facilitating
recovery from the 2005 drought (box 4.4).

o Following a severe drought in the Gao
region of Mali in 2005-2006, the

In Kenya, drought in pastoral areas is
associated with the ‘distress sale’ of livestock
as animal feed supplies decline—a coping
strategy that pushes livestock prices down
just as food grain prices are rising. An
innovative government programme has
provided transport subsidies to traders,
enabling them to move their animals to
markets outside drought areas, effectively

international NGO Oxfam initiated putting a floor under prices.

47

a combined cash and credit work Insurance-related transfers. Coping with

programme, acting through local climateriskisan intrinsic partoflife, especially

government and community-based for poor rural households. Formal insurance

organizations. People were employed in  markets play a limited role in mitigating that

creating small-scale water conservation risk. The barriers to market development are

structures, with half their income paid in ~ well-known. In any functioning insurance

cash and the other half as credit for the market, the price of premiums rises with risk.

purchase of essential items, such as seeds, For poor houscholds in high-risk marginal

other inputs, livestock and schooling.46 areas, insurance premiums are likely to prove

(P ———————

Conditional cash transfers (CCTs) can play an important role in breaking
the link between risk and vulnerability. By setting minimum guaranteed
levels for income and wider entitlements to health, education and
nutrition, CCTs can empower poor people by creating a legal basis for
their entitlements. Brazil’s Bolsa Familia programme (BFP), one of the
world’s largest CCT schemes, demonstrates what is possible.

Developed initially to deter child labour during crises, Brazil's
CCT was dramatically scaled up between 2001 and 2003. The
original Bolsa Escola programme (a financial transfer contingent
on parents keeping their children in school) was supplemented by
three additional programmes. Bolsa Alimentacdo was designed
as a cash or food transfer to reduce malnutrition among poor
households. Auxilio Gas was a compensatory measure for poor
households following the phasing out of cooking gas subsidies, and
Fome Zero was introduced in 2003 in order to combat the worst
forms of hunger in Brazil. Starting in 2003, efforts to consolidate
these various CCTs into a single umbrella programme—the
BFP—intensified.

Beneficiaries of the BFP are selected through various targeting
methods, including geographic and household assessments based
on per capita income. In 2006, eligibility requirements were set at
monthly household income levels of Cr$60 (US$28) and Cr$120
(US$55) respectively for poor and moderately poor families.

As of June 2006, the BFP covered 11.1 million families or about
46 million people—a quarter of Brazil’s population and almost all
of its poor. Total projected costs are estimated at US$4 billion, or
0.5 percent of Brazilian GDP. This is a modest transfer that has
produced impressive outcomes. Among the results:

Source: de Janvry et al. 2006c¢; Lindert et al. 2007; Vakis 2006.

e The programme reaches 100 percent of families living below
the official poverty threshold of Cr$120 per month; 73 percent
of all transfers go to the poorest families and 94 percent reach
families living in the bottom two quintiles.

e BFP accounts for almost one-quarter of Brazil’s recent
precipitous drop in inequality and 16 percent of its decline in
extreme poverty.

e BFP is also improving school enrolment rates. Studies have
found that 60 percent of poor children aged 10-15 years
currently not in school are expected to enrol in response to
BFP and its predecessor. Drop-out rates have been reduced
by around 8 percent.

e Some of the most pronounced impacts of the BFP have been
on nutrition. The incidence of malnutrition among children
aged 6-11 months was found to be 60 percent lower in poor
households covered by the nutrition programme.

e Administration of the BFP has supported gender empowerment,
with women established as beneficiaries with legal
entitlements.

Each country faces different financial, institutional and political
constraints in tackling vulnerability. One of the reasons why the
BFP has worked in Brazil is that it has been implemented through
a decentralized political system but with strong federal support
in terms of setting rules, building capacity and holding providers
to account. The Brazil case, like others cited in this chapter,
demonstrates the potential for CCTs not only to reduce vulnerability
but to go beyond this, enabling poor people to claim entitlements
that facilitate human development breakthroughs.
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One of the ways in which climate shocks create cycles of
disadvantage is through their impact on agricultural production.
When a drought or flood destroys a harvest, the resulting loss of
income and assets can leave households unable to afford the seed,
fertilizer and other inputs needed to restore production the following
year. Well framed public policy interventions can break the cycle, as
demonstrated by recent experience in Malawi.

The 2005 maize harvest in Malawi was one of the worst on
record. Following successive droughts and floods, production fell
from 1.6 million tonnes in the previous year to 1.2 million tonnes—a
decline of 29 percent. Over 5 million people faced food shortages.
With rural incomes in free fall, households lacked the resources to
invest in inputs for the 2006 cropping season, raising the spectre
of a famine on the scale of that experienced in 2002.

Supported by a group of donors, the Government of Malawi put
in place a strategy for getting productive inputs into the hands of
small-scale farmers. Around 311,000 tonnes of fertilizer and 11,000
tonnes of maize seed were sold at subsidized prices. Over 2 million
households purchased fertilizer at US$7 for 50 kg—less than one-
third of the world price. For distribution, the government used
private sector outlets as well as state agencies, enabling farmers
to choose their source of supply.

Source: Denning and Sachs 2007; DFID 2007.

[ Pe—————

Subsequent harvests showed that this productive inputs
programme was a moderate success. Good rains and an
increase in the area planted to improved crop varieties
raised productivity and overall output. It is estimated that the
programme generated an additional 600,000-700,000 tonnes of
maize in 2007, independent of rainfall variation. The value of this
extra production has been estimated at between US$100 million
and US$160 million, compared with the US$70 million cost of
the programme. The Malawian economy has also benefited from
a reduction in food import requirements. And the increased
production has generated household income and employment
opportunities.

The productive inputs programme is not a stand-alone strategy
for human development. Nor is it a panacea for rural poverty.
Far more needs to be done to strengthen the accountability of
government, tackle deep-seated inequalities and increase the
level of investment in basic service provision for the poor. The
programme will have to be retained for several years if it is to break
the cycle of low productivity that afflicts Malawian agriculture.
Nevertheless, the country’s experience underlines the role that
public policies can play in reducing vulnerability to climate risk by
creating an enabling environment for poverty reduction.

unaffordable. Risk pooling and insurance
arrangements also suffer from a range of
agency problems. The verification of loss,
especially in remote rural areas, and the cre-
ation of perverse incentives (such as declaring
a loss rather than harvesting if crop prices
are low) are two examples. To some degree,
these problems can be addressed through
weather-indexing (box 4.5). Public policies
can also help vulnerable people create and
manage their own schemes for coping with
potentially catastrophic risks. When the
2001 Gujarat carthquake hit India, only
2 percent of those affected had insurance.
Low insurance coverage increased vulner-
ability and hindered economic recovery.
One positive outcome was the creation of
a micro-insurance scheme for the poor
supported by NGOs and the business
community. The Afat Vimo scheme under
the Regional Risk Transfer Initiative now
covers 5,000 low-income families against 19
different types of disasters, with premiums
of around US$5 a year. This exercise demon-
strates the potential for risk-spreading across
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geographic locations even in areas marked by
high levels of poverty and vulnerability.*3

Institutions for disaster risk management
Disaster risk management is an integral
part of adaptation planning. Exposure to
risk is a function not only of past human
development but also of current public policy
and institutional capacity. Not every flood
or storm produces a climate disaster—and
the same event can produce very different
outcomes in different countries.

In 2004, the Dominican Republic and
Haiti were simultancously struck by Hurricane
Jeanne. In the Dominican Republic, some
2 million people were affected and a major
town was almost destroyed, but there were
just 23 deaths and recovery was relatively
swift. In Haiti, over 2,000 people were killed
in the town of Gonaives alone. And tens of
thousands were left trapped in a downward
spiral of poverty.

The contrasting impacts were not the
product of meteorology. In Haiti, a cycle of
poverty and environmental destruction has



O i

Can farm insurance schemes be scaled up as part of an integrated
strategy for climate change adaptation and human development?
Climate change has given an impetus to a range of initiatives aimed
at extending access to micro-insurance and weather derivatives
in the developing world. But there are difficulties in developing
schemes that are accessible to the poor.

Attempts to expand market-based insurance have met with
some success. In the Caribbean, for example, the Windward
Island’s Crop Insurance Programme has covered around 20 percent
of the losses experienced by its members—caused by some 267
storm events between 1998 and 2004 alone—providing a safety net
sufficient to get growers back on their feet.

However, as climate change increases the frequency and
severity of droughts it will drive up the costs of insurance, pricing
the most vulnerable people out of the market. The fact that the
most vulnerable households are often poor precisely because they
operate in high-risk environments adds to the problem, because
insurance providers will attach a risk premium to proposals from
people living in such environments.

A further problem is that the commonest form of farm
insurance—traditional crop insurance—can create perverse
incentives, including the incentive to let crops fail during periods of
low prices. Weather-indexing can address this problem. In India, the
Comprehensive Crop Insurance Scheme (CCI) insures farmers who
use official credit systems, charging a small premium and using
weather-indexes (rather than farm production) to determine claims.

Premium holders are paid in response to ‘trigger events’ such as
delayed monsoons or abnormal rainfall. However, India’s CClI
currently has only 25,000 members, mainly wealthier producers.

The participation of small-scale-farmers’ groups in the
design of insurance packages and the provision of collateral
through ‘social capital’ have produced some promising results.
In Malawi, the World Bank and other donors have developed an
insurance programme involving private sector companies and the
National Smallholder Farmers Association. The programme offers
insurance for groundnut and maize, with payments triggered when
rainfall falls below a specified threshold determined by records
at meteorological stations. This ‘drought index insurance’ is
provided as part of an input loans package to groups of 20-30
farmers, with payouts triggered if there is insufficient rain during
the planting season (a ‘no-sow’ provision) or during three key
periods for crop development. The scheme has been successful
in its first 2 years, motivating farmers to take the risk of using
inputs to raise yields, but its spread is limited by Malawi’s sparse
network of meteorological stations.

The World Bank and a number of donors are exploring
mechanisms for scaling up schemes of this kind, with additional
pilot programmes in Ethiopia, Morocco, Nicaragua and Tunisia.
While there is undoubtedly scope for enhanced insurance coverage
using weather-indexing, there are limits to what private insurance
markets can achieve for large vulnerable populations facing
covariate risks linked to climate change.

Source: DFID 2004; IRI 2007; Mechler, Linnerooth-Bayer and Peppiatt 2006; Mosley 2000; World Bank 2006f.

denuded hillsides of trees and left millions
of people in vulnerable slums. Governance
problems, low levels of finance and a limited
disaster response capacity left public agencies
unable to initiate rescue and recovery
operations on the scale required. In the
Dominican Republic, national laws have
limited deforestation and the civil defence
force has a staft 10 times larger than its
counterpart in Haiti to cater for a population
of similar size.?’

Institutional and infrastructural capacity for
disaster risk management is not automatically
linked to national wealth. Some countries have
demonstrated that much can be achieved even at
low levels of average income. Mozambique used
the chastening experience of the 2000 floods
to strengthen institutional capacity in disaster
management, putting in place more effective
carly warning and response systems (box 4.6).
Cuba provides another striking example of a

country that has successfully built infrastruc-
ture that protects lives. Located at the centre of
one of the world’s most extreme tropical cyclone
zones, the island is hit by several major storms
every year. These cause extensive damage to
property. However, loss of life and long-term
development impacts are limited. The reason:
an effective early warning system and a highly
developed civil defense infrastructure based
on community mobilization. Local authorities
play a vital role in relaying early warning infor-
mation and working with communities at risk.
When Hurricane Wilma, then the most intense
hurricane ever recorded in the Atlantic Basin,
hit the island in 2005, over 640,000 people were
evacuated—and there was just one fatality.>’
Simple comparisons across countries
provide only a crude indicator of the
effectiveness of disaster risk management
measures. The impact of storms and floods
is conditioned not just by their intensity, but
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Countries cannot escape from the accidents of geography that
put them in harm’s way and increase their exposure to climate
risks. What they can do is reduce these risks through policies and
institutions that minimize impacts and maximize resilience. The
experience of Mozambique powerfully demonstrates that public
policies can make a difference.

One of the poorest countries in the world, Mozambique is ranked
172 out of 177 on the HDI and has more than one-third of its people
living on less than US$1 a day. Progress in human development has
gathered pace over the past decade, but extreme climate events
are a constant source of vulnerability. Tropical cyclones that gather
in the Indian Ocean are a major cause of storms and flooding. The
flooding is aggravated by the fact that Mozambique straddles the
lowland basins of nine major rivers—including the Limpopo and
Zambezi—that drain vast areas of south-eastern Africa before
crossing the country on their way to the ocean.

In 2000 Mozambique was hit on two fronts. Heavy rains at
the end of 1999 swelled river systems to near record levels. Then,
in February 2000, cyclone Eline made landfall, causing extensive
flooding in the centre and south of the country. Another cyclone—
Gloria—arrived in March to make a bad situation worse. Emergency
services were overwhelmed and donors were slow to respond. At
least 700 people died and 650,000 people were displaced.

During 2007 Mozambique was revisited by a similar climate
event. A powerful cyclone, accompanied by high rains, destroyed
227,000 hectares of cropland and affected almost half a million

00 e

people in the Zambezi basin. Yet on this occasion ‘only’ 80 people
died and recovery was more rapid. What made the difference?

The experience of the 2000 flood gave rise to intensive dialogue
within Mozambique and between Mozambique and its aid donors.
Detailed flood risk analysis was carried out across the country’s
river basins, identifying 40 districts with a population of 5.7 million
that were highly vulnerable to flooding. Community-based disaster
risk management strategies and disaster simulation exercises
were conducted in a number of high-risk basins. Meanwhile, the
meteorological network was strengthened: in flood-prone Sofala
province, for example, the number of stations was increased from
6 to 14. In addition, Mozambique has developed a tropical cyclone
early warning system.

Mozambique’s policymakers also recognized the importance
of the mass media in disaster preparedness. Radio is particularly
important. The local language network of Radio Mozambique
now provides regular updates on climate risks, communicating
information from the National Institute of Meteorology. During
2007, early warning systems and the media enabled government
and local communities to identify the most at-risk areas in advance.
Mass evacuations were carried out in the most threatened low-
lying districts. Elsewhere, emergency food supplies and medical
equipment were put in place before the floods arrived.

While much remains to be done, Mozambique’s experience
demonstrates how countries can learn to live with the threat of
floods, reducing vulnerability in at-risk communities.

Source: Bambaige 2007; Chhibber and Laajaj 2006; IRl 2007; World Bank 2005b; WFP 2007.

by the topography and pattern of human
settlements in the countries that they strike.
Even with this caveat, cross-country data
say something important: well-developed
risk management institutions work. Average
income in Cuba is lower than in the Dominican
Republic—a country that faces comparable
climate risks. Yet in the decade to 2005 the
international disasters database records that
Cuba had around 10 times as many people
affected by disaster but less than one-seventh

of the deaths.>! Much of the difference can be
traced to Cuba’s highly developed infrastructure
and policies for managing climate risks. With
tropical storms set to increase in intensity, there
is considerable scope for cross-country learning
from best practices in climate-related disaster
risk management. The conclusion: considerable
benefits can be gained from awareness-raising
and institutional organization—measures
that do not have to entail high capital
investment.

4.2 International cooperation on climate

change adaptation

The UNFCCC sets out a bold agenda for
action on adaptation. It calls for international
cooperation to prepare for the impacts of climate
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change in areas that range from agriculture,
through coastal defence management, to
lowland cities at risk of flooding. Under this



broad umbrella, rich countries are required
to support developing countries that are
particularly vulnerable to the adverse effects of
climate change, building their adaptive capacity
and providing financial assistance.”

Northern governments have not honoured
the spirit of the UNFCCC commitment. While
investing heavily in adaptation at home they
have failed to support parallel investments in
developing countries. Increasingly, the world is
divided between countries that are developing
a capacity to adapt to climate change, and those
that are not.

Inequalities in climate change adaptation
cannot be viewed in isolation. They will
interact with wider inequalities in income,
health, education and basic human security.
At any given level of climate change risk,
countries with the most limited adaptation
capacity will suffer the most adverse impacts
on human development and economic growth.
The danger is that inequalities in adaptation
will reinforce wider drivers of marginalization,
holding back efforts to forge a more inclusive
model of globalization.

Enhanced international cooperation cannot
guarantee effective adaptation or substitute
for national political leadership. What it can
do is help create an environment that enables
developing countries to act and empowers
vulnerable people, building the resilience needed
to prevent increased risk from translating into

greater vulnerability.
The case for international action

Why should the world s richest countries support
the efforts of its poorest countries to adapt to
climate change? The human development case
for urgent international action is rooted in the
ethical, social and economic implications of our
ecological interdependence. Four considerations

merit special emphasis.

Shared values

‘Think of the poorest person you have ever
seen,” said Gandhi, ‘and ask if your next act
will be of any use to him.” That injunction

captures a basic idea: namely, that the true

cthical test of any community lies not in its
wealth but in how it treats its most vulnerable
members. Turning a blind eye to the
adaptation needs of the world’s poor would
not meet the criterion for ethical behaviour
set by Gandhi, or any other ethical criteria.
Whatever the motivation for action—a
concern for the environment, religious values,
secular humanism or human rights—action
on climate change adaptation by developed
countries is an ethical imperative.

The Millennium Development Goals

The MDGs have galvanized unprecedented
efforts to address the needs of the world’s
poorest people. The time-bound targets
for 2015—ranging from halving extreme
poverty and hunger to providing universal
education, cutting child deaths and promoting
greater gender equity—have been embraced
by governments, civil society and major
development institutions. While the MDGs
are not a complete human development agenda,
they reflect a sense of urgency and define a set of
shared priorities. With climate change already
impacting on the lives of the poor, enhanced
adaptation is a requirement for supporting
progress to the 2015 targets. In the world
beyond 2015, climate change will act as a brake
on human development, holding back or even
reversing human progress until mitigation starts
to take effect. Scaling up adaptation to counter
that threat should be seen as a part of the post-
2015 strategy for building on the achievements
of the MDG process. Failure to act on
adaptation would rapidly erode what will have
been achieved by then. It would be inconsistent
with a commitment to the MDGs.

Common interest

While the most immediate victims of climate
change and failed adaptation will be the world’s
poor, the fall-out will not respect the neat
divides of national borders. Climate change
has the potential to create humanitarian
disasters, ecological collapse and economic
dislocation on a far greater scale than we see
today. Rich countries will not be immune
to the consequences. Mass environmental

The human development
case for urgent international
action is rooted in the
ethical, social and economic
implications of our ecological

interdependence
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The starting point is that
donors have to deliver

on past commitments

displacement, the loss of livelihoods, rising
hunger and water shortages have the potential
to unleash national, regional and global security
threats. Already fragile states could collapse
under the weight of growing poverty and social
tensions. Pressures to migrate will intensify.
Conflicts over water could become more severe
and widespread.

In an interdependent world, climate
change impacts will inevitably flow across
national borders. Meanwhile, if the countries
that carry primary responsibility for the
problem are perceived to turn a blind-eye to the
consequences, the resentment and anger that
will surely follow could foster the conditions
for political extremism.

Responsibility and liability

Historic responsibility for climate change and
continuing high current per capita emissions of
CO, raise important questions for the citizens of
rich countries. The principle of protection from
harm by others is enshrined in the legal codes of
almostall countries. One clear example issmoking.
In 1998, Attorneys General representing five
American states and eighteen cities prosecuted
a group of tobacco companies in a class action
lawsuit for causing a range of diseases. Punitive
damages of US$206 billion were awarded, along
with legal injunctions to change marketing
behaviour.”®> Harm to the environment is also
subject to the force of law. In 1989 the ship Exxon
Valdez ran aground in Alaska, pouring42 million
litres of oil into a wilderness area of outstanding
environmental importance. The United States
National Transportation Safety Board claimed
that negligence had contributed, leading to legal
action that resulted in criminal damage and
civil lawsuits worth over US$2 billion.3* More
widely, when factories pollute rivers or the air,
the ‘polluter pays’ principle is applied to cover
the costs of cleaning up. If the environmental
damages generated by climate change were neatly
contained within one legal jurisdiction, those
who had created the damage would be faced with
alegal obligation to compensate the victims. That
would place an obligation on rich countries not
just to stop harmful practices (mitigation) but to

compensate for damage (adaptation).
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Current adaptation financing—
too little, too late, too fragmented

International cooperation on adaptation can
be thought of as an insurance mechanism for
the world’s poor. Climate change mitigation
will make a small difference to the human
development prospects of vulnerable populations
in the first half of the 21** Century—but a
big difference in the second half. Conversely,
adaptation policies can make a big difference
over the next 50 years—and they will remain
thereafter. For

important governments

concerned with achieving progress towards
the MDGs over the next decade, and building
on that progress afterwards, adaptation is the
only option for limiting the damage caused by
existing climate change.

National governments in developing coun-
tries have primary responsibility for developing
the strategies needed to build resilience against
climate change. Nonetheless, successful adapta-
tion will require coordinated action on many
fronts. Aid donors and development agencies
will have to work with national governments to
integrate adaptation into wider poverty reduc-
tion strategies and planning processes. Given that
many of the most affected countries are among
the poorest, international aid has a pivotal role to
play in creating the conditions for adaptation.

Delivering on commitments

The starting point is that donors have to deliver
on past commitments. Recent years have
witnessed a remarkable change in the provision
of aid. During the 1990s, development
assistance flows went into steep decline, holding
back global poverty reduction efforts. The 2000
UN Millennium Summit, then the largest
gathering of world leaders in history, marked a
turning point. It resulted in an unprecedented
commitment to achieving shared goals—the
MDGs—through a partnership between
rich and poor countries. Commitments made
at Monterrey in 2002, by the European Union
in 2005 and by the G8 at Glencagles backed
that partnership with commitments on aid.
The Monterrey Consensus reaffirmed a long-
standing development assistance target of



0.7 percent of Gross National Income (GNI)
for rich countries. Commitments made by the
European Union and G8 in 2005 included
a pledge to double aid flows by 2010—a
US$50 billion increase, with around one-half
earmarked for Africa. These are resources that
could help countries meet the challenge of
scaling up adaptation efforts.

Early signs on delivery are not encouraging.
International aid has been increasing since the
late 1990s. However, in 2006, development
assistance fell by 5 percent—the first recorded
fall since 1997. This figure partially exaggerates
the decline because of exceptional debt relief
provided for Iraq and Nigeria in 2005. But
even excluding these operations, aid levels fell
by 2 percent.> Headline numbers on aid also
obscure some wider concerns. For example,
much of the increase since 2004 can be traced
to debt relief and humanitarian aid. Debt relief
inflates the figure for real resource transfers for
reasons of financial accounting; aid data record

reductions in debt stock as increased aid flows.
Humanitarian aid is heavily concentrated and—
by definition—geared towards disaster response
rather than long-term development.

Analysis by the OECD has raised important
questions as to whether, on current trends, aid
donors can meet their own commitments.
Discounting debt reduction and humanitarian
aid, the rate of increase will have to triple over
the next four years if the 2005 commitment to
double aid by 2010 is to be met (figure 4.3).° Of
special concern is the stagnation since 2002 in
aid flows for core development programmes in
sub-Saharan Africa (figure 4.4). These trends are
not compatible with the financing requirements
for adaptation to climate change.

Limited delivery through dedicated
adaptation mechanisms

In stark contrast to adaptation planning in
developed countries, the multilateral aid
response to adaptation financing in developing

The changing climate is changing our world for all times to come
and for the worse—much worse. This much we know.

What we must now learn is how we can ‘cope’ with this changing
climate and how indeed we can (and must) avert catastrophe by
reducing our emissions. The fact is that even with the change
in global temperature we’ve seen so far—some 0.7°C from the
mid-1800s to now—we are beginning to see devastation all around
us. We know that we are witnessing an increase in extreme weather
events. We know that floods have ravaged millions across Asia;
that cyclones and typhoons have destroyed entire settlements in
coastal areas; that heatwaves have killed people even in the rich
world. The list goes on.

But what we must remember is that this is limited damage. That
we are living on borrowed time. If this is the level of devastation with
just that seemingly small rise in temperature, then think what will
happen when the world warms up another 0.7°C, which scientists
now tell us is inevitable—the result of emissions we have already
pumped into the atmosphere. Then think what happens if we are
even more climate-irresponsible and temperatures increase, as
predicted in all business-as-usual models, by 5°C. Just think: this
is the difference in temperature between the last ice age and the
world we know now. Think and act.

It is now clear that coping with changing climate is not new
rocket science. It is about doing development. The poor already
live on the margins of subsistence. Their ability to withstand the

next drought, the next flood or the next natural disaster is already
stretched to the limits. Adaptation is about investment in everything
that will make societies, particularly the poorest and most climate-
vulnerable, more resilient. Adaptation is about development for all.
But it needs much more investment and much more speed.

This is one part of what is needed. The other, more difficult,
is to reduce our current emissions, and drastically. There is no
other truth. We also know emissions are linked to growth and that
growth is linked to lifestyles. Because of this our efforts to reduce
emissions have been high on rhetoric and low on action. This will
have to change.

It will have to change even as we learn another truth: we live
on one planet Earth and to live together we will have to share its
resources. The fact is that even as the rich world must reduce its
carbon footprint, the poor world must get ecological space to
increase its wealth. It is about the right to development.

The only question is can we learn new ways to build wealth and
well-being? The only answer is we have no choice.

0oop b

—

Sunita Narain
Director Centre for Science and Environment
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countries has been slow to take off. Indeed, the
response has been characterized by chronic
underfinancing, fragmentation and weak
leadership. To make matters worse, international
cooperation on adaptation has not been
developed as part of the wider international
aid partnership on poverty reduction. The end
result is that multilateral financing mechanisms
are delivering small flows of finance with high
transaction costs, yielding very limited results.
Multilateral mechanisms for adaptation
have been developed under a range of initiatives
(table 4.1). Two UNFCCC funds—the Least
Developed Country Fund (LDCF) and the
Special Climate Change Fund (SCCF)—have

- Core aid to sub-Saharan Africa is flat

Net official development assistance (ODA) (2005 US$ billion)

Development projects, programmes and technical cooperation
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2000 2001 2002

Source: Gurria and Manning 2007.
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been established under the auspices of the GEF.

Both are financed through voluntary pledges

by donors. In 2004, another mechanism, the

Strategic Priority on Adaptation (SPA), was

created to fund pilot projects from GEF’s

own resources over a 3-year period. The
stated objective of the GEF funds is to reduce
countries’ vulnerability by supporting projects
that enhance adaptive capacity. With the entry
into force of the Kyoto Protocol in 2005, another
potential source of financing was created in the
form of the Adaptation Fund—a facility to be
funded through Clean Development Mechanism

(CDM) transactions (see chapter 3).

The record of delivery to date is not impres-
sive. It can be summarized as follows:

o TheLeast Developed Country Fund. Created in
2001, the LDCEF to date has received pledges
from 17 donors amounting to just under
US$157 million. Less than one-half of this
amount has been delivered to GEF accounts.
Actual spending in terms of delivery through
projects amounts to US$9.8 million.’” The
most tangible output of the LDCF to date
hasbeen 20 completed NAPAs. Many of these
plans include useful analytical work, providing
important insights on priorities. However,
they suffer from two basic shortcomings.
First, they provide a very limited response to
the adaptation challenge, focussing primarily
on ‘climate-proofing’ through small-scale
projects: the average country financing
proposal generated in the plans amounts to
US$24 million.>® Second, the NAPAs have,
in most countries, been developed outside
the institutional framework for national
planning on poverty reduction. The upshot is
a project-based response that fails to integrate
adaptation planning into the development of
wider policies for overcoming vulnerability
and marginalization (box 4.7).

o The Special Climate Change Fund.
Operational since 2005, the SCCF has
received pledges of US$67.3 million, of which
US$56.7 million is specifically earmarked
for adaptation.’” The SCCF was created to
address the special long-term adaptation
needs of developing countries, with a remit
covering health, agriculture, water and



vulnerable ecosystems. Actual spending
under projects to date amounts to US$1.4
million.®

The Strategic Priority on Adaptation. This
became operational in 2004. It carmarks
US$50 million over a 3-year period for pilot

the range of US$160-950 million by
2012, depending on trade volumes and
prices.®> However, the Adaptation Fund
has yet to support any activities because of
disagreements over governance.

To reduce a complex story to a simple

projects in a wide range of areas, notably
ecosystem management. To date, US$28
million has been committed, of which
US$14.8 million has been disbursed.®!

The Adaptation Fund. This was created to
support “concrete activities”, to be financed
through a 2 percent levy on credits generated
through CDM projects. If implemented,

the levy could generate a total income in

National Adaptation Programmes of Action (NAPAs) are among the
few tangible products of multilateral cooperation on adaptation.
Funded through the GEF’s Least Developed Countries (LDC) Fund,
NAPAs are intended to identify urgent and immediate needs while
at the same time developing a framework for bringing adaptation
into the mainstream of national planning. Have they succeeded?

On balance the answer to that question is ‘no’. Twenty NAPAs

have been produced to date. While many include excellent
analytical work, the overall exercise suffers from four inter-related
shortcomings:

Inadequate financing. Under the LDC Fund each country is
initially allocated up to US$200,000 to fund the formulation of
a NAPA. That figure represents a small fraction of what some
districts and cities in Europe have spent on analytical risk and
vulnerability assessments. Financial constraints have limited
the scope of governments to consult with at-risk communities
or conduct national research.

Underestimation of adaptation costs. While NAPAs are not
intended as stand-alone exercises, their financing provisions are
unrealistically low. The proposed average financing envelope
for the first 16 NAPAs is US$24 million, stretched over a budget
cycle of 3-5 years. Countries in an advanced state of project
preparation under the LDC Fund will receive an average of
US$3-3.5 million each to start implementing the first priorities
identified by their NAPAs. Even for countries at the higher end
of this range, the headline figures are difficult to square with
the urgent and immediate needs facing poor households. For
example, the US$74 million proposed for Bangladesh and the
US$128 million for Cambodia fall far short of requirements.
Project-based bias. Most NAPAs focus entirely on small-scale,
project-based interventions to be cofinanced by donors. For
example, Niger identifies 14 projects in areas such as watershed
management and livestock fodder development. Bangladesh

balance sheet, the record is as follows. By
mid-2007, actual mulcilateral financing
delivered under the broad umbrella of initiatives
set up under the UNFCCC had reached a total
of US$26 million. This is equivalent to one
week’s worth of spending on flood defence in
the United Kingdom. Looking to the future,
total committed financing for adaptation
through dedicated multilateral funds amounts

P ———————————

identifies a range of projects for coastal defence. While well
designed projects are necessary to address the urgent needs
of the most vulnerable, they cannot provide the basis for an
effective adaptation strategy. As in other areas of aid, project-
based support tends to come with high transaction costs,
with an in-built bias towards donor preferences and priorities.
Effective adaptation planning has to be developed through
national programmes and national budgets, with governments
setting the priorities through political structures that are
responsive to the needs of those most affected. There is little
evidence to suggest that this has been achieved on anything
like the necessary scale.

Weak links to human development. Some NAPAs provide
important insights into the impact of emerging climate change
risks on vulnerable groups. However, they do not provide a
basis for integrating adaptation into national poverty reduction
strategies. The focus is almost entirely on ‘climate-proofing’,
to the exclusion of social protection and wider strategies
for empowering poor households. The political disconnect
between adaptation planning and poverty-reduction planning
is evident in Poverty Reduction Strategy Papers (PRSPs),
the documents that set out national development goals and
priorities supported through aid partnerships. In a review of 19
PRSPs carried out for this report most identified climate events
and weather variability as important drivers of poverty and
constraints on human development. Yet only four countries—
Bangladesh, India, Malawi and Yemen—identified specific links
between climate change and future vulnerability. In many cases,
adaptation planning is happening on an entirely separate track
from poverty-reduction planning. For example, Mauritania did
not include the findings of its 2004 NAPA in its 2006 PRSP—an
outcome suggesting that climate change adaptation does not
figure prominently in defining aid partnership priorities.

Source: Government of the People’s Republic of Bangladesh 2005b; Matus Kramer 2007; Reid and Huqg 2007; Republic of Niger 2006; Royal Government of
Cambodia 2006.
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toatotal of US$279 million. These funds will be
disbursed over several years. Contrasts with the
adaptation effort in rich countries are striking,
The German state of Baden-Wiirtemberg is
planning to spend more than twice as much
as the entire multilateral adaptation effort on
strengthening flood defences. Meanwhile, the
Venice Mose plan, which aims to protect the
city against rising sea levels, will spend US$3.8
billion over five years (figure 4.5).%3

The concern of rich countries to invest
in their own climate change adaptation is,
of course, entirely legitimate. The sustained
and chronic under-financing of adaptation
in developing countries is less legitimate, not
least given the role of rich countries in creating
climate change risks.

Aid portfolios under threat

Have other donors compensated for the
shortfall in aid delivery through dedicated
climate change adaptation funds? There are
problems in assessing the wider aid effort, not
least because there is no common definition of
what represents an adaptation activity. However,
detailed analysis suggests that the integration of
adaptation planninginto aid policies remains at
an carly stage.

Bilateral and multilateral donors are
gradually increasing support for adaptation,
from a low base. One review of 10 bilateral
agencies accounting for almost two-thirds of
international development assistance attempted
to identify projects in which climate change
adaptation was an explicit consideration. It
documented total commitments of US$94

The multilateral adaptation financing account

Total pledged

Total received Total disbursed (less fees)

Adaptation fund (US$ million) (US$ million) (US$ million)
Least Developed Countries Fund 156.7 521 9.8
Special Climate Change Fund 67.3 53.3 14
Adaptation Fund 5} 5] =
Sub-total 229 110.4 1.2
Strategic Priority on Adaptation 50 50 1482
Total 279 160.4 26

a. Includes fees.
Note: data are as of 30th April 2007.

Source: GEF 2007a, 2007b, 2007c.
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million over a S5-year period from 2001
to 2005—Iless than 0.2 percent of average
development assistance flows.®* Of course, this
figure captures only what has happened in the
past. There are signs that donors are starting
to respond to climate change adaptation
needs. Between 2005 and 2007 the World
Bank’s adaptation-related activity increased
from around 10 to 40 projects, for example.®
However, planning and financing for climate
change adaptation remain marginal activities
in most donor agencies.

Failure to change this picture will have con-
sequences not just for poverty and vulnerability
in developing countries but also for aid effec-
tiveness. While most donors have been slow to
respond to the challenge of adaptation, their aid
programmes will be directly affected by climate
change. Rural development programmes, to take
an obvious example, will not be immune to the
consequences of changed rainfall patterns. An
increase in the frequency of droughts in sub-
Saharan Africa will impact very directly on
programmes for health, nutrition and education.
And an increase in the severity and frequency of
storms and flooding will compromise aid pro-
grammes in many areas. Media images of schools
and health clinics being swept away during the
2007 floods in Bangladesh graphically capture
the way in which social sector investments can
be compromised by climate-related disasters.

Across the developing world large amounts
of aid investment are tied up in projects and
programmes that are vulnerable to climate
change. The OECD’s Development Assistance
Committee (DAC) has developed a framework
for identifying aid activities that are sensitive to
climate change. It has applied that framework to
a number of developing countries. In the cases
of Bangladesh and Nepal the DAC estimates
that over one-half of all aid is concentrated in
activities that will be negatively affected by
climate change.®

Using the DAC’s reporting system, we have
developed an ‘aid-sensitivity” analysis for donor
portfoliosaveraged across the period 2001-2005.
Broadly, we identify development assistance
activities that might be considered vulnerable
to various levels of climate change risk. The



range for that risk extends from a narrow band
of activities that are highly sensitive—such as
agriculture and water supply—to a wider band
of affected projects and programmes in sectors
such as transport.”

The results are striking. Our analysis
suggests that 17 percent of all development
assistance falls into the narrow band of intensive
risk, rising to 33 percent for the wider band.
Expressed in financial terms, between US$16
billion and US$32 billion are at immediate risk.
These figures suggest that ‘climate-proofing’ aid
should be viewed as an important part of the
adaptation challenge. Approximate costs for
such ‘climate-proofing’ aid are around US$4.5
billion, or 4 percent of 2005 aid flows.®® Bear
in mind that this represents just the cost of
protecting existing investments against climate
change, not the incremental cost of using aid
programmes to build resilience.

Beneath these headline numbers, there
arc variations between donors. Some major
bilateral donors—including Canada, Germany,
Japan and the United Kingdom—face high
levels of risk exposure (figure 4.6). Multilateral
agencies such as the African Development Bank
(ADB) and the World Bank’s International
Development Association (IDA) portfolios are
in a similar position.

Adapting disaster relief to climate change
Climate-related disasters pose a wider set
of challenges for the donor community.
Climate change will increase the frequency
and severity of natural disasters. Increased
investment in disaster risk reduction is an
essential requirement for dealing with this
challenge. However, the reality is that disasters
will happen—and that the international
community will have to respond through
humanitarian relief. Increased aid provision
and a strengthening capacity for supporting
disaster recovery are two of the requirements.

Disaster relief is already one of the fastest
growing areas of international aid, with bilat-
eral spending reaching US$8.4 billion—or 7.5
percent of total aid—in 2005.% Climate-related
disaster is among the strongest engines driving
the increase in humanitarian aid, and climate

change will strengthen it still further. Exposure
to the risk of climate disasters can be expected
to rise with urbanization, the expansion of
unplanned human settlements in slum areas,
environmental degradation and the marginali-
zation of rural populations. As shown in chapter
2, climate-related catastrophes can slow or stall
progress in human development. But respond-
ing to the rising tide of disaster has the potential
to divert aid from long-term development pro-
grammes in other areas—a prospect which
points to the importance of new and additional
aid resources to cope with future demands.

Aid quantity is not the only problem.
Timing and fulfilment of pledges present
further limitations. In 2004, for example,
only 40 percent of the US$3.4 billion in
emergency funds requested by the UN was
delivered, much of it too late to avert human
development setbacks.”’ An increase in
climate-related disasters poses wider threats
to development that will have to be addressed
through improvements in aid quality. One
danger is that low-profile ‘silent emergencies’
linked to climate change will not receive the
attention that they demand. Persistent local
droughts in sub-Saharan Africa generate less
media attention than earthquakes or tsunami-
type events, even though their long-term effects
can be even more devastating. Unfortunately,
less media attention has a tendency to translate
into less donor interest and the underfinancing
of humanitarian appeals.

Post-disaster recovery is another arca of aid
management that has important implications
for adaptation. When vulnerable communities
are hit by droughts, floods or landslides,
immediate humanitarian suffering can swiftly
transmute into long-term human development
setbacks. Support for early recovery is vital to
avert that outcome. However, while aid flows
for disaster relief have been rising, recovery has
been systematically underfinanced. As a result,
the transition from relief to recovery is regulatly
compromised by insufficient funds and the non-
disbursement of committed resources. Farmers
are left without the seeds and credit they need to
rebuild productive capacities, slum dwellers are
left to rebuild their assets by their own efforts,

Aid is
vulnerable to

climate change

Official development assistance
vulnerable to climate change,
selected donors 2001-2005 (%)
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The risks and vulnerabilities
that come with climate
change cannot be dealt with
through microlevel projects

and ‘special initiatives’

and infrastructures for health and education are
left devastated.

The foundations for a multilateral system
equipped to deal with climate emergencies
are just beginning to emerge. The Central
Emergency Response Fund (CERF), managed
under UN auspices, is an attempt to ensure that
the international community has the resources
available to initiate carly action and to tackle
‘silent emergencies’. Its aim is to provide urgent
and effective humanitarian relief within the first
72 hours of a crisis. Since its launch in 2006, the
CEREF has received pledges from 77 countries.
The current proposal is to have in place an
annual revolving budget of US$450 million
by 2008. The wider multilateral system is also
reforming. The World Bank’s Global Facility for
Disaster Reduction and Recovery (GFDRR) also
includes a mechanism—the Standby Recovery
Financing Facility—a multi-donor trust fund
aimed at supporting the transition to recovery
through rapid, sustained and predictable
financing. Both the CERF and the GFDRR
directly address failings in the current emergency
response system. However, the risk remains that
the growing costs associated with emergency
responses will divert assistance from long-term
development assistance in other areas.

Rising to the adaptation challenge—
strengthening international
cooperation on adaptation

Climate change adaptation has to be brought
to the top of the international agenda for
poverty reduction. There are no blueprints to
be followed—but there are two conditions for
success.

The first is that developed countries
have to move beyond the current system of
underfinanced, poorly coordinated initiatives
to put in place mechanisms that deliver on the
scale and with the efficiency required. Faced
with the threat to human development posed
by climate change, the world needs a global
adaptation financing strategy. That strategy
should be seen not as an act of charity on the
part of the rich but as an investment in climate

change insurance for the world’s poor. The
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aim of the insurance is to empower vulnerable
people to deal with a threat that is not of their
making.

The second condition for successful adapta-
tion is institutional. The risks and vulnerabilities
that come with climate change cannot be dealt
with through microlevel projects and ‘special
initiatives’. They have to be brought into the
mainstream of poverty reduction strategics
and budget planning. One possible framework
for action is revision of the Poverty Reduction
Strategy Papers (PRSPs) that provide the
framework for nationally owned policies and
partnerships with donors.

Financing adaptation insurance
Estimating the financing requirements for
climate change adaptation poses some obvious
problems. By definition, the precise costs of
interventions cannot be known in advance. The
timing and intensity of local impacts remain
uncertain. Moreover, because interventions
have to cover a wide range of activities,
including physical infrastructure, livelihood
support, the environment and social policy,
it is difficult to assign costs to specific climate
change risks. These are all important caveats.
But they do not constitute a justification for
business-as-usual approaches.

Several attempts have been made to provide
ballpark estimates of the financing required
for adaptation. Most have focused on ‘climate-
proofing’. That is, they have looked principally
at the cost of adapting current investments
and infrastructure to protect them against
climate change risks. The World Bank has
provided one set of estimates based on a range
of current investments and ‘guesstimates’ of
adaptation costs. Updating the World Bank’s
figures for 2005 points to a mid-range cost
estimate of around US$30 billion (table 4.2).
Importantly, these costs estimates are based on
national economic indicators. Another valuable
source of information comes from ‘bottom-up’
analysis. Extrapolating from current NAPA cost
estimates, one study puts the financing needed
for immediate ‘climate-proofing’ at between
US$1.1 billion and US$2.2 billion for LDCs,
rising to US$7.7-33 billion for all developing



countries.”! The figures are based on project
costs contained in the NAPA.

Using a different approach, Oxfam has
attempted to estimate the broad financing
requirements for community-based adapta-
tion. Drawing upon a range of project-based
per capita estimates, it reaches an indicative
figure of around US$7.5 billion in adaptation
financing requirements for people living on less
than US$2 a day.”* Exercises such as this draw
attention to some of the adaptation costs that
fall directly on the poor—costs that are not
captured in many national planning exercises.

All of these cost estimates provide an insight
into plausible orders of magnitude for adaptation
financing. Understanding the financial costs
of ‘climate-proofing’ is critical for national
economic planning. Governments cannot build
credible plans in the absence of information on
national financing requirements. At the same
time, it is important for human development
that community-based investments, many
of which are not monetized, are also taken
into account. Further research in these areas
is critical to the integration of adaptation
planning into long-term budget planning and
poverty reduction strategies.

Consideration also has to be given to
adaptation beyond ‘climate-proofing’. Protecting
infrastructure against climate risks is one
critical element in adaptation. Another element
is the financing of recovery from climate-related
disasters. However, building resilience against
incremental risks is about more than investment
in physical infrastructure and post-emergency
recovery. It is also about empowering people
to cope with climate shocks through public
policy investments that reduce vulnerability.
One of the most serious problems in current
approaches to adaptation is the overwhelming
focus on ‘climate-proofing’ infrastructure, to
the exclusion of strategies for empowering—
and hence climate-proofing—people. The latter
is more difficult to put a price on, but no less
critical to successful adaptation.

Increased financing for human develop-
ment should be viewed as a central element
in international cooperation on adaptation:
uncertainties over costs cannot be allowed

to obscure the fact that climate change will
diminish the benefits of aid flows and hold

back the international poverty reduction effort.

Increased adaptation
financing should be seen

In effect, the incremental risks associated with " part as a response to

climate change are pushing up the costs of the increased financing
achieving human development goals, especially requirements for delivering
the MDGs. That is why increased adaptation
financing should be seen in part as a response on the MDG targets
to the increased financing requirements for
delivering on the MDG targets, in 2015 and
thereafter.
The critical starting point is that adapta-
tion financing has to take the form of new and
additional resources. That means that the inter-
national effort should be supplementary to the
aid targets agreed at Glencagles and supple-
mentary to the wider aspiration of achieving
an aid-to-GNI level of 0.7 percent by 2015.
Estimates of the financing requirements for
adaptation cannot be developed through the
application of mechanistic formulae. Provisions
have to be calibrated against human develop-
ment impact assessments and the experience of
the poor. Adjustments will have to be made in
the light of new scientific evidence and national
assessments. Over the longer term, the scale of
the adaptation challenge will be determined
in part by the mitigation effort. All of these
considerations point to the importance of flex-
ibility. But recognition of the case for flexibility
is neither a reason for delaying action, nor a
justification for what is clearly an inadequate
international effort. Climate change is a real
and present danger for the MDGs—and for
post-2015 progress in human development.
Addressing that danger will require an
enhanced resource mobilization effort that

The cost of climate-proofing development

Estimated Estimated
Developing portion costs of Estimated  Mid range of
countries sensitive to climate cost estimated cost
(US$ billion) climate change adaptation (US$ billion) (USS$ billion)
2005 (%) (%) 2005 2005
Investment (US$ billion) 2,724 2-10 5-20 3-54 ~30
Foreign direct investment (US$ billion) 281 10 5-20 1-6 ~3
Net official development assistance 107 17-33 5-20 1-7 ~4

Source: Data on investment from IMF 2007; data on foreign direct investment from World Bank 2007d data on ODA from Indicator Table 18;
assumptions on climate sensitivity and cost from Stern 2006.
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Developed countries would
have to mobilize around

0.2 percent of GDP in
2015—roughly one tenth of
what they currently mobilize

for military expenditure

includes, but goes beyond, climate-proofing,

Our rough estimate for financing requirements

in 2015 is as follows:

o  Climate-proofing development investment.
Carrying out detailed costing exercises for
the protection of existing infrastructure is
a priority. Building on the World Bank’s
methodology outlined above and updating
for 2005 data, we estimate costs for climate-
proofing development investments and
infrastructure to be at least US$44 billion
annually by 2015.73

o Adapting poverty reduction programmes
to climate change. Poverty reduction pro-
grammes cannot be fully climate-proofed.
However, they can be strengthened in ways
that build resilience and reduce vulner-
ability. National poverty reduction plans
and budgets are the most effective channel
for achieving these goals. Social protection
programmes of the kind described catlier in
this chapter provide one cost-cffective strat-
egy. At their 2007 summit, the G8 leaders
identified social protection as an area for
future cooperation on development. At the
same time, the incremental risks created by
climate change require a broader response,
including, for example, support for public
health, rural development and commu-
nity-based environmental protection.
These investments will have to be scaled
up over time. The 2015 target should be a
commitment of at least US$40 billion per
year—a figure that represents around 0.5%
of GDP for low income and lower-middle
income countries—for strengthening
social protection programmes and scaling

up aid in other key areas. 74

Investing in adaptation up to 2015

Estimated cost

% of OECD GDP USS$ billion
Estimated donor country cost 2015 2015
Climate-proofing development investment 0.1 44
Adapting poverty reduction to climate change 0.1 40
Strengthening disaster response () 2
Total 0.2 86

Source: HDRO estimates based on GDP projections from World Bank 2007d.
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o Strengthening the disaster response system.
Disaster risk reduction investments through
aid will deliver higher returns than post-
disaster relief. However, climate disasters
will happen—and climate change will add
to wider pressures on international systems
for dealing with humanitarian emergencies.
How these systems respond will have a
critical bearing on human development
prospects for affected communities across
the world. One of the greatest challenges is
to ensure that resources are mobilized swiftly
to deal with climate-related emergencies.
Another is to finance the transition from
relief to recovery. Provisions should be made
for an increase in climate-related disaster
response of US$2 billion a year in bilateral
and multilateral assistance by 2015 to
prevent the diversion of development aid.
The lower bound ballpark figures that

emerge appear large. In total they amount to

new additional adaptation finance of around

US$86 billion a year by 2015 (table 4.3).

Mobilizing resources on this scale will require

asustained effort. However, the figures have to

be put in context. In total, developed countries
would have to mobilize around 0.2 percent of

GDP in 2015—roughly one tenth of what they

currently mobilize for military expenditure.”
Rich countries’ responsibility weighs

heavily in the case for adaptation financing.

The impact of climate change in the lives of

the poor is not the result of natural forces.

It is the consequence of human actions.

More specifically, it is the product of energy

use patterns and decisions taken by people

and governments in the rich world. The
case for enhanced financing of adaptation

in developing countries is rooted partly in a

simple ethical principle: namely that countries

which are responsible for causing harm are also
responsible for helping those affected deal with
the consequences. International cooperation
on adaptation should be viewed not as an act
of charity, but as an expression of social justice,
equity and human solidarity.

None of this is to understate the scale of the
challenge facing donors. Mobilizing resources
on the scale required for climate change



adaptation will require a high level of political
commitment. Aid donors will need to work with
developing country governments in identifying
incremental climate change risks, assessing the
financing requirements for responding to those
risks, and engaging in dialogue on adaptation
policies. At the same time, donors themselves
will have to forge a far stronger consensus on
the case for international action on adaptation,
going beyond statements of principle to practical
action. Given the scale of resource mobilization
required, donors may also need to consider the
urgent development of innovative financing
proposals. There are several options:

e Resource mobilization through carbon
markets. The Kyoto Protocol Adaptation
Fund already establishes the principle that
adaptation financing could be linked to
carbon markets. That principle should be
acted on. Mobilizing resources for adapta-
tion through markets for mitigation offers
two broad advantages: a predictable flow
of finance and a link from the source of
the problem to a partial solution. Carbon
taxation provides one avenue for resource
mobilization (see chapter 3). For example,
a tax of just US$3/tonne CO, on OECD
energy-related emissions would mobilize
around US$40 billion per year (at 2005
emissions levels). Cap-and-trade schemes
provide another market-based route
for mobilizing adaptation finance. For
example, the European Union’s ETS will
allocate around 1.9 Gt in emission allow-
ances annually in the second phase to 2012.
Under current rules up to 10 percent of
these allowances can be auctioned. For
illustrative purposes, an adaptation levy set
at US$3/tonne CO, on this volume would
raise US$570 million. With an increase in
auctioningafter 2012, the EU ETS auction-
ing could provide a more secure foundation
for adaptation financing.

e Wider levies. In principle, adaptation
financing can be mobilized through a
range of levies. Applying levies to carbon
emissions has the twin benefit of generating
revenues for adaptation while at the same
time improving the incentives to promote

mitigation. One example is an air-ticket

levy. In 2006, France began collecting an

‘international solidarity contribution’ on

all European and international flights.”®

The aim is to generate revenues of US$275

million to finance treatment for HIV/AIDS

and other epidemics. An international drugs
purchase facility has been created to disburse
revenues from the scheme. The United

Kingdom uses part of its Air Passenger Duty

tax to fund immunization investments in

developing countries. Establishing a levy of

US$7 per flight would be unlikely to deter

air transport on any scale, but it would yield

around US$14 billion in revenues that could
be allocated to adaptation.”” Levies could be
extended through taxation in other areas,
including petrol, commercial electricity
supply and CO, emissions from industry.

An adaptation levy graduated to reflect

the high level of CO, emissions of sports

utility vehicles and other low fuel-efficiency
vehicles could also be considered.

o Financing linked to income and capabilities.
A number of commentators have argued
for adaptation commitments to be linked
to developed country wealth. One proposal
is for all Annex I Parties under the Kyoto
Protocol to set aside a fixed share of their
GDP to finance adaptation.”® Another
advocates the development of a formula for
contributions to adaptation financing that
links responsibility for carbon emissions (as
reflected in historic shares) and financing
capabilities (measured by reference to the
HDI and national income).”

Proposals in all of these areas merit serious
consideration. One obvious requirement is that
revenue mobilization to support adaptation
should be transparent and efficient. There are
potential pitfalls with the creation of special
financing mechanisms and dedicated funding
sources. Over-reliance on supplementary levies
has the potential to introduce an element of
unpredictability into revenue flows. Given the
far-reaching and long-term nature of the adap-
tation financing challenge, there is a strong case
for rooting it in normal budgetary processes.
However, this does not rule out an expanded
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Donors may also need
to consider the urgent
development of innovative

financing proposals
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The best PRSPs link
well-defined targets to an
analysis of poverty and to

systems of financial allocation
under annual budgets
and rolling medium-term

expenditure frameworks

role for supplementary financing, whether in
the direct financing of adaptation or in mobiliz-
ingadditional budgetary resources.

‘Mainstreaming’ adaptation

Financing is not the only constraint on the
development of successful adaptation strategies.
In most countries adaptation is not treated as
an integral part of national programmes. Both
donors and national governments are respond-
ing to the adaptation challenge principally
through project-based institutional structures
operating outside planning systems for budgets
and poverty reduction strategies.

This backdrop helps to explain the low
priority attached to adaptation in current aid
partnerships. While arrangements vary, in
many developing countries adaptation planning
is located in environment ministries which have
alimited influence on other ministries, notably
finance. Most PRSPs—the documents that set
out national priorities and define the terms for
aid partnerships—provide a cursory treatment
of climate change adaptation (see box 4.7). One
result is that much of the aid financing for adap-
tation happens though project-based assistance.
Current multilateral delivery mechanisms and
the approach followed under NAPA point to
more of the same.

Some projects on climate change adaptation
are delivering results. Looking to the future,
projects will continue to play an important
role. However, project-based assistance cannot
provide a foundation for scaling up adaptation
partnerships at the pace or at the scale required.
Project-based aid tends to increase transaction
costs because of in-built donor preferences for
their own reportingsystems, weak coordination
and strains on administrative capacity. Aid
transaction costs in these areas already impose
a heavy burden on capacity. In 34 aid-recipient
countries covered by one OECD review in
2005, there were 10,507 donor missions in the
course of the year.®°

There is a danger that current approaches to
adaptation could push up aid transaction costs.
Developing countries already face constraints
in integrating climate change adaptation into

national planning processes. They are also
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responding to pressing demands in many other
areas—HIV/AIDS, nutrition, education and
rural development, to name but a few—where
they are often engaging with multiple donors. If
the route to increased financing for adaptation
to climate change is through several multilat-
eral initiatives, each with its own reporting
system, it can be confidently predicted that
transaction costs will rise. Making the transi-
tion to a programme-based framework that
is integrated into wider national planning
exercises is the starting point for scaling up
adaptation planning,

Small-island developing states have already
demonstrated leadership in this area. Faced
with climate change risks that touch all aspects
of social, economic and ecological life, their
governments have developed an integrated
response linking national and regional plan-
ning. In the Caribbean, to take one example,
the Mainstreaming Adaptation to Climate
Change programme was initiated in 2002 to
promote integration of adaptation and climate
risk management strategies into water resource
management, tourism, fisheries, agriculture and
other arcas. Another example is in Kiribati in
the Pacific, where the Government has worked
with donors to integrate climate change risk
assessments into national planning, working
through high-level ministerial committees.
The 2-year preparation phase (2003-2005)
is to be followed by a 3-year implementation
period, during which donors are cofinancing
incremental climate change adaptation spend-
ing in key areas.

Working through PRSPs

For low-income countries, dialogue on PRSPs
provides an obvious vehicle for the transition to
a stronger emphasis on programmes. The best
PRSPs link well-defined targets to an analysis
of poverty and to systems of financial allocation
under annual budgets and rolling medium-term
expenditure frameworks. Whereas projects
operate on short-term cycles, adaptation plan-
ning and financing provisions have to operate
over a longer time horizon. In countries with a
proven capacity for delivery, channelling donor
support through national budgets that finance



national and subnational programmes is likely

to prove more effective than funding dozens

of small-scale projects. The PRSP provides a

link from poverty reduction goals to national

budgets and is thus the best tool for rolling
out public spending programmes geared to the

MDGs and wider macroeconomic goals.

In many countries, increased programme-
level support could deliver an carly harvest of
benefits from adaptation that bolster wider
poverty reduction efforts. Bangladesh provides
an example. Many donors in the country
are engaged in a wide range of projects and
programmes aimed at reducing climate risks.
However, far more could be done to expand pro-
gramme support in key areas. Two examples:

o Social safety net programmes (SSNPs).
Through the PRSP, poor people themselves
have identified strengthened safety
net programmes as a vital requirement
for reducing vulnerability. Currently,
Bangladesh has a large portfolio of such
programmes, with spending estimated at
around 0.8 percent of GDP. These include
an old-age allowance scheme, allowances
for distressed groups, a Rural Maintenance
Programme and a Rural Infrastructure
Development Programme—respectively
providing cash for work and food for
work—and conditional cash transfers that
provide food for education and stipends for
girls.%! Apart from providing immediate
relief, these programmes have offered a
ladder for people to climb out of poverty.
However, there are a number of problems.
First, coverage is inadequate: there are
around 24 million people in Bangladesh
in the category of ‘extremely poor’, whereas
safety nets only currently reach about 10
million. Second, there is no integrated
national SSNP based on comprehensive and
updated risk and vulnerability mapping.
Each separate SSNP is funded by a range of
donors and there are problems with unclear
and overlapping mandates. Strengthened
capacity and scaled up national programmes
in these areas could provide millions of
people facing immediate climate change

risks with support for adaptation.®?

o Comprehensive disaster management.
Working with donors through a range
of innovative programmes, Bangladesh
has developed an increasingly effective
disaster management system. Linked
explicitly to the MDGs, it brings together
a range of previously fragmented activities,
including the development of early warning
systems, community-based flood defence
and post-flood recovery.®> However, cur-
rent funding—US$14.5 million over four
years—is inconsistent with the ambitious
goal of reducing the vulnerability of the
poor to ‘manageable and acceptable levels’.
While every country is different, these

examples illustrate the wider potential for

integrating strategies for adaptation into
national planning. Dialogue on PRSPs provides
aframework through which developed countries
can support the efforts of developing country
governments. It could also provide them with

a mechanism through which to strengthen

disaster risk management strategies.

Initial progress has already been made on
multilateral assistance mechanisms. Under the
Hyogo Framework for Action, an international
disaster risk reduction framework signed
by 168 countries in 2005, clear guidelines
have been set out for the incorporation of
disaster risk reduction into national planning
processes. Elements of the architecture for
turning guidelines into outcomes have started
to emerge.®® Similarly, the World Bank’s
GFDRR supports the Hyogo Framework. One
of its core objectives is to build the capacity of
low-income countries to integrate disaster risk
reduction analysis and action (including that
brought about by climate change) into PRSPs
and wider strategic planning processes.®> Total
programme ﬁnancing requirements to 2016 are
estimated at US$2 billion.8¢

Key lessons emerge from the adaptation
experience of developing countries related to
requirements for developing such strategies:

o Reforming dedicated multilateral funds. The
major multilateral funds should be unified
into a single fund with simplified uptake
procedures and a shift in emphasis towards

programme-based adaptation.

Increased programme-level
support could deliver an
early harvest of benefits from
adaptation that bolster wider

poverty reduction efforts
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Successful adaptation
coupled with stringent
mitigation holds the key
to human development
prospects for the

21st Century and beyond

e Revising PRSPs. All PRSPs should be
updated over the next two years to
incorporate a systematic analysis of
climate change risks and vulnerabilities,
identify priority policies for reducing
vulnerability and provide indicative
estimates for the financing requirements
of such policies.

Conclusion

The limitations of adaptation strategies have
to be recognized. Ultimately, adaptation is an
exercise in damage limitation. It deals with
the symptoms of a problem that can be cured
only through mitigation. However, failure to
deal with the symptoms will lead to large-scale
human development losses.

The world’s poorest and most vulnerable
people are already adapting to climate change.
For the next few decades, they have no choice
but to continue adapting. In a good-case
scenario, average global temperatures will
peak around 2050 before they reach the
2°C dangerous climate change threshold. In
a bad-case scenario, with limited mitigation,
the world will breach the 2°C threshold before
2050 and be set on course for still further rises.
Hoping—and working—for the best while
preparing for the worst, serves as a useful first
principle for adaptation planning,

Successful adaptation coupled with
stringent mitigation holds the key to human
development prospects for the 21 Century
and beyond. The climate change that the world
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o DPutting adaptation at the centre of aid
partnerships. Donors need to mainstream
adaptation across theiraid programmes, so that
the effects of climate change can be addressed
in all sectors. By the same token, national
governments need to mainstream adaptation
across ministries, with the coordination of

planning taking place at a high political level.

is already locked into has the potential to result
inlarge-scale human development setbacks, first
slowing, then stalling and reversing progress in
poverty reduction, nutrition, health, education
and other areas.

Developing countries and the world’s
poor cannot avert these setbacks by acting
alone—nor should they have to. As shown in
chapter 1 of this Report, the world’s poor walk
the earth with a light carbon footprint. With
their historic responsibility for the energy
emissions that are driving climate change and
their far deeper current carbon footprints, rich
countries have a moral obligation to support
adaptation in developing countries. They also
have the financial resources to act on that
obligation. The business-as-usual model for
adaptation is indefensible and unsustainable.
Putting in place large-scale adaptation
investments in rich countries while leaving
the world’s poor to sink or swim is not just a
prescription for human development reversals.
It is a prescription for a more divided, less

prosperous and more insecure 21° Century.
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