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Timeline events were selected to increase
awareness of the connections between peo-
ple and the environment. An online version
of the timeline with links to Internet
resources is available at www.worldwatch
.org/features/timeline.

State of theWorld:
AYear in Review

Compiled by Lisa Mastny

This timeline covers some significant
announcements and reports from October
2007 through September 2008. It is a mix of
progress, setbacks, and missed steps around
the world that are affecting environmental
quality and social welfare.
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CLIMATE
Former USVice President

Al Gore and the
Intergovernmental Panel on
Climate Change win the
Nobel Peace Prize for
galvanizing international

action against climate change.

HEALTH
China reports that birth
defects in the nation’s

infants have soared nearly
40 percent since 2001 due
to pollution and worsening
environmental degradation.

WILDLIFE
Conservation groups and
the government of the

Democratic Republic of the
Congo create a vast new
reserve to protect the

endangered bonobo ape,
the closest human relative.

CLIMATE
Scientists say Arctic sea ice
has declined to its lowest

level since satellite
assessments began in
the 1970s, opening the

Northwest Passage fully for
the first time in memory.

NATURAL DISASTERS
Cyclone Sidr lashes

Bangladesh, killing some
3,000 people and

destroying an estimated
458,000 houses, 350,000
head of livestock, and

60,700 hectares of crops.

HEALTH
In a one-day snapshot of
obesity, doctors report that
24 percent of men and
27 percent of women
worldwide are obese—
nearing the obesity levels
found in the United States.

FISHERIES
Experts say Southeast Asia’s
oceans are rapidly running
out of fish, threatening the
livelihoods of some 100

million people and increasing
the need for government
protection of fish stocks.

WATER
ADB says developing

countries in Asia could face
an “unprecedented”water
crisis in a decade due to
climate change, population
growth, and mismanagement

of water resources.

2007 S T A T E O F T H E W O R L D : A Y E A R I N R E V I E W

POLLUTION
Russian tanker spills 2,000
tons of heavy fuel oil near
the Black Sea, affecting local
fishing and bird populations
and coating beaches with
a thick black sludge.

NATURAL DISASTERS
Wildfires across drought-
stricken southern California
char some 2,000 square
kilometers, destroying at
least 1,500 homes and
forcing more than half a

million people to evacuate.

NASA

©1986 Andrea Fisch/courtesy Photoshare

Ice Extent
9/16/07



State of theWorld: A Year in Review

WWW.WORLDWATCH.ORG xxi

STATE OF THE WORLD 2009

D E C E M B E R

CLIMATE
Report warns that as
many as 150 million

people in the world’s big
coastal cities are likely at
risk from flooding by the
2070s, more than three
times as many as now.

CLIMATE
Scientists demonstrate
that recent warm

summers have caused the
most extreme Greenland
ice melting in 50 years,

providing further evidence
of global warming.

BIODIVERSITY
WWF reports that
four Antarctic penguin
populations are under
pressure from climate
change as habitat loss
and overfishing disrupt
breeding and feeding.

NATURAL DISASTERS
Officials say China is

suffering from its worst
drought in a decade, leaving
millions of people short of
drinking water and shrinking

reservoirs and rivers.

ECONOMY
UN says climate change
is creating millions of
“green jobs” in sectors
from solar power to
biofuels that will slightly
exceed layoffs elsewhere

in the economy.

CLIMATE
At UN climate talks in
Bali, nearly 200 nations
agree to launch negotia-
tions on a new climate
change treaty following
a groundbreaking

reversal of US position.

TRANSPORTATION
Indian auto manufacturerTata
unveils its $2,500 “people’s

car,” the Nano, raising concerns
about crowded roads and

rising pollution.

CLIMATE
Group reports that
trade in global carbon
credits rose 80 percent
in 2007, to $60 billion,
up from $33 billion
the previous year.
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Tata Motors

FORESTS
Brazilian scientist says

Amazon deforestation is
likely to increase in 2008
for the first time in four
years, raising concerns
about the effectiveness
of national forest
protection policies.
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CLIMATE
Study reports that

the USWest is warming
at nearly twice the rate
of the rest of the world
and is likely to face
more drought

conditions in many of
its fast-growing cities.

ECONOMY
Report says global

investments in renewable
energy topped $100 billion
for the first time in 2007,
led by wind power and

driven by supportive policies.

ENERGY
Price of oil passes the

all-time inflation-adjusted
peak of $103.76 set in
April 1980 and is now
three times what it was

four years ago.

AGRICULTURE
Global seed vault in

Svalbard, Norway, opens
with 100 million food
crop seeds from more

than 100 countries, the most
comprehensive and diverse
collection in the world.

PUBLIC EDUCATION
Some 50 million people
worldwide participate in
Earth Hour, switching off
lights in some 370 cities
in more than 35 countries
to raise awareness of
climate change.

ENERGY
Studies report that more
greenhouse gases are

released when clearing land
to grow current biofuel crops

than would be reduced
when the biofuels displaced

fossil fuels.

CLIMATE
UN reports that the world’s
glaciers are continuing to

melt away, with record losses
reported between 2004–05

and 2005–06 and the
average rate of melting and
thinning more than doubling.

© Lyle Rosbotham
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Switchgrass, NREL

WILDLIFE
The eight South Asian

nations agree to cooperate
more in addressing wildlife
trade problems in the
region, one of the prime
targets of organized wildlife

crime networks.
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CLIMATE
Report says capping

carbon emissions would
cost US households less
than a penny on the
dollar over 20 years,
refuting claims that

mandatory limits would
damage the economy.

CLIMATE
Study says financial
incentives for cutting
carbon emissions from
deforestation could earn
developing countries up
to $13 billion in carbon

credits per year.

CONSUMPTION
San Francisco reports a

70 percent recycling rate—
the highest in the United
States—through measures

such as recycling,
composting, and reuse.

NATURAL
DISASTERS

A 7.9 magnitude
earthquake hits China’s
Sichuan province, killing
some 70,000 people,
injuring 374,000 more,
and leaving 4.8 million

homeless.

ENERGY
Texas oilmanT. Boone
Pickens places the

largest-ever order for
wind turbines, spending
$2 billion for 667 turbines
to develop the world’s
largest wind farm.

Vicky S
© Lyle Rosbotham

Agência Brasil

FORESTS
Brazilian environment

minister and
rainforest activist
Marina Silva resigns
after facing ongoing
struggles with the
Lula administration
over Amazonian
forest policies.

NATURAL DISASTERS
Cyclone Nargis kills some
78,000 people and leaves

millions homeless in Myanmar,
while critics blame mangrove

destruction and a slow
government response for
the high fatality rate.

Sgt. Andres, USMC
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CONSUMPTION
China bans the production
and use of plastic bags in
supermarkets and retail

shops as part of a campaign
to fight “white pollution”

in the country.

FORESTS
Reports say booming
demand for food, fuel,
and wood as world
population surges will
put unprecedented and
unsustainable demands
on remaining forests.

ENERGY
US average price for
a gallon of regular
gasoline tops $4 for
the first time ever.

FOOD
FAO says rising land

degradation reduces crop
yields and may threaten
the food security of

1.5 billion people, about
a quarter of the
world’s population.

CLIMATE
Study reports that
China’s CO2 releases

accounted for two thirds
of increased global emis-
sions in 2007 and are 14
percent higher than those
from the United States.

GOVERNANCE
Internal review
saysWorld Bank

investments fail to give
enough attention to
long-term sustainability
and place uneven
emphasis on

economic benefits
of environmental
preservation.

FOOD
World Food

Programme announces
it will provide $1.2
billion in additional
food aid for the 62
countries hit hardest
by the food and

fuel crisis.

ENERGY
The price of oil hits
a new all-time
inflation-adjusted
high of $147.27.

WILDLIFE
China wins the right
to make a one-off

purchase of registered
elephant ivory stocks
from four African
countries under
strict conditions.

Photodisc
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CLIMATE
Ten northeastern states
hold the first US cap and
trade auction of carbon

dioxide emissions
allowances, raising nearly
$40 million for renewable
energy technologies and
energy efficiency programs.

ENERGY
UN says abolishing
some $300 billion in
global subsidies for
fossil fuels could cut
world greenhouse
gas emissions by up
to 6 percent while
also boosting

economic growth.

Joowwww

Ewout Bos

CONSUMPTION
China celebrates the
opening of what it calls
the first “green”Olympics,
after spending some $20
billion on mass transit
and the addition of

new renewable energy
systems in Beijing.

ENERGY
Pacific Gas and Electric
agrees to purchase

800 megawatts of solar
cells, the largest such
sale ever, to be installed
in two solar farms that
can supply electricity to

239,000 homes.

ENERGY
Report says US installed
wind capacity exceeds

20,000 megawatts, enough
electricity to serve 5.3
million American homes
and making the US the
world leader in wind
power capacity.

MARINE SYSTEMS
Researchers say the

number of “dead zones”
in the world’s oceans
and coastal areas has
nearly doubled every
decade since the 1960s,
to some 400, due mainly

to fertilizer runoff.

DOE

NREL

CONSUMPTION
Study says exports
now account for

one third of China’s
CO2 emissions as
manufacturers there
feed a growing

global appetite for
cheap goods.

ENERGY
U.S government lifts a
longstanding ban on

offshore drilling, opening
most of the country’s
coastline to oil and gas
leasing and exploration.



Something extraordinary happened at the top
of our planet in the past three summers. For
a few weeks each year—in the final days of the
northern summer—a large stretch of open
water appeared around the Arctic, making it
briefly possible to pilot a ship from the Atlantic
to the Pacific without going through the
Panama Canal or around the Cape of Good
Hope. Never before in recorded human his-
tory has it been possible to make that journey.1

As a barometer of global environmental
change, the loss of the permanent ice cap at
the North Pole is like a seismograph that
suddenly jumps off the charts. For several
decades now, Earth’s heat balance has been
severely out of equilibrium. Earth is absorb-
ing more heat than it is emitting, and across
the planet ecological systems are respond-
ing. The changes so far have been almost
imperceptible, and even now they appear
from the human viewpoint gradual.

But don’t be fooled: the changes repre-
sented by melting glaciers, acidifying oceans,
and migrating species are—on a planetary
timescale—breaking all known speed limits.

The planet that humans have known for
150,000 years (encompassing the Pleistocene
and Holocene epochs, as geologists describe
them) is changing irrevocably thanks to
human actions. In 2000 the Nobel Prize-
winning chemist Paul Crutzen and his col-
league Eugene F. Stoermer concluded that
these changes are so profound that the world
has entered a new geological epoch—which
they aptly named the Anthropocene.2

Changing Earth’s climate is like sailing a
massive cargo ship. Tremendous energy is
required to get such a ship moving—and its
forward progress is at first almost impercep-
tible—but once it is traveling at full speed, it
is very hard to stop. It is now virtually certain
that children born today will find their lives
preoccupied with a host of hardships created
by an inexorably warming world. Food sup-
plies will be diminished, and many of the
world’s forests will be destroyed. Not just
the coral reefs that nurture many fisheries
but the chemistry of the oceans will face dis-
ruption. Indeed, the world’s oceans are
already acidifying rapidly. Coastlines will be

C H A P T E R 1
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rearranged, and so will the world’s wetlands.
Whether you are a farmer or an office worker,
whether you live in the northern or southern
hemisphere, whether you are rich or poor, you
will be affected.3

FiddlingWhile the
World Burns

Like a distant tsunami that is only a few
meters high in the deep ocean but rises dra-
matically as it reaches shallow coastal waters,
the great wave of climate change has snuck
up on people—and is now beginning to
break. Climate change was first identified as
a potential danger by a Swedish chemist in
the late nineteenth century, but it was not
until the late 1980s that scientists had enough
evidence to conclude that this transformation
was under way and presented a clear threat
to humanity.

An American scientist, James Hansen of
the National Aeronautics and Space Admin-
istration, put climate change squarely on
the agenda of policymakers on 23 June
1988. On that hot summer day, Hansen
told a U.S. Senate Committee he was 99 per-
cent certain that the year’s record tempera-
tures were not the result of natural variation.
Based on his research, Hansen had con-
cluded that the rising heat was due to the
growing concentration of carbon dioxide
(CO2) and other atmospheric pollutants.
“It’s time to stop waffling so much and say
that the evidence is pretty strong that the
greenhouse effect is here.”4

Hansen’s words, joined with those of other
scientists, echoed around the world. Within
months government officials were beginning
to consider steps to reduce greenhouse gas
emissions, with much of the focus on the
kind of international agreement that would be
needed to tackle this most global of problems.
In 1992 the United Nations Framework Con-

vention on Climate Change was adopted by
heads of state in Rio de Janeiro, and in 1997
the Kyoto Protocol, with its legally binding
emissions limits for industrial countries, was
negotiated.5

As the 1990s came to an end the world
appeared to be moving to tackle the largest
and most complex problem humanity has
ever faced. But fossil fuel interests mobilized
a counterattack—pressuring governments
and creating confusion about the science of
climate change. Taking advantage of the
inevitable uncertainties and caveats contained
in leading climate assessments, a handful of
climate skeptics—many of them PhDs with oil
industry funding—managed to position cli-
mate change as a scientific debate rather than
a grim reality.

The climate change skeptics had their
greatest influence in the United States,
putting it at loggerheads with the European
Union, which since the early 1990s has been
the strongest advocate of action on climate
change. In November 2000, in the waning
days of the Clinton administration, climate
negotiators met in The Hague with the inten-
tion of finalizing details of the Kyoto Proto-
col—which in principle had been agreed to
three years earlier. Two weeks of intense dis-
cussions concluded with an agonizing all-
night session that ended in failure. Distrust
and miscommunication between American
and European negotiators were at the heart
of this historic diplomatic failure—a failure
that became more significant a short time
later when the U.S. Supreme Court decided
that Al Gore would not be the next President
of the United States.6

In the months that followed, many
remained optimistic: before his election, Pres-
ident George W. Bush had indicated his sup-
port for addressing the climate problem and
working cooperatively with other countries.
Two months later—under heavy pressure

6 WWW.WORLDWATCH.ORG
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from Vice President Cheney and the oil indus-
try—he executed an abrupt U-Turn, reject-
ing the Kyoto Protocol outright and throwing
negotiations into a tailspin. Europe, Canada,
Japan, and Russia were shocked into com-
pleting and ultimately ratifying the Kyoto
Protocol in the following years, but time and
political momentum had been lost. More
significantly, the unilateral actions of the U.S.
government deepened North-South fissures
on climate change—a divide that has now
become the largest obstacle to progress.7

Storm Clouds Gather
The tragedy of these two wasted decades is
that during this period the world has moved
from a situation in which roughly a billion
people in industrial countries were driving
the problem—the United States, for exam-
ple, has 4.6 percent of the world’s popula-
tion but accounts for 20 percent of fossil-fuel
CO2 emissions—to today’s reality in which
the far larger populations of developing
countries are on the verge of driving an even
bigger problem.8

Global emissions of carbon dioxide from
fossil fuel combustion and cement production
rose from 22.6 billion tons in 1990 to an esti-
mated 31 billion tons in 2007—a staggering
37-percent increase. This is 85 million tons
of carbon dioxide spilled into the atmosphere
each day—or 13 kilograms on average per
person. The annual increase in emissions shot
from 1 percent a year in the 1990s to 3.5 per-
cent a year from 2000 to 2007—with China
accounting for most of that remarkable leap.9

Between 1990 and 2008 U.S. emissions of
carbon dioxide from fossil fuel combustion
grew by 27 percent—but emissions in China
rose 150 percent, from 2.3 billion to 5.9 bil-
lion tons. More suddenly and dramatically
than experts had expected, China and other
developing countries are entering the energy-

WWW.WORLDWATCH.ORG 7
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intensive stages of economic development,
and their factories, buildings, power plants,
and cars are consuming vast amounts of fos-
sil fuels. As recently as 2004, the Interna-
tional Energy Agency projected that it would
be 2030 before China passed the United
States in emissions. It now appears that the
lines crossed in 2006.10

Accelerating emissions are not the only
factor driving increased concern. Tropical
deforestation—estimated at 13 million
hectares per year—is adding 6.5 billion tons
of carbon dioxide to the atmosphere annually.
The world’s largest tropical forest, the Ama-
zon, is disappearing at a faster pace as high
agricultural prices encourage land clearing.
More alarmingly, Earth’s natural sinks—its
oceans and biological systems—appear to be
losing their ability to absorb a sizable fraction
of those emissions. As a result, the increase in
atmospheric CO2 concentrations has accel-
erated to the fastest rate ever recorded.11

Scientists are reticent by nature, and the
overwhelming complexity and inevitable
uncertainty of the climate problem have led
them to produce equivocal and hard-to-inter-
pret studies that have given considerable com-
fort to those who argue it is too early to act
on climate change. In the past year, how-
ever, a few brave scientists have cast reticence
aside. Speaking in Washington on the twen-
tieth anniversary of his historic testimony,
James Hansen had a sharp warning for poli-
cymakers: “If we don’t begin to reduce green-
house gas emissions in the next several years,
and get on a very different course, then we are
in trouble....This is the last chance.”12

Climate scientists have discovered a par-
ticularly inconvenient truth: by the time defin-
itive predictions of climate change are adopted
by scientific consensus, the climate system
may have reached a tipping point at which cli-
mate change begins to feed on itself—and
becomes essentially irreversible for centuries
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must begin declining within the decade and
then fall to no more than half the current
level—and possibly even to zero—by the
middle of this century. (See Chapter 2.)14

This is a tall order indeed. Some would call
it impossible. But the resources, technologies,
and human capacity for change are all in
place. The missing ingredient is political will,
and that is a renewable resource.

A New Political Climate
Over the past few years, political will to tackle
the climate problem has grown in many coun-
tries around the world. The European Union
has committed to reducing its emissions to 20
percent below the 1990 level in 2020—and
to reaching 30 percent if other industrial
countries join them in a strong international
agreement. And the political will for change
is building, thanks to the strong base in sci-
ence and widening public awareness of climate
change and its risks. In late 2007, Australians
voted out a conservative government in part
out of impatience with the Prime Minister’s
unwillingness to support the Kyoto Protocol;
the new Prime Minister promptly secured its
ratification. His first trip outside Australia
was to a climate negotiation in Bali, and his
government has been working to build a
national climate plan ever since.15

In the United States, climate policy is rag-
ing like a prairie fire at the state level. By late
2008, some 27 states had adopted climate
plans, and groups of eastern and western
states are developing their own regional emis-
sions cap and trade systems. In April 2008, the
governors of 18 states gathered at Yale Uni-
versity to proclaim: “Today, we recommit
ourselves to the effort to stop global warm-
ing, and we call on congressional leaders and
the presidential candidates to work with us—
in partnership—to establish a comprehen-
sive national climate policy.” And the U.S.

into the future. The loss of Arctic ice, for
example, will allow more sunlight to heat
the Arctic Ocean, accelerating the buildup of
heat and putting the vast Greenland ice sheet
at risk. And there are early indications that the
rapid rise in Arctic temperatures is thawing the
tundra and thereby releasing additional
amounts of CO2 and methane.

These dramatic changes will affect the
entire planet, but the world’s poor will suf-
fer first and suffer most. The latest climate
models indicate particular vulnerability in the
dry tropics, where the food supplies for hun-
dreds of millions of people will be under-
mined by climate change. Hundreds of
millions more who live in the vast Asian
mega-deltas will be at risk from rising sea
levels and increased storm intensity. Health
threats from malaria, cholera, and other dis-
eases that are likely to flourish in a warmer
world will add to the burdens facing the
world’s poor. The fact that many of the 1.4
billion people who now live in severe poverty
already face serious ecological debts—in water,
soil, and forests—will exacerbate the new
problems presented by climate change.13

When they were released in 2007, the lat-
est findings of the Intergovernmental Panel
on Climate Change were taken as an urgent
warning of the dangers ahead. But the torrent
of scientific data to emerge since then has led
some scientists to sharpen their advice. James
Hansen and W. L. Hare of Germany’s Pots-
dam Institute are among those who have
concluded that to prevent “dangerous cli-
mate change”—the goal that governments
have already agreed to—global emissions

The political will for change is
building, thanks to the strong base in
science and widening public awareness
of climate change and its risks.
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Ten Key Challenges
Ten challenges must be met in order to cre-
ate the world of zero net greenhouse gas
emissions that will be needed to achieve cli-
mate stability.

Thinking Long-term. Human beings have
evolved to be very good at focusing on an
immediate threat—whether it is wild animals
the first humans faced on the plains of Africa
or the financial panic that gripped the world
in late 2008. Climate change is a uniquely
long-range problem: its effects appear grad-
ual on a human time scale, and the worst
effects will likely be visited on people not yet
alive. To solve this problem, we must embrace
the future as our responsibility and consider
the impact of today’s decisions on future
generations. Just as Egyptians built pyramids
and Europeans built cathedrals to last mil-
lennia, we need to start acting as if the future
of the planet matters beyond our own short
lives.

Innovation. The world needs to develop
and disseminate technologies that maximize
the production and use of carbon-free energy
while minimizing cost and optimizing con-
venience. (Convenience matters: the ease of
transporting, storing, and using carbon-based
fuels is among their attractions, not captured
in price alone.) An effective climate pact will
offer incentives that accelerate technological
development and ensure that renewable
energy and other low-emission technologies
are deployed in all countries regardless of
ability to pay the costs. (See Chapter 4.) We
need to dramatically increase the efficiency
with which we use carbon-based energy and
lower release into the atmosphere of land-
based CO2, methane, nitrogen oxides, and
greenhouse gases stemming from cooling
and various industrial processes. The oppor-
tunities for quick and inexpensive emissions
reductions remain vast and mostly untapped.

business community is responding as well: 27
major corporations, including Alcoa, Dow
Chemical, General Motors, and Xerox, have
announced their support for caps on national
greenhouse gas emissions.16

Developing countries are joining in too. In
June 2008, the prime minister of India
released the much-anticipated National Action
Plan on Climate Change. It focuses on eight
areas intended to deliver maximum benefits
in terms of domestic climate change mitiga-
tion and adaptation: solar energy, energy effi-
ciency, sustainable habitat, water, sustaining
the Himalayan ecosystem, green India, sus-
tainable agriculture, and sustainable knowl-
edge for climate change. China announced a
new climate plan in 2007, and during the
course of 2008 continued to strengthen its
energy efficiency programs, including a new
incentive system that ties promotion of local
officials to their success in saving energy.17

These advances are welcome. But the world
needs to change course much faster. To con-
centrate the attention of policymakers, a mass
global movement is needed in support of a
new climate treaty that picks up where the
Kyoto Protocol leaves off in 2012. It is every-
one’s planet, after all, and everyone’s climate.
There are signs that such a public movement
is now growing in industrial as well as devel-
oping countries, but it is not yet sufficiently
strong or pervasive to counter the vested inter-
ests that stand on the other side.

One reason is that climate negotiations
are numbingly hard to follow. Outside of a
hard-working community of government
negotiators, nongovernmental organizations,
and academics, most people have little sense
of what is happening. In a modest effort to
help demystify the process, this book eschews
terms of art and uses everyday language as
much as possible. (See the Climate Change
Guide following Chapter 6 for a glossary of
terms used in the climate debate.)



Population. It is essential to reopen the
global dialogue on human population and
promote policies and programs that can help
slow and eventually reverse its growth by
making sure that all women are able to decide
for themselves whether and when to have
children. A comprehensive climate agree-
ment would acknowledge both the impacts of
climate change on vulnerable populations
and the long-term contribution that slower
growth and a smaller world population can
play in reducing future emissions under an
equitable climate framework. And it should
renew the commitment that the world’s
nations made in 1994 to address population
not by pressuring parents to have fewer or
more children than they want but by meet-
ing the family planning, health, and educa-
tional needs of women.18

Changing Lifestyles. The world’s climate
cannot be saved by technology alone. The
way we live will have to change as well—and
the longer we wait the larger the needed
sacrifices will be. In the United States, the
inexorable increase in the size of homes and
vehicles that has marked the past few decades
has been a major driver of greenhouse gas
emissions and the main reason that U.S.
emission are double those of other industrial
countries. Lifestyle changes will be needed,
some of which seem unattractive today. But
in the end, the things we may need to learn
to live without—oversized cars and houses,
status-based consumption, easy and cheap
world travel, meat with every meal, dispos-
able everything—are not necessities or in
most cases what makes people happy. The
oldest among us and many of our ancestors
willingly accepted such sacrifices as necessary
in times of war. This is no war, but it may be
such a time.

Healing Land. We need to reverse the
flow of carbon dioxide and other greenhouse
gases from destroyed or degraded forests and

land. Soil and vegetation can serve as powerful
net removers of the atmosphere’s carbon and
greenhouse gases. (See Chapter 3.) Under the
right management, soil alone could absorb
each year an estimated 13 percent of all
human-caused carbon dioxide emissions. To
the extent we can make the land into a more
effective “sink” for these gases we can emit
modest levels essential for human develop-
ment and well-being. Like efficiency, however,
an active sink eventually faces diminishing
returns. And any sink needs to be secured
with “drain stoppers” to prevent easy return
of greenhouse gases to the atmosphere when
conditions change.19

Strong Institutions. “Good governance”
can be a cliché—until someone needs it to
survive. The final months of 2008 laid
painfully bare the dangerous imbalance
between a freewheeling global economy and
a regulatory system that is a patchwork of dis-
parate national systems. And if there was ever
a global phenomenon, the climate is it. In fact
it is not hard to imagine the climate problem
driving a political evolution toward global
governance over the long term, but given
the public resistance to that idea the next
most effective climate-regulating mechanism
will be the strength and effectiveness of the
United Nations, multilateral banks, and major
national governments. New institutions and
new funds will be needed, but it could take
a major public awakening or a dramatically
deteriorating climate to overcome the obsta-
cles to inventing and establishing them.

The Equity Imperative. A climate agree-
ment that can endure and succeed will find
mechanisms for sharing the burden of costs
and potential discomforts. Per capita fossil fuel
CO2 emissions in the United States are almost
five times those in Mexico and more than 20
times the levels in most of sub-Sahara. An
effective climate agreement will acknowledge
the past co-optation of Earth’s greenhouse-
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gas absorbing capacity by the wealthiest and
most industrialized countries and the corre-
sponding need to reserve most of what little
absorbing capacity is left for countries in
development. Most people live in such coun-
tries, and they bear little responsibility for
causing this problem—though it is worth
recalling that a small but growing share of
their populations already have large carbon
footprints.20

Economic Stability. In the fall of 2008
the global economy foundered, raising the
obvious question: can a world heading into
hard economic times add to its burdens the
costs of switching from fossil to renewable
fuels or managing precious land for carbon
sequestration? Any climate agreement built on
an assumption of global prosperity is doomed
to failure. And as growing and increasingly
affluent populations demand more of the
resources of a finite planet, we may have to
balance the future of climate against present
realities of hunger, poverty, and disease. A
robust international climate regime will need
to design mechanisms that will operate con-
sistently in anemic as well as booming eco-
nomic times. And a strong pact will be built
on principles and innovations that acknowl-
edge and accommodate the problem of cost—
while building in monitoring techniques to
ensure that efficiency is not achieved at the
expensive of effective and enduring emission
cuts and adaptation efforts.21

Political Stability. A world distracted by
major wars or outbreaks of terrorism will not
be able to stay focused on the more distant
future. And just such a focus is needed to pre-
vent future changes in climate and adapt to
the ones already occurring. A climate pact
could encourage preemptive action to dimin-
ish insecurity caused or exacerbated by climate
change. But unless nations can find ways to
defuse violent conflict and minimize the
chance that terrorism will distract and disrupt

societies, climate change prevention and adap-
tation (along with development itself) will
take a back seat. On the bright side, negoti-
ating an effective climate agreement offers
countries an opportunity, if they will only
seize it, to practice peace, to look beyond
the narrowness of the interests within their
borders at their dependence on the rest of the
world, to see humanity as a single vulnerable
species rather than a collection of nations
locked in pointless and perpetual competition.

Mobilizing for Change. As fear of climate
change has grown in recent years, so has
political action. But opponents of action have
repeatedly pointed to the vast costs of reduc-
ing emissions. At a time of serious economic
problems, the power of that argument is
growing, and some of those who are per-
suaded are going straight from denial to
despair. The most effective response to both
of those reactions is, in the words of Common
Cause founder John Gardner, to see global
warming as “breathtaking opportunities dis-
guised as insoluble problems.” Solving the cli-
mate problem will create the largest wave of
new industries and jobs the world has seen in
decades. Michigan, Ohio, and Pennsylvania
in the United States are among those that
have devoted enormous efforts to attracting
new energy industries—with a glancing ref-
erence to climate change and a major focus
on creating new jobs to revive “rustbelt”
economies.22

In November 2009, the world faces a test.
Will the roughly 200 national governments
that meet in Copenhagen to forge a new cli-
mate agreement come up with a new proto-
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col that provides both vision and a roadmap,
accelerating action around the globe? The
challenges are many: Will the global financial
crisis and conflict in the Middle East distract
world leaders? Will the new U.S president
have time to bring his country back into a
leadership position? Will the global North-
South divide that has marked climate talks in
recent years be overcome?

State of the World 2009 presents some
potential answers to these challenges. One
vital theme stands out from the rest: climate
change is not a discrete issue to be addressed

apart from all the others. The global econ-
omy fundamentally drives climate change,
and economic strategies will need to be
revised if the climate is ever to be stabi-
lized—and if we are to satisfy the human
needs that the global economy is ultimately
intended to meet.

We cannot afford to have the Copenhagen
climate conference fail. The outcome of this
meeting will be written in the world’s history
books—and in the lasting composition of
our common atmosphere.
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Our climate system is in trouble. It has
warmed by over 0.7 degrees Celsius in the last
100 years. Most of the warming since at least
the mid-twentieth century is very likely due
to human activities. Warming’s impacts on
human and natural systems are now being
observed nearly everywhere—perhaps most
obviously in the recent loss of Arctic sea ice,
which in 2007 and 2008 reached record low
levels at the end of the northern summer. In
spite of nearly 20 years of international atten-
tion, emissions of greenhouse gases
(GHGs)—principally carbon dioxide (CO2)
from the burning of fossil fuels—continue
to grow rapidly. As a consequence, the con-
centration of carbon dioxide in the atmos-
phere has increased faster during the last 10
years than at any time since continuous mea-
surements began in 1960.1

Unabated, current increasing trends in
emissions can be expected to raise Earth’s
temperature by a further 4–6 degrees Celsius

(7.2–10.8 degrees fahrenheit), if not more,
by the end of this century. If even half that
much warming occurs, it will bring huge
damages and potentially catastrophic prob-
lems. The Fourth Assessment Report of the
Intergovernmental Panel on Climate Change
(IPCC), which was released at the end of
2007, predicted serious risks and damages to
species, ecosystems, human infrastructure,
societies, and livelihoods in the future unless
warming is reduced. The report’s projected
risks and damages are larger and more seri-
ous than previously estimated and threaten
development in several regions of the world.
The IPCC also found that reducing green-
house gas emissions would lower the global
temperature increase and consequently lessen
the risks and damages. Yet it is also important
to note at the outset that even reducing
emissions 80 percent by 2050 will not elim-
inate all serious risks and damages.2

One of the great icons of the modern world,
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the jet aircraft, provides a telling metaphor
for what the world faces in terms of climate
change. Jet aircraft burn prodigious quantities
of fossil fuels in order to move passengers and
freight across vast distances in relative safety and
luxury. Yet like the climate system, the rules of
operating these machines are not widely under-
stood by anyone except the few people whose
job it is to know about such things. The climate
system is like a jet aircraft that has become air-
borne safely but is now facing grave difficulty
and must land as a matter of urgency before
disaster becomes inevitable. If we do not
reduce emissions fast enough and bring the
warming of the climate system to a halt, we risk
a major catastrophe.

This chapter is about how much and how
fast the world needs to reduce greenhouse gas
emissions in order to prevent or limit serious
damage—in other words, to bring the climate
system to a safe landing. But first it is impor-
tant to review the current state of scientific
knowledge on the risks, damages, and impacts
estimated for different levels of warming in
order to see what level might prevent dan-
gerous changes and thus be “safe.”

Preventing dangerous climate change is
the universally agreed ultimate goal of climate
policy established in the 1992 U.N. Frame-
work Convention on Climate Change
(UNFCCC). (See Box 2–1.) Once a dan-
gerous level of change has been defined, sci-
entists can calculate with reasonable
confidence an emission pathway that can limit
warming and other changes to this level, tak-
ing into account continuing uncertainties in
their understanding of the climate system.3

Projected Climate Change
and Sea Level Rise

In the latest IPCC report the projected lev-
els of global warming in the absence of
efforts to reduce emissions are not dramat-

ically different from those made in earlier
reports: warming by 2100 is projected to be
in the range of 1.1–6.4 degrees Celsius above
the average in the 1980–99 period. Given
that emissions, warming, and sea level rise
during the current decade have all been at the
upper end of projected ranges, it would be
prudent to assume that the likely warming in
the absence of major emission reductions
over the next century will be toward the
mid or upper end of the range projected by
the IPCC.4

The main reference point for greenhouse
gas concentrations and temperature increases
is typically preindustrial times. This is usually
taken as 1750, so preindustrial CO2 concen-
tration levels are given as 278 parts per mil-
lion (ppm) CO2. Increases in greenhouses
gases (taken together as CO2-equivalent
(CO2eq) concentrations) are generally related
to this number. A doubling of GHG con-
centrations means an increase that is equiva-
lent to the effect of about 556 ppm CO2
(often just rounded to 550 ppm CO2).

As far as possible, global temperature
increases here are referred to as increases
above the preindustrial level. Given that a
global instrumental temperature series only
exists for the period after 1850, the prein-
dustrial period is defined as the 30-year aver-
age from this year. (The average global mean
temperatures between 1750 and the 1850s
were quite similar, so this is considered sat-
isfactory.) From the 1850s to the five-year
period ending in 2007, global mean tem-
perature increased by more than 0.7 degrees
Celsius. In the IPCC report, projections are
often stated with respect to the period
1980–99 (with 1990 used as the midpoint),
which was a bit over 0.5 degrees Celsius
warmer than the preindustrial period. So the
IPCC’s projected increase for the twenty-
first century of 1.1–6.4 degrees Celsius above
1980–99 levels would be about 1.6–6.9
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degrees Celsius above preindustrial level.
Since 1980–99, the climate system has already
warmed about 0.25 degrees Celsius.5

For projected sea level rise the IPCC was
unable to estimate fully all the contributions
of global warming, as numerical computer
models of the ice sheets of Greenland and
Antarctica cannot yet adequately project the
effects. So the range of sea level rise esti-
mated by the IPCC—between 0.18 and 0.59
meters by 2100 above 1980–99 levels—was
heavily qualified, given that the possible future

rapid loss of ice from Greenland and Antarc-
tica could not be quantified. The already
observed rapid loss of ice in response to
recent warming of the atmosphere and ocean
around Greenland and West Antarctica indi-
cates that these ice sheets could be more vul-
nerable to warming than implied by ice sheet
models and hence could add significantly to
future sea level rise. As a consequence, the
IPCC could not give a “best estimate” or
upper bound for sea level rise.6

After the writing of the IPCC science
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The guiding principles of international efforts
to deal with climate change were established in
1992 in the United Nations Framework Conven-
tion on Climate Change, which was adopted in
Rio de Janeiro at the Earth Summit:“The ultimate
objective of this Convention and any related legal
instruments…is to achieve…stabilization of green-
house gas concentrations in the atmosphere at a
level that would prevent dangerous anthropo-
genic interference with the climate system. Such
a level should be achieved within a time-frame
sufficient to allow ecosystems to adapt naturally
to climate change, to ensure that food production
is not threatened and to enable economic devel-
opment to proceed in a sustainable manner.”

This is a powerful statement, as it contains a
legally binding requirement to prevent dangerous
changes. In practice, however, exactly what this
means remains undefined in international law.The
article is ambiguous, as it leaves open core ques-
tions such as dangerous to whom and to what.
What if food production increases in some
regions due to global warming and increased
CO2 concentration, as is projected for the north-
ern high latitudes, but decreases perhaps danger-
ously in other regions, as is projected for
low-latitude tropical regions such as Africa? Is
that dangerous within the meaning of the
convention? Answering such questions is funda-
mental to the development of a fair and equitable
global approach to climate change.

While most attention in debates about

climate change has focused on changes in
climate, it needs also to be noted that under
Article 2 “dangerous anthropogenic interference”
relates to the climate system as whole: changes
in ocean acidity due to human-induced CO2

increases that result in adverse changes in the
oceans and marine ecosystems could also be
deemed dangerous. University of Toronto clima-
tologist Danny Harvey has pointed that there are
important differences between terms such as
dangerous interference and dangerous climate
change. (For simplicity’s sake, however, these are
used synonymously in this chapter.)

Decisions as to what is “dangerous” funda-
mentally affect the rate, timing, and scale of emis-
sions reductions required regionally and globally
in the coming years and decades. If “dangerous
interference” is considered to begin only once
the global average temperature exceeds 4
degrees Celsius above the preindustrial level,
then it will be hard to justify urgent and stringent
mitigation action in the next 10–30 years, as
greenhouse gas emissions would not need to
peak until well after the 2050s before dropping.
If, on the other hand, warming of more than 2
degrees above preindustrial is deemed danger-
ous, then there is acute and urgent emphasis
on near-term emission actions leading to large
global emissions reductions of 80 percent or
more by 2050.

Source: See endnote 3.

Box 2–1. Preventing Dangerous Climate Change



report was completed, Stefan Rahmstorf of
the Potsdam Institute for Climate Impact
Research projected future sea level rise based
on the observed relationship between sea
level and temperature over the last century.
Using a similar range of emission and cli-
mate projections, he estimated a sea level rise
in the range of 0.5–1.4 meters above 1990
levels by 2100. More recent work indicates
that the increase during this century could be
even higher. In short, the evidence points to
a likelihood of meter-scale sea level rise by
2100, well above the top end of the range
quantified by the IPCC. Thus, much larger
risks to coastal zones and small islands seem
likely during this century than had previously
been estimated.7

There is much greater confidence now
than in earlier IPCC assessments in the
regional changes that can be expected in a
warmer world. Warming will be greatest in the
high north and in the interiors of the conti-
nents. Reduction in snow cover, a thawing of
permafrost, and decreases in the extent of
sea ice in both hemispheres can be expected.8

Weather extremes and water availability
are two of the most important projections in
terms of impacts on human and natural sys-
tems. More-frequent heat extremes and heat
waves, more-intense tropical cyclones, and
heavier precipitation and flooding can be
expected in many regions. Recent projec-
tions confirm that extreme high surface tem-
peratures will rise faster than global warming
and indicate a 10 percent chance of “dan-
gerously high” surface temperatures over 48
degrees Celsius every decade in much of the
world by 2100 if the global temperature
exceeds 4 degrees Celsius above the prein-
dustrial level.9

Precipitation can be expected to decrease
in most subtropical land regions but to
increase in the high latitudes. The IPCC
assessment found with “high confidence that

many semi-arid areas (e.g. Mediterranean
basin, western United States, southern Africa
and northeast Brazil) will suffer a decrease in
water resources due to climate change.” By
the 2050s it is projected that there will be less
annual river runoff and water availability in
dry regions in the mid-latitudes and tropics
but an increase in high-latitude regions and
in some tropical wet areas.

Especially Affected Systems,
Sectors, and Regions

For the first time the systems, sectors, and
regions most likely to suffer adverse effects
were identified in the latest IPCC report,
providing important details of risks, impacts,
and vulnerabilities at different levels of future
warming. The especially affected ecosystems
identified were tundra, boreal forest and
mountain regions, Mediterranean types, trop-
ical rainforests where precipitation declines,
coral reefs, mangroves and salt marshes, and
systems dependent on sea ice. A sector iden-
tified as of special concern is the health of vul-
nerable populations who have a low capacity
to adapt. As Hurricane Katrina and the Euro-
pean heat wave of 2003 showed, even in
high-income countries the poor, the elderly,
and young children can be particularly at risk
from climatic extremes.10

For sea ice, the IPCC projected a decrease
in both the Arctic and Antarctic under every
unmitigated emissions scenario, with sum-
mer sea ice in the Arctic disappearing almost
entirely toward the end of this century. This
would have far-reaching adverse consequences
for ice-dependent species and ecosystems as
well as speeding up the warming far into the
interior of the bordering continental regions
of Russia, Canada, and Alaska.11

Large losses of sea ice threaten the con-
tinued existence of polar bears. Based on the
projections available for the latest assessment,
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the IPCC predicted that this risk would occur
for a global warming of 2.5–3.0 degrees Cel-
sius above the preindustrial level. But it seems
clear that this threshold could be much lower,
as the observed rapid loss of summer ice
(about 9.1 percent a year for the 1979–2006
period) exceeds the projections in nearly all
the latest IPCC models.12

In already dry regions in the mid-latitudes,
in drier parts of the tropics (predominantly
developing countries), and in regions that
depend on melting snow and ice for river
and stream flows, water resources will be
adversely affected. Glaciers in regions such as
central Asia and the Himalaya and Tibetan
plateau are melting faster than expected.
Large adverse effects on water supply avail-
ability are predicted, threatening billions of
people with water insecurity. Developing
countries are not the only ones at risk. Seri-
ous water supply impacts have been seen in
Australia from the 2001–07 drought—the
most extreme and hottest drought recorded
for this continent. Water inflows into Aus-
tralia’s largest and most important river basin,
the Murray-Darling, are expected to decline
15 percent for each 1 degreeCelsius of warm-
ing, and dramatic and adverse impacts are
forecast for the water supply for large cities in
southeast Australia.13

Agriculture and food supply in low-latitude
regions, which are predominantly poor devel-
oping countries, are projected to be adversely
affected even at low levels of warming. Recent
climate trends, some of which can be attrib-
uted to human activities, appear to have had
a measurable negative impact on global pro-
duction of several major crops. In India, for
example, it is clear that agricultural produc-
tion has suffered due to a combination of
climate change and air pollution.14

Substantial to sometimes severe adverse
effects on food production, water supply, and
ecosystems are projected for sub-Saharan

Africa and small island developing states if the
average temperature reaches 1.5 degrees Cel-
sius above preindustrial level. Large river
deltas, such as those of the Nile in Africa and
of the Mekong and Ganges-Brahmaputra in
Asia, are particularly at risk as they are home
to large vulnerable populations and have a
high exposure to sea level rise, storm surges,
and river flooding.15

Tipping Points
Levels of warming that can trigger changes in
large-scale components of the climate sys-
tem, that can be irreversible for all practical
purposes, and that have large-scale adverse
consequences are often called tipping points.
If a tipping point is passed, then a subse-
quent cooling of the climate system would
likely not reverse the change. In some cases,
such as disintegration of the West Antarctic
ice sheet, the process would continue until a
new equilibrium is reached.16

Elements of the climate system that are sus-
ceptible to “tipping” include Arctic summer
sea ice (possible complete loss ), the Green-
land ice sheet (a meltdown would raise sea
level 6–7 meters over many centuries to mil-
lennia), the West Antarctic ice sheet (disin-
tegration would raise sea level 4–5 meters
over several centuries), the circulation of the
major Atlantic Ocean currents (risks of com-
plete shutdown, with cooling of Europe and
other adverse impacts), and the Amazon rain-
forest (risk of collapse due to warming and
rainfall reductions).

A recent assessment indicates that a sig-
nificant number of tipping points could be
approached if the climate warms more than
3 degrees Celsius over the preindustrial level.
Loss of the West Antarctic ice sheet is one
such element. Other tipping points could be
approached at warming levels over 1.5–2
degrees Celsius, such as the loss of the Green-
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land ice sheet. Arctic summer sea ice could be
lost at even lower levels of warming (0.8–2.6
degrees Celsius), and its rapid loss would
amplify warming in the adjacent continents,
accelerating permafrost decay.17

What Levels ofWarming
Might Be Safe?

Deciding what level of climate change is dan-
gerous and what might be safe is not a purely
scientific question. It involves normative and
political judgments about acceptable risks.
Science has, however, a fundamental role to
play in providing information and analysis
relevant to this question and has contributed
to policy and political debates on acceptable
levels of climate change since the 1980s.18

By the late 1980s the scientific community
had begun to recognize that a warming of
much more than 1–2 degrees Celsius over the
preindustrial level could lead to rapid and
adverse changes to many human and natural
systems. In 1986 the U.N. Environment Pro-
gramme set up an Advisory Group on Green-
house Gases, which in 1990 reported that a
2-degree warming could be “an upper limit
beyond which the risks of grave damage to
ecosystems, and of non-linear responses, are
expected to increase rapidly.” Also in the late
1980s the Enquete Komission, a joint com-
mittee of German parliamentarians and sci-
entists, sought to define acceptable limits.
Warming more than 0.1 degree Celsius per
decade was seen as especially risky to forest
ecosystems, with an overall acceptable max-
imum warming estimated to be 1–2 degrees
Celsius. In 1995 the German government’s
Global Change Advisory Council found that
2 degrees Celsius should be the upper limit
of “tolerable” warming.19

Efforts to define acceptable limits to warm-
ing at a political level started in the European
Union and among its member states. Based

on the IPCC’s Second Assessment Report
at the end of 1995, the European Union’s
Council of Environment Ministers in 1996
called for warming to be limited to 2 degrees
Celsius above the preindustrial level. Nearly
a decade later this position was confirmed
by European Union Heads of Government
after consideration and debate over the find-
ings of the IPCC’s 2001 Third Assessment
Report, as well as more recent scientific devel-
opments. Since 2005 other countries have
joined in calling for global mean warming to
be limited to 2 degrees: Chile, Iceland, Nor-
way, Switzerland, the Least Developed Coun-
tries, and Small Island Developing States.
The latter two groups of countries have
argued that 2 degrees may in fact be too
much warming if their safety and survival are
to be guaranteed.20

From the nongovernmental sector, the
Climate Action Network, which has worked
on climate change since 1989, has called for
warming to be limited to a peak increase as
far below 2 degrees Celsius as possible. It
also calls for warming to be reduced as fast as
possible from this peak. In 1997, based on a
review of risks identified in mid-1990s, Green-
peace International called for the long-term
committed increase of temperature to be lim-
ited to less than 1 degree Celsius above prein-
dustrial and for warming rates to be less than
0.1 degree Celsius per decade.21

Several groups of scientists who have
attempted to define a safe limit have also
endorsed the need to stop before warming by
2 degrees Celsius. In a 2007 paper, NASA’s
James Hansen and colleagues argued for a
limit of 1.7 degrees Celsius above preindus-
trial on the basis that potential changes above
this level—including irreversible loss of the
Greenland and Antarctic ice sheets and species
extinction—would be “highly disruptive.”
Following further analysis of ongoing cli-
mate changes and of Earth’s sensitivity to
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climate changes in the past, Hansen and his
colleagues called for an “initial” CO2 stabi-
lization level of 350 ppm, significantly below
present levels of close to 390 ppm. This
would produce a warming in the long term
of around 1 degree Celsius if the climate sen-
sitivity were close to the IPCC best estimate
of 3 degrees Celsius. The present CO2 level,
they argued, “is already too high to maintain
the climate to which humanity, wildlife, and
the rest of the biosphere are adapted.” One
implication of Hansen’s reasoning is that
warming may need to be lowered even from
this level in centuries to come in order to
reduce the risks of large-scale loss of ice from
the ice sheets.22

Taking into account uncertainties in the
sensitivity of the climate system to green-
house gas increases, climatologist Danny Har-
vey of the University of Toronto has argued
that even the present GHG concentration
levels may constitute dangerous interference
with the climate system. This would mean
that a “safe” warming limit would be below
1.3–1.4 degrees Celsius above the preindus-
trial level, given that the present GHG con-
centration levels would likely warm the planet
by about this amount once the world ocean
and climate systems fully respond to these
concentrations.23

The findings of the latest IPCC assess-
ment and more-recent studies strongly rein-
force the conclusions reached by all these
different groups that “safe” levels of warm-
ing lie at 2 degrees Celsius or below. Table
2–1 summarizes salient examples of highly sig-
nificant projected risks both below and above
that level of warming.24

It is clear from this overview that sub-
stantial risks, dangers, and damages are likely
across multiple sectors should global tem-
peratures warm 1.5–2 degrees Celsius above
the preindustrial level. Risks of extinction
and major ecosystem disruption are evident

at the low end of this range and increase
rapidly with the rising temperature. While
scientists are uncertain of the probability that
a warming in the range of 1.5–2 degrees Cel-
sius would destabilize the Greenland or West
Antarctic ice sheets, this would have very
large consequences if it did happen and hence
qualifies as a high risk that “is something
that should rather be avoided.”25

It is hard to avoid the conclusion that
even a warming of 2 degrees Celsius poses
unacceptable risks to key natural and human
systems. It is clearly not “safe” and would
not prevent, with high certainty, dangerous
interference with the climate system. From
thermal expansion of sea water alone, a
meter or more of sea level rise over cen-
turies cannot be excluded if there is a 2
degrees Celsius warming.

Furthermore, there is no “magic num-
ber” lower than 2 degrees Celsius that would
limit warming to safe levels with high confi-
dence. Warming in the range of 1.5–2 degrees
Celsius clearly contains a significant risk of
dangerous changes. Thus the amount of time
the climate system remains in this temperature
region should be minimized if it cannot be
prevented. Below 1.5 degrees Celsius, there
still appears to be a risk of dangerous changes.
And at even a 1 degree Celsius warming there
remains a risk of significant loss of ice from the
ice sheets as well as large damages to vulner-
able ecosystems.

Thus it does not appear possible to define
at present an ultimate warming limit that is
unambiguously safe or that undoubtedly
would prevent dangerous interference with
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A warming of 2 degrees Celsius is
clearly not “safe” and would not
prevent, with high certainty, dangerous
interference with the climate system.
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System 1.5–2.0 Degrees Celsius 2.0–2.5 Degrees Celsius > 2.5 Degrees Celsius

Ecosystems
and
biodiversity

Food
Production

Coastal
regions

Health

Table 2–1. Risks and Impacts at DifferentWarming Levels above Preindustrial Level

• 10–15 percent of species
assessed committed to extinc-
tion, and significant risks for
many biodiversity hotspots
• Sharply accelerating risk of
extinction for land birds, with
loss of 100–500 species per
degree of warming
• Evidence from observed
amphibian and reptile declines
“portend a planetary-scale
mass extinction”

•Widespread damages to coral
reef systems due to bleaching

• Observed larger-than-
expected losses of Arctic sea
ice indicate increasing risk of
extinction for the polar bear
• High extinction risk pro-
jected for the King Penguin,
with a reduction in adult sur-
vival of about 30 percent per
degree of warming

• Decreases in cereal produc-
tion for some crops in low-
latitude poor regions
• Risk of highly adverse and
severe impacts on food
production in someAfrican
countries
• Substantial risks to rice pro-
duction in Java and Bali

• Increased damages from
storms and floods, with up to 3
million additional people at
risk of coastal flooding

• Increasing burden from
malnutrition and from
diarrheal, infectious,
and cardiovascular

• 20–30 percent of
plant and animal
species assessed at
increased risk of
extinction
• Loss of 20–80
percent of Amazon
rainforest and its
biodiversity

•Widespread mor-
tality of corals

• High risk of extinc-
tion for the polar
bear due to pro-
jected loss of Arctic
sea ice

• Risk of decline in
crop yield globally

• Increasing damages

• Increasing damages

• Major losses of endemic
plants and animals in Southern
Africa, northeastern Australia

• Increasing damage to coral
reefs

• Significant decreases in crop
production of around 5 per-
cent for wheat and maize in
India and rice in China
• Agriculture losses of up 20
percent of GDP in low-lying
island states
• Recent review indicates that
increases in productivity pro-
jected in IPCC report for
warming of up to 2 degrees
Celsius may not occur

• Increasing damages

• Increasing damages
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System 1.5–2.0 Degrees Celsius 2.0–2.5 Degrees Celsius > 2.5 Degrees Celsius

Health,
continued

Water

Sea level rise

Table 2–1. continued

diseases, with increased mortal-
ity from heat waves, floods, and
droughts

• Many hundreds of millions
at risk of increased water stress
in Africa, Asia, and
Latin America

• Glacial area in the Himalaya
andTibetan plateau regions
could be reduced by 80
percent, adversely affecting
billions of people
•Transition to a more arid climate
in southwestern North America

• Greenland ice sheet risk of
irreversible meltdown for warm-
ing of 1.9–4.6 degrees Celsius
• New data from the last inter-
glacial period, 125,000 years ago,
indicates that average rates of
sea level rise in this period were
rapid, around 1.6 meters per
century

• Accelerating ice loss from
theWest Antarctic ice sheet
indicates risk of significant
sea level rise at low levels of
warming

• Commitment to minimum sea
level rise of 0.3–1.2 meters
over many centuries due to
thermal expansion (0.2–0.6
meters per degree Celsius of
global average warming)

• 2 billion at risk of
increased water stress
for warming over
2–2.5 degrees Celsius

• Loss of ice sheet
would raise sea level
by some 2–7 meters
over centuries to
millennia

• Increasing likelihood
of partial or complete
loss of theWest
Antarctic ice sheet,
raising sea level 1.5–5
meters over several
centuries to millennia

• New sea level
rise projections of
0.5–1.4 meters
above 1990 levels

• Increasing number at risk of
water stress

• Colorado River flow
reduced to unprecedented
levels that cannot be compen-
sated by increased reservoir
capacity or operating policies
for water supplies

• Increasing risk of Greenland
meltdown raising sea level;
rapid sea level rise from this
“cannot be excluded”

• Increasing risk

• New projections indicate
likely well above 0.5 meters
of sea level rise by 2100
• Commitment to minimum
sea level rise over many cen-
turies of 0.4–1.5 meters due
to thermal expansion irre-
spective of loss of the ice
sheets and glaciers, which
would only add to this risk

Source: See endnote 25.



the climate system. It would seem safest and
most prudent to reduce emissions fast enough
in the coming decades so that global warm-
ing can be stopped soon and as far below 2
degrees Celsius as possible. The warming
would then also need to be reduced as rapidly
as possible, aiming to get it below 1 degree
Celsius above preindustrial level—in other
words, to at most about one fifth of a degree
Celsius from where it is today.

Emission Pathways
That Could LimitWarming

to “Safe” Levels

Working out an emission path that would
limit warming to any particular level involves
accounting for a wide range of uncertainties
in the causal chain from emissions to con-
centration to radiative forcing (the warming
effect of changed concentrations in GHGs
and aerosols, gaseous suspensions of fine solid
or liquid particles that are associated with
most CO2 emissions, on the energy balance
of the lower atmosphere) to climate change.
Major uncertainties include the sensitivity of
the climate system to changes in GHG con-
centration, the rate at which the ocean takes
up heat from the atmosphere, the effects of
aerosols on radiative forcing, and the response
of the carbon cycle to changes in climate.26

In addition to scientific and technical
uncertainties, it is important to decide how
much confidence there needs to be that a
warming limit will be achieved—in other
words, how certain to be that specific risks and
damages will be avoided or prevented. The
emission pathways that are consistent with
limiting warming to, say, 2 degrees Celsius or
below with a 50 percent confidence are very
different, and higher, than those that would
do so with 90 percent confidence. (See Box
2–2 for how GHG concentration levels

change for different probabilities of limiting
warming to 2 degrees Celsius.) Before turn-
ing to the specific question of “safe” levels of
emissions, this section reviews some of the
important scientific aspects of generating an
emission pathway.27

The important greenhouse gases have
long lifetimes in the atmosphere, with large
fractions of emissions remaining there for
decades to centuries—and in some case, such
as CO2, for a thousand years or longer. Cut-
ting emissions of these long-lived gases there-
fore leads to only slow reductions in their
warming effect. Aerosols from human activ-
ities (principally sulfate compounds, organic
and black carbon, nitrates, and dust) have a
net cooling effect on the lower atmosphere
and offset some of the warming effect of the
long-lived GHGs.28

Aerosols have short lifetimes in the air,
on the order of days or weeks. Reducing
aerosol emissions thus has a rapid effect on
temperatures since aerosol concentrations
can drop quickly. The effect is so large that if
all combustion and other activities that emit
CO2 and lead to the production of aerosols
were cut to zero overnight, there would be
a sharp warming spike before temperatures
began to decline. The rapid drop in the con-
centration of aerosols would lead to a sudden
loss of their cooling effect, which would occur
faster than the slow reduction in the warm-
ing effect due to the much more slowly
declining greenhouse gas concentrations. In
realistic scenarios, when GHG emissions are
reduced, air pollutants are also reduced. This
leads to a more rapid reduction in aerosol
concentrations, including those related to
black carbon (suspended particles that absorb
heat and contribute to warming), than in the
greenhouse gas concentrations. As a conse-
quence, the drop in aerosol cooling leads to
a delay in the reduction of warming that
would otherwise occur.29

22 WWW.WORLDWATCH.ORG

STATE OF THE WORLD 2009

A Safe Landing for the Climate



WWW.WORLDWATCH.ORG 23

STATE OF THE WORLD 2009

A Safe Landing for the Climate

A further important property of the cli-
mate system that has to be accounted for in
devising a safe emission pathway is inertia.
Although the atmosphere responds quickly
to changes in greenhouse gas forcing, a sub-
stantial component of the overall response is
linked to the very long time scales of hun-
dreds to thousands of years that the ocean
takes to respond fully to the same climate
forcing changes. Once GHG concentrations
are stabilized, global mean temperature

would very likely also begin to stabilize after
several decades, though a further slight
increase is likely to occur over several cen-
turies. For sea level rise the inertia is even
larger, as thermal expansion of the ocean
continues for many centuries after GHG
concentrations have stabilized due the ongo-
ing heat uptake by oceans.30

The response of the carbon cycle to addi-
tions of fossil CO2 is also very long. Of 1,000
tons of fossil CO2 emitted now, after one cen-

Converting greenhouse gas concentrations to
temperature cannot be done with certainty, as
scientific knowledge of the sensitivity of the cli-
mate system is uncertain. Climate sensitivity is
defined as the global mean temperature increase
that would result in the long term after a
doubling of CO2 concentration above the prein-
dustrial level of about 278 ppm.This temperature
would be reached after a few hundred years,
when the climate system comes into balance
with the increased greenhouse gas concentra-
tion. The IPCC Fourth Assessment Report found
that this was higher than previously estimated.
It increased the “best” estimate from 2.5 to 3
degrees Celsius and the lower bound estimate
from 1.5 to 2 degrees Celsius, and it kept the
upper bound of 4.5 degrees Celsius unchanged
from earlier assessments.There is some possibil-
ity that the climate sensitivity could be higher
than 4.5 degrees.

Climate sensitivity is a vital number: if it were
low (1 degree Celsius), then CO2 levels could
perhaps be doubled to around a concentration of
550 ppm CO2 without causing large risks to many
systems. If it were high (4.5 degrees), a doubling
of CO2 concentration could lead to a potentially
catastrophic level of warming.

For stabilization of greenhouse gas concen-
trations at 550 ppm CO2, the best estimate of
the warming at equilibrium would be 3 degrees
Celsius.The uncertainty in scientists’ knowledge
of climate sensitivity means that there is a chance
the warming would be lower or higher than this.

Taking into account this uncertainty, there is
about a 75 percent risk that stabilizing green-
house gas concentrations at 550 ppm would lead
to warming exceeding 2 degrees Celsius.

Stabilizing at a lower level, 475 ppm CO2eq,
would reduce the risk to about 50 percent: in
other words, there would be about an even
chance that warming would stabilize at 2 degrees.
Risks of dangerous changes to the climate system
at this level could not be avoided with any confi-
dence. Finally, for a concentration pathway that
peaks at 475 ppm CO2eq and then drops to stabi-
lize at 400 ppm CO2eq, there would be about a
20 percent chance of exceeding 2 degrees Cel-
sius. If concentrations were reduced further, the
risk of exceeding 2 degrees would be lower still.

In 2005, atmospheric CO2 concentrations
were 379 ppm, and they are now over 382 ppm.
The IPCC best estimate of the total CO2-equiva-
lent concentration in 2005 for all long-lived
GHGs was about 455 ppm—and at the end of
2007 it was 460 ppm. For 2005, the most recent
year for which comprehensive figures are avail-
able, the “net” forcing, after taking into account
aerosols and other human-induced climate forc-
ing agents, was around 375 ppm CO2eq, or about
the same as the CO2 concentration.Aerosols
are short-lived; hence reductions of these lead
to rapid reductions in the net cooling effect,
whereas reductions in long-lived GHGs produce
only a slow reduction in the warming effect.

Source: See endnote 27.

Box 2–2.Greenhouse Gas Concentrations and GlobalWarming



A Safe Landing for the Climate

STATE OF THE WORLD 2009

24 WWW.WORLDWATCH.ORG

uncertainties in the response to a given emis-
sions path.32

The greenhouse gases covered in the
UNFCCC and the Kyoto Protocol, as well as
the ozone-depleting substances (also green-
house gases) covered in the Montreal Proto-
col, need to be accounted for in devising
emission pathways. The phaseout of these
latter gases also has a positive benefit for the
climate. Emissions of air pollutants affect
aerosol concentrations, including black car-
bon, and also affect concentrations of tro-
pospheric ozone, a short-lived GHG. All
these key climate forcings are included in
MAGICC 6.0.33

Emission pathways are usually expressed in
terms of CO2-equivalent emissions, where
the effects of non-CO2 gases—methane,
nitrous oxide, hydrofluorocarbons, perfluo-
rocarbons, and sulfur hexafluoride—are com-
pared using global warming potentials
calculated over a 100-year time frame, as in
the UNFCCC and Kyoto Protocol. This con-
vention is followed here.

Limiting the peak warming to less than 2
degrees Celsius will not be easy, and getting
it back below 1 degree Celsius will be even
harder, requiring a multicentury commit-
ment to action. The inertia in the response of
the climate system to rapid reductions in
GHGs and aerosols means that even stringent
short-term reductions in greenhouse gas
emissions will not ensure that peak warming
stays below about 1.6–1.8 degrees Celsius.
Reducing emissions fast enough to actually
lower the level of warming ultimately will be
as difficult as it is essential.34

The goal of the pathway in this chapter is
to show what might be a safe emission sce-
nario without requiring a full demonstra-
tion of technical feasibility. It could be argued
that the “safest” pathway is one that imme-
diately cuts emissions to very low levels. But
since that lacks technical and economic fea-

tury less than 500 tons would remain in the
atmosphere. The rate of uptake of fossil CO2
emissions by the world’s oceans slows rapidly
after a century or so; 1,000 years from now,
170–330 tons would remain in the atmos-
phere—and even after 10,000 years some
100–150 tons would remain. As David Archer,
a geologist from the University of Chicago
puts it, the lifetime of a fossil CO2 emission in
the atmosphere might best be described as
“300 years, plus 25% that lasts forever.”31

All these climate system processes and
factors need to be brought within an inte-
grated system model that accounts for the
interactions between emissions of green-
house gases and aerosol pollutants and the
responses and interactions among the dif-
ferent components of the climate system.
For the analysis here, a new version of the
simple climate-carbon cycle model MAG-
ICC has been used to comprehensively cap-
ture current scientific knowledge and
uncertainties in the response of the climate
system. MAGICC 6.0 has been calibrated
against, and can emulate, the higher com-
plexity Atmospheric Ocean General Circu-
lation models and carbon cycle models
reviewed in the latest IPCC assessment. And
it includes enhanced representations of
aerosol forcing, carbon cycle feedbacks,
ocean heat uptake, and climate sensitivity
behavior over time. Reduced complexity
models such as MAGICC are used as it is not
practical to run many different emissions
scenarios through a full climate system
model. And further, as no specific model is
a perfect representation of the climate system,
doing so would not describe the scientific

Limiting the peak warming to less
than 1 degree Celsius will require a
multicentury commitment to action.
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out this key component, CO2 concentra-
tions would drop only slowly, and warming
would likely remain well above 1.5 degrees
Celsius for many centuries.37

The possible need to stabilize CO2 at low
concentration levels to avoid dangerous cli-
mate changes has been recognized for a long
time, as has the need for negative CO2 emis-
sions if low CO2 stabilization levels are to be
reached. But evaluation of the implications of
the technologies required to achieve this is
only just beginning. In the low stabilization
studies, models rely on the capture of CO2
from biomass-fired power plants to essen-
tially draw CO2 out of the air so it can be
stored underground in stable geological reser-
voirs (referred to often as biomass energy
with carbon capture and storage, or BECS,
technology). Biofuel plantations grow plants
that take up CO2 from the air as they grow,
and if much of this is captured when the
plants are burned, the process effectively
pumps CO2 out of the air. The environmen-
tal and sustainability consequences of such a
strategy have yet to be fully evaluated. Air cap-
ture technology—taking CO2 out of the air
and storing it underground—has also been
proposed as a feasible technology.38

While reducing emissions from deforesta-
tion is important, the scale of potential uptake
of carbon in forests and agricultural soils is
unlikely to be sufficient to draw atmospheric
CO2 concentrations down significantly.
Recent results using the LPJ (Lund-Pots-
dam-Jena) land biosphere model—with sce-
narios of population increase, deforestation,
land use change, and agriculture from the
Dutch IMAGE 2.2 integrated assessment
model—indicate that under high environ-
mental sustainability assumptions (taking into
account the effects of increased CO2 and cli-
matic changes) the net uptake of carbon over
the twenty-first century would not increase
the additional carbon stored in terrestrial

sibility, such a pathway has little meaning.
The jet plane metaphor is again helpful.
Faced with a dire in-flight emergency, it
would be safest to be on the ground imme-
diately. In the real world, however, it takes
time to prepare the aircraft, get into a safe
configuration for descent and landing, and
find a safe runway to land on. Otherwise
the outcome would be an unmitigated dis-
aster—the plane would crash.

The approach taken here is to construct
a pathway whose achievement in practice is
plausible technically. It goes beyond the
technically and economically feasible path-
ways published elsewhere so far. No pathway
published to date brings warming below 1
degree Celsius. A few pathways could get
warming below 1.5 degrees Celsius by the
twenty-third century if the negative CO2
emissions at the end of the twenty-first cen-
tury in these scenarios were sustained for at
least 100 years.35

Recent research has demonstrated that it
is technically and economically feasible to
reduce CO2 emissions fast enough so that
GHG concentrations can be limited to around
400 ppm CO2eq, or to lower in the longer
term. Under these scenarios it is likely that
peak warming would occur close to, if not
below, 2 degrees Celsius. And in some cases
temperatures might slowly decline beyond
the twenty-first century. All these scenarios
require rapid fossil fuel CO2 emission reduc-
tions, approaching zero emissions between
2050 and 2100, along with rapid reductions
in deforestation.36

One very important finding is that in
order to reach low stabilization levels of
GHG concentrations, nearly all these sce-
narios require negative CO2 emissions by
the last quarter of the twenty-first century at
the latest. Without this it is impossible to
draw down atmospheric CO2 concentrations,
owing to the long lifetime of this gas. With-



ecosystems due to hu-
man activities enough
to outweigh the need
for negative emis-
sions from the energy
sector.39

Recent scenarios
that keep warming
below 2 degrees Cel-
sius and get to concen-
trations of around 400
ppm CO2eq or lower
reduce CO2 emissions
60–70 percent below
1990 levels and cut
total GHGs around
40–60 percent by
2050. And they have
negative CO2 emissions
in the range of 1 billon
to 8 billion tons of car-
bon per year in 2100. All would require
BECS.40

The emission pathway required to limit
warming to below 2 degrees Celsius with
higher confidence and at the same time
reduce warming rapidly to below 1 degree
Celsius (see Figure 2–1) would require a
more rapid reduction in emissions by 2050
than in the most recent scenarios, which have
already been at the limits of what models
indicate is feasible based on present techno-
logical assessments. Plausible additional mea-
sures to achieve this include a more rapid
reduction in fossil fuel emissions.

Getting fossil CO2 emissions down to close
to zero in 2050—which would be 25 years
earlier than in most low-stabilization scenar-
ios—would require an earlier and more mas-
sive global deployment of renewable energy
systems, accelerated energy efficiency mea-
sures, and a limit to the lifetime of coal power
plants. (See Chapter 4.) Deploying as-yet-
unproven carbon capture and storage (CCS)

technology after the mid-2020s may also
help. However, the expected large life-cycle
energy and emissions costs of CCS technol-
ogy indicate that it cannot be relied on to
reduce fossil CO2 emission to zero. The faster
that renewable energy systems can be scaled
up and deployed, the less will be needed of
CCS coal and gas power plants.41

In addition to action on fossil fuels, defor-
estation would need to be halted well before
2030, and there would need to be large-
scale efforts to store carbon in soils through
progress toward sustainable agriculture and
regrowing forests. (See Chapter 3.) The
reductions assumed here for emissions of
methane and nitrous oxide, two powerful
greenhouse gases, from agriculture and
industry are not taken significantly further
than can be found in the literature for low
scenarios. And the emission pathway is rela-
tively insensitive to the phaseout schedules for
emissions of ozone-depleting substances,
hydrofluorocarbons, perfluorcarbons, and
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Figure 2–1. CO2 Emissions from Fossil Fuels
through 2100, IPCC SRES (High) Scenario
and the Below 1 Degree Celsius Scenario
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sulfur hexafluoride.42

The resulting path-
way has Kyoto GHG
reductions of around
85 percent from 1990
levels by 2050 after
peaking before 2020.
(See Figure 2–2.) GHG
atmospheric concen-
trations drop below
today’s levels by the
mid twenty-second
century and toward the
preindustrial level by
the twenty-fourth cen-
tury. After the 2050s
this pathway also would
require the capture
from the atmosphere
and permanent storage
of initially around 2.5
billion tons of carbon a
year (about 9 billion
tons of CO2 per year)
for more than 200
years in order to draw
total GHG concentra-
tions down to below
300 ppm CO2eq. Global
temperatures should
peak below 2 degrees
Celsius around mid-
century and begin
a slow decline, drop-
ping to present levels
by the last half of the
twenty-third century
and to 1990s levels by
the end of the twenty-
fourth century. (See
Figure 2–3.) In Fig-
ures 2–2 and 2–3,
there are bands of pro-
jected levels due to
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Figure 2–2. Greenhouse Gas Atmospheric
Concentration through 2100, IPCC SRES (High)

Scenario and the Below 1 Degree Celsius Scenario
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uncertainties in the science.
The amount of carbon that would need to

be captured and stored to achieve all this
would be on the same order as that emitted
since the nineteenth century. As the amount
of additional carbon that can be taken up
and stored by the terrestrial biosphere due to
human activities is limited—assumed here to
be about 0.5 billion tons a year during much
of the latter part of the twenty-first century
and dropping to zero by 2200—the extrac-
tion of CO2 from the atmosphere would have
to be largely done using technologies similar
to those just mentioned.

Just as the effects of climate change pose
enormous long-term problems, a safe reso-
lution of the problem will require a commit-
ment to action that spans centuries. Returning
to warming levels significantly below 2
degrees Celsius implies the need for large
long-term extraction of CO2 from the air
and the storage of the captured carbon in
secure underground reservoirs, which will
need to be watched and managed over many
centuries, perhaps millennia. Extracting CO2
from the air appears to be a necessity that
must be confronted within the next 50 years.

From any perspective the consequences of
following an emissions pathway that keeps the
temperature increase below 1 degree Cel-
sius are quite radical and may be seen as
technologically, economically, and politically
close to impossible. But this needs to placed
against the also quite radical risks that global
warming poses if emissions are not reduced
to low levels.43

As difficult as this emissions pathway
seems, it is important to note that the low-
emissions scenarios reviewed by the IPCC
(all consistent with limiting warming to about
2 degrees Celsius) start out much like this
one. In the lowest scenarios, global emis-
sions need to peak before 2020. After that it
may not be possible for technologies to be

introduced fast enough to lower emissions at
the rate required to keep warming below 2
degrees Celsius. Delay in acting entails faster
rates of emissions reduction and significantly
increased costs to reach the goal. And it
might totally foreclose the ability to reduce
GHG concentrations to low levels once soci-
eties are locked into emission-intensive energy
sources and other infrastructure as well as
development pathways that are carbon-inten-
sive. Delay obviously also increases the risk of
more-severe climate change impacts.44

Once a global emission pathway is defined,
the next key question is, How much GHG
can countries emit and still be consistent with
global emissions limits? There are many pos-
sible ways to allocate emissions to countries
to meet global limits, and review of these is
beyond the scope of this chapter. Neverthe-
less it is useful here to point out the broad
implications of the 2 degrees Celsius emissions
pathway for different groups of countries in
the next decade and beyond.45

An indication of the required reductions
can be seen from the IPCC Fourth Assess-
ment Report, where the reductions for dif-
ferent regions from a range of models are
reviewed for different GHG stabilization sce-
narios. The lowest scenario was for stabiliza-
tion at 450 ppm CO2eq, far higher than the
CO2eq stabilization levels that would provide
a higher probability of keeping warming
below 2 degrees Celsius. Industrial-country
GHG reductions in 2020 were generally
required to be 25–40 percent below 1990 lev-
els. By 2050, reductions for these countries
would need to be 80–95 percent below 1990
levels. (The reductions refer to emission
allowances and hence do not necessarily indi-
cate the physical emissions levels of the coun-
tries in 2020 or 2050.) The exact reduction
for each industrial country depends on the
emission allocation system, individual cir-
cumstances, and other assumptions in the
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different models assessed.46

For developing countries, by 2020 there
would need to be a substantial reduction in
the growth of emissions in Latin America, the
Middle East, and East Asia (China and oth-
ers), but not in South Asia (including India)
or Africa. By then the wealthier developing
countries would need to reduce significantly
the growth in emissions from their business-
as-usual emissions. By the 2050s, all these
regions would have to substantially reduce
the growth in emissions. For the few sce-
narios available that stabilize GHG concen-
trations at 400 ppm CO2eq, which would
provide around a 75 percent chance of lim-
iting warming to below 2 degrees Celsius, the
emissions reductions in 2020 and 2050 are
quite similar to but a little lower than in the
higher scenarios.

Critical Priorities for the
Next 10Years

Halting the increase in global warming at far
below 2 degrees Celsius is possible, and low-
ering global warming as rapidly as possible to
below an increase of 1 degree Celsius appears
critical if there is to be a high probability of
preventing dangerous climate change. The

emissions reduction actions required to
achieve this are massive and appear to be at
the outer edge of what is technically and eco-
nomically feasible. Scenarios that can start
to get within reach of these temperature goals
require GHG emissions to peak before 2020
and then to drop toward 85 percent below
1990 levels by 2050, with further reductions
beyond this time.

To return to the metaphor of the heavy jet
aircraft facing an emergency, wherever the
aircraft is going to land it needs to start
preparing a long way out. Altitude needs to
be lost without excessive speed buildup, fuel
needs to be dumped and systems checked
and prepared for a landing, and all this must
be done quickly and expeditiously. As for cli-
mate policy, the vital preparation for a safe
landing—whether the final safe landing place
is a 2 degrees Celsius runway or a below 1
degree Celsius runway—is to halt the rise in
global emissions by 2020 and to start to put
in place the policies that can lower emissions.
For policymakers, these are the decisions that
must urgently be made at the end of 2009
when governments gather in Copenhagen
for the next Conference of the Parties to the
climate change convention.
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For more than a decade, thousands of low-
income farmers in northern Mindanao, the
Philippines, who grow crops on steep, defor-
ested slopes, have joined landcare groups to
boost food production and incomes while
reducing soil erosion, improving soil fertility,
and protecting local watersheds. They left
strips of natural vegetation to terrace their
slopes, enriched their soils, and planted fruit
and timber trees for income. And their com-
munities began conserving the remaining
forests in the area, home to a rich but threat-
ened biodiversity. Yet these farmers achieved
even more—their actions not only enriched
their landscapes and enhanced food security,
they also helped to “cool” the planet by cut-
ting greenhouse gas emissions and storing
carbon in soils and vegetation. If their actions
could be repeated by millions of rural com-
munities around the world, climate change
would slow down.1

Indeed, climate change and global food

security are inextricably linked. This was made
abundantly clear in 2008, as rioters from
Haiti to Cameroon protested the global “food
crisis.” The crisis partly reflected structural
increases in food demand from growing and
more-affluent populations in developing
countries and short-term market failures, but
it was also in part a reaction to increased
energy costs, new biofuel markets created by
legislation promoting alternative energy, and
climate-induced regional crop losses. More-
over, food and fiber production are leading
sources of greenhouse gas (GHG) emis-
sions—they have a much larger “climate foot-
print” than the transportation sector, for
example. Degradation and loss of forests and
other vegetative cover puts the carbon cycle
further off balance. Ironically, the land uses
and management systems that are accelerat-
ing GHG emissions are also undermining
the ecosystem services upon which long-term
food and fiber production depend—healthy
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watersheds, pollination, and soil fertility.2
This chapter explains why actions on cli-

mate change must include agriculture and
land systems and highlights some promising
ways to “cool the planet” via land use
changes. Indeed, there are huge opportuni-
ties to shift food and forestry production sys-
tems as well as conservation area management
to mitigate climate change in ways that also
increase sustainability, improve rural incomes,
and ease adaptation to a warming world.

The Need for Climate Action
on Agriculture and Land Use

Land is one fourth of Earth’s surface and it
holds three times as much carbon as the
atmosphere does. About 1,600 billion tons of
this carbon is in the soil as organic matter and
some 540–610 billion tons is in living vege-
tation. Although the volume of carbon on
Earth’s surface and in the atmosphere pales
in comparison to the many trillions of tons
stored deep under the surface as sediments,
sedimentary rocks, and fossil fuels, surface
carbon is crucial to climate change and life
due to its inherent mobility.3

Surface carbon moves from the atmos-
phere to the land and back, and in this
process it drives the engine of life on the
planet. Plants use carbon dioxide (CO2) from
the atmosphere to grow and produce food
and resources that sustain the rest of the
biota. When these organisms breathe, grow,
die, and eventually decompose, carbon is
released to the atmosphere and the soil. Car-
bon from this past life provides the fuel for
new life. Indeed, life depends on this har-
monized movement of carbon from one sink
to another. Large-scale disruption or changes
on land drastically alter the harmonious move-
ment of carbon.

Land use changes and fossil fuel burning
are the two major sources of the increased

CO2 in the atmosphere that is changing the
global climate. (See Box 3–1.) Burning fos-
sil fuel releases carbon that has been buried
for millions of years, while deforestation,
intensive tillage, and overgrazing release car-
bon from living or recently living plants and
soil organic matter. Some land use changes
affect climate by altering regional precipita-
tion patterns, as is occurring now in the Ama-
zon and Volta basins. Overall, land use and
land use changes account for around 31 per-
cent of total human-induced greenhouse gas
emissions into the atmosphere. Yet other
types of land use can play the opposite role.
Growing plants can remove huge amounts of
carbon from the atmosphere and store it in
vegetation and soils in ways that not only
stabilize the climate but also benefit food
and fiber production and the environment. So
it is imperative that any climate change mit-
igation strategy address this sector.4

Extensive action to influence land use is
also going to be essential to sustain food
and forest production in the face of climate
change. Agricultural systems have developed
during a time of relatively predictable local
weather patterns. The choice of crops and
varieties, the timing of input application,
vulnerability to pests and diseases, the tim-
ing of management practices—all these are
closely linked to temperature and rainfall.
With climate changing, production condi-
tions will change—and quite radically in
some places—which will lead to major shifts
in farming systems.

Climate scenarios for 2020 predict that in
Mexico, for example, 300,000 hectares will
become unsuitable for maize production,
leading to estimated yearly losses of $140
million and immense socioeconomic disrup-
tion. And in North America, the areas with the
optimum temperature for producing syrup
from maple trees are shifting northward, leav-
ing farmers in the state of Vermont at risk of
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yearly. Once it disappears, the Ganges will
become a seasonal river, depriving 40 per-
cent of India’s irrigated cropland and some
400 million people of water. The frequency,
intensity, and duration of rainfall are also likely

losing not only their signature product but
generations of culture and knowledge.5

The Gangotri glacier in the Himalayas,
which provides up to 70 percent of the water
in the Ganges River, is retreating 35 meters

Land Use Annual Emissions Greenhouse Gas Emitted

(million tons CO2 equivalent)

Agriculture 6,500

Soil fertilization (inorganic fertilizers and
applied manure) 2,100 Nitrous oxide*

Gases from food digestion in cattle (enteric
fermentation in rumens) 1,800 Methane*

Biomass burning 700 Methane, nitrous oxide*

Paddy (flooded) rice production (anaerobic
decomposition) 600 Methane*

Livestock manure 400 Methane, nitrous oxide*

Other (e.g., delivery of irrigation water) 900 Carbon dioxide, nitrous oxide*

Deforestation (including peat) 8,500

For agriculture or livestock 5,900 Carbon dioxide

Total 15,000

* The greenhouse gas impact of 1 unit of nitrous oxide is equivalent to 298 units of carbon dioxide; 1 unit of
methane is equivalent to 25 units of carbon dioxide.

Source: See endnote 4.

Carbon dioxide (77 percent), nitrous oxide (8
percent), and methane (14 percent) are the three
main greenhouse gases that trap infrared radia-
tion and contribute to climate change. Land use
changes contribute to the release of all three of
these greenhouse gases. (SeeTable.) Of the total
annual human-induced GHG emissions in 2004
of 49 billion tons of carbon-dioxide equivalent,
roughly 31 percent—15 billion tons—was from
land use. By comparison, fossil fuel burning
accounts for 27.7 billion tons of CO2-equivalent
emissions annually.

Deforestation and devegetation release car-
bon in two ways. First the decay of the plant mat-
ter itself releases carbon dioxide. Second, soil
exposed to the elements is more prone to ero-

sion. Subsequent land uses like agriculture and
grazing exacerbate soil erosion and exposure.
The atmosphere oxidizes the soil carbon, releas-
ing more carbon dioxide into the atmosphere.
Application of nitrogenous fertilizers leads to
soils releasing nitrous oxide. Methane is released
from the rumens of livestock like cattle, goats,
and sheep when they eat and from manure and
water-logged rice plantations.

Naturally occurring forest and grass fires
also contribute significantly to GHG emissions.
In the El Niño year of 1997–98, fires accounted
for 2.1 billion tons of carbon emissions . Due to
the unpredictability of these events, annual emis-
sions from this source vary from year to year.

Box 3–1.Greenhouse Gas Emissions from Land Use
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ply chains, could have significant success in
slowing climate change.

Making Agriculture and
Land Use Climate-friendly

and Climate-resilient

An agricultural landscape should simultane-
ously provide food and fiber, meet the needs
of nature and biodiversity, and support viable
livelihoods for people who live there. In terms
of climate change, landscape and farming
systems should actively absorb and store car-
bon in vegetation and soils, reduce emissions
of methane from rice production, livestock,
and burning, and reduce nitrous oxide emis-
sions from inorganic fertilizers. At the same
time, it is important to increase the resilience
of production systems and ecosystem ser-
vices to climate change.8

Many techniques are already available to
achieve climate-friendly landscapes. None is
a “silver bullet,” but in combinations that
make sense locally they can help the world
move decisively forward. This chapter
describes five strategies that are especially
promising: enriching soil carbon, creating
high-carbon cropping systems, promoting
climate-friendly livestock production sys-
tems, protecting existing carbon stores in
natural forests and grasslands, and restoring
vegetation in degraded areas. (See Figure
3–1.) Many other improvements will also
be needed for production systems to adapt to
climate change while meeting growing food
needs and commercial demands, such as
adapted seed varieties. But these five strate-
gies are highlighted because of their power-
ful advantage in mitigating climate change as
well as contributing broadly to more-sus-
tainable production systems and other ecosys-
tem services.9

Moreover, these strategies can help mobi-

to change, increasing production risks, espe-
cially in semiarid and arid rainfed production
areas. Monsoons will be heavier, more variable,
and with greater risk of flooding. An increased
incidence of drought threatens nearly 2 billion
people who rely on livestock grazing for part
of their livelihoods, particularly the 200 mil-
lion who are completely dependent on pastoral
systems. The incidence and intensity of nat-
ural fires is predicted to increase. 6

The poorest farmers who have little insur-
ance against these calamities often live and
farm in areas prone to natural disasters. More-
frequent extreme events will create both a
humanitarian and a food crisis.

On the other hand, climatic conditions
may improve in some places. In the high-
lands of East Africa, for example, rains may
become more reliable and growing seasons for
some crops may expand. The growing season
in northern latitudes in Canada and Russia
will extend as temperatures rise. Even in these
situations, however, there will be high costs
for adapting to new conditions, including
finding crop varieties and management that
are adapted to new climate regimes at this lat-
itude. The impacts on pest and disease
regimes are largely unknown and could off-
set any benefits. For instance, the Eastern
spruce budworm is a serious pest defoliating
North American forests. Changing climate is
shifting the geographic range of the warblers
that feed on the budworms, increasing the
odds for budworm outbreak.7

Many of the key strategies described in
this chapter for agricultural, forest, and other
land use systems to mitigate climate change—
that is, to reduce GHG emissions or increase
the storage of carbon in production and nat-
ural systems—also will help rural communi-
ties adapt to that change. Mobilizing action
for adaptation in these directions rather than
relying only on other types of interventions,
such as seed varieties or shifts in market sup-



more time-consuming or costly yet offer no
particular benefits to farmers or land man-
agers, and invest in the development of tech-
nologies and management systems that are
especially promising but not yet ready for
widespread use.

Enriching Soil Carbon
Soil has four components: minerals, water, air,
and organic materials—both nonliving and
living. The former comes from dead plant,
animal, and microbial matter while the living
organic material is from flora and fauna of the
soil biota, including living roots and microbes.
Together, living and nonliving organic mate-
rials account for only 1–6 percent of the soil’s
volume, but they contribute much more to its

lize a broad political coalition to support cli-
mate action by meeting the urgent needs of
farmers, grazers and rural communities, the
food industry, urban water users, resource-
dependent industries, and conservation orga-
nizations. They can help meet not only
climate goals but also internationally agreed
Millennium Development Goals and other
global environmental conventions.

Many of these approaches will be eco-
nomically self-sustaining once initial invest-
ments are made. It is important to implement
this agenda on a large scale in order to have
significant impacts on the climate. Key roles
that governments need to play are to mobi-
lize the financing and social organization
needed for these initial investments, develop
additional incentives for activities that are

Degraded soils are revegetated,
producing biochar; fertile soils
remain productive using organic
methods and reducing tillage.

Retaining forests and grasslands
maintains carbon sinks while
protecting watersheds.

Perennials, tree crops, and
other agroforestry methods
retain greater biomass in
the cropping system.

Rotational grazing minimizes
livestock impacts; biogas
digesters turn waste into
energy and organic fertilizer.

Figure 3–1.Multiple Strategies to Productively Absorb and Store Carbon
in Agricultural Landscapes
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increased soil carbon by 15–28 percent and
nitrogen content by 8–15 percent. The
researchers concluded that if the 65 million
hectares of corn and soybean grown in the
United States were switched to organic farm-
ing, a quarter of a billion tons of carbon
dioxide could be sequestered.13

The economics and productivity implica-
tions of these methods vary widely. In some
very intensive, high-yield cropping systems,
replacing some or all inorganic fertilizer may
require methods that use more labor or
require costlier inputs, but there is commonly
scope for much more efficient use of fertilizer
through better targeting and timing. In mod-
erately intensive systems, the use of organic
nutrient sources with small amounts of sup-
plemental inorganic fertilizer can be quite
competitive and attractive to farmers seeking
to reduce cash costs.14

Improvements in organic technologies
over the past few decades have led to com-
parable levels of productivity across a wide
range of crops and farming systems. The
question of whether organic farming can feed
the world, as some claim, remains contro-
versial. And more research is needed to under-
stand the potentials and limitations of
biologically based soil nutrient management
systems across the range of soil types and cli-
matic conditions. But there is little question
that farmers in many production systems can
already profitably maintain yields while using
much less nitrogen fertilizer—and with major
climate benefits.

Minimize soil tillage. Soil used to grow
crops is commonly tilled to improve the con-
ditions of the seed bed and to uproot weeds.
But tilling turns the soil upside down, expos-
ing anaerobic microbes to oxygen and suf-
focating aerobic microbes by working them
under. This disturbance exposes nonliving
organic matter to oxygen, releasing carbon
dioxide. Keeping crop residues or mulch on

productivity. The organic materials retain air
and water in the soil and provide nutrients
that the plants and the soil fauna depend on
for life. They are also reservoirs of carbon in
the soil.10

In fact, soil is the third largest carbon pool
on the planet. In the long term, agricultural
practices that amend soil carbon from year to
year through organic matter management
rather than depleting it will provide produc-
tive soils that are rich in carbon and require
fewer chemical inputs. New mapping tools,
such as the 2008 Global Carbon Gap Map
produced by the Food and Agriculture Orga-
nization, can identify areas where soil car-
bon storage is greatest and areas with the
physical potential for billions of tons of addi-
tional carbon to be stored in degraded soils.11

Enhance soil nutrients through organic
methods. Current use of inorganic fertilizers
is estimated at 102 million tons worldwide,
with use concentrated in industrial countries
and in irrigated regions of developing nations.
Soils with nitrogen fertilizers release nitrous
oxide, a greenhouse gas that has about 300
times the warming capacity of carbon diox-
ide. Fertilized soils release more than 2 billion
tons (in terms of carbon dioxide equivalent)
of greenhouse gases every year. One promis-
ing strategy to reduce emissions is to adopt
soil fertility management practices that
increase soil organic matter and siphon car-
bon from the atmosphere.12

Numerous technologies can be used to
substitute or minimize the need for inor-
ganic fertilizers. Examples include compost-
ing, green manures, nitrogen-fixing cover
crops and intercrops, and livestock manures.
Even improved fertilizer application methods
can reduce emissions. In one example of
organic farming, a 23-year experiment by the
Rodale Institute compared organic and con-
ventional cropping systems in the United
States and found that organic farming
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option to buy time while alternative energy
systems develop.17

Incorporate biochar. Decomposition of
plant matter is one way of enriching soil car-
bon if it takes place securely within the soil;
decomposition on the surface, on the other
hand, releases carbon into the atmosphere as
carbon dioxide. In the humid tropics, for
example, organic matter breaks down rapidly,
reducing the carbon storage benefits of
organic systems. Another option, recently
discovered, is to incorporate biochar—
burned biomass in a low-oxygen environ-
ment. This keeps carbon in soil longer and
releases the nutrients slowly over a long
period of time. While the burning does
release some carbon dioxide, the remaining
carbon-rich dark aromatic matter is highly
stable in soil. Hence planting fast-growing
trees in previously barren or degraded areas,
converting them to biochar, and adding them
to soil is a quick way of taking carbon from
the atmosphere and turning it into an organic
slow-release fertilizer that benefits both the
plant and the soil fauna.

Interestingly, between 500 and 2,500 years
ago Amerindian populations added incom-
pletely burnt biomass to the soil. Today, Ama-
zonian Dark Earths still retain high amounts
of organic carbon and fertility in stark contrast
to the low fertility of adjacent soils. There is
a global production potential of 594 million
tons of carbon dioxide equivalent in biochar
per year, simply by using waste materials such
as forest and milling residues, rice husks,
groundnut shells, and urban waste. Far more
could be generated by planting and convert-
ing trees. Initial analyses suggest that it could
be quite economical to plant vegetation for
biochar on idle and degraded lands, though
not on more highly productive lands.18

Most crops respond with improved yields
for biochar additions of up to 183 tons of car-
bon dioxide equivalent and can tolerate more

the surface helps soil retain moisture, prevents
erosion, and returns carbon to the soil
through decomposition. Hence practices that
reduce tillage also generally reduce carbon
emissions.15

A variety of conservation tillage practices
accomplish this goal. In nonmechanized sys-
tems, farmers might use digging sticks to
plant seeds and can manage weeds through
mulch and hand-weeding. Special mecha-
nized systems have been developed that drill
the seed through the vegetative layer and use
herbicides to manage weeds. Many farmers
combine no-till with crop rotations and green
manure crops. In Paraná, Brazil, farmers have
developed organic management systems com-
bined with no-till. No-till plots yielded a third
more wheat and soybean than conventionally
ploughed plots and reduced soil erosion by up
to 90 percent. No-till has the additional ben-
efit of reducing labor and fossil fuel use and
enhancing soil biodiversity—all while cycling
nutrients and storing carbon.16

Worldwide, approximately 95 million
hectares of cropland are under no-till man-
agement—a figure that is growing rapidly,
particularly as rising fossil fuel prices increase
the cost of tillage. The actual net impacts on
greenhouse gases of reduced emissions and
increased carbon storage from reduced tillage
depend significantly on associated practices,
such as the level of vegetative soil cover and
the impact of tillage on crop root develop-
ment, which depends on the specific crop
and soil type. It is projected that the carbon
storage benefits of no-till may plateau over the
next 50 years, but this can be a cost-effective

In Paraná, Brazil, no-till plots yielded a
third more wheat and soybean than
conventionally ploughed plots and
reduced soil erosion by up to 90 percent.
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But achieving a high-carbon cropping sys-
tem, as well as the year-round vegetative
cover required to sustain soils, watersheds,
and habitats, will require diversification and
the incorporation of a far greater share of
perennial plants.21

Perennial grains. Currently two thirds
of all arable land is used to grow annual
grains. This production depends on tilling,
preparing seed beds, and applying chemical
inputs. Every year the process starts over
again from scratch. This makes production
more dependent on chemical inputs, which
also require a lot of fossil fuels to produce.
Furthermore, excessive application of nitro-
gen fertilizer is a major source of nitrous
oxide emissions, as noted earlier.22

In contrast, perennial grasses retain a
strong root network between growing sea-
sons. Hence, a good amount of the living bio-
mass remains in the soil instead of being
released as greenhouse gases. And they help
hold soil organic matter and water together,
reducing soil erosion and GHG emissions.
Finally, the perennial nature of these grasses
does away with the need for annual tilling that
releases GHGs and causes soil erosion, and it
also makes the grasses more conservative in
the use of nutrients. In one U.S. case, for
example, harvested native hay meadows
retained 179 tons of carbon and 12.5 tons of
nitrogen in a hectare of soil, while annual
wheat fields only retained 127 tons of carbon
and 9.6 tons of nitrogen. This was despite the
fact that the annual wheat fields had received
70 kilograms of nitrogen fertilizer per hectare
annually for years.23

Researchers have already developed peren-
nial relatives of cereals (rice, sorghum, and
wheat), forages (intermediate wheatgrass,
rye), and oilseeds (sunflower). In Washing-
ton state, some wheat varieties that have
already been bred yield over 70 percent as
much as commercial wheat. Domestication

without declining productivity. Advocates
calculate that if biochar additions were applied
at this rate on just 10 percent of the world’s
cropland (about 150 million hectares), this
method could store 29 billion tons of CO2-
equivalent, offsetting nearly all the emissions
from fossil fuel burning.19

Creating High-carbon
Cropping Systems

Plants harness the energy of the sun and
accumulate carbon from the atmosphere to
produce biomass on which the rest of the
biota depend. The great innovation of agri-
culture 10,000 years ago was to manage the
photosynthesis of plants and ecosystems so as
to dependably increase yields. With 5 billion
hectares of Earth’s surface used for agricul-
ture (69 percent under pasture and 28 per-
cent in crops) in 2002, and with half a billion
more hectares expected by 2020, agricultural
production systems and landscapes have to
not only deliver food and fiber but also sup-
port biodiversity and important ecosystem
services, including climate change mitiga-
tion. A major strategy for achieving this is to
increase the role of perennial crops, shrubs,
trees, and palms, so that carbon is absorbed
and stored in the biomass of roots, trunks, and
branches while crops are being produced.
Tree crops and agroforestry maintain signif-
icantly higher biomass than clear-weeded,
annually tilled crops.20

Although more than 3,000 edible plant
species have been identified, 80 percent of
world cropland is dominated by just 10
annual cereal grains, legumes, and oilseeds.
Wheat, rice, and maize cover half of the
world’s cropland. Since annual crops need
to be replanted every year and since the
major grains are sensitive to shade, farmers
in much of the world have gradually
removed other vegetation from their fields.
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in agricultural systems in forest ecosystems
and is being newly introduced into present-
day subsistence and commercial systems. The
highest carbon storage results are found in
“multistory” agroforestry systems that have
many diverse species using ecological
“niches” from the high canopy to bottom-
story shade-tolerant crops. Examples are
shade-grown coffee and cocoa plantations,
where cash crops are grown under a canopy
of trees that sequester carbon and provide
habitats for wildlife. Simple intercrops are
used where tree-crop competition is minimal
or where the value of tree crops is greater
than the value of the intercropped annuals or
grazing areas, or as a means to reduce mar-
ket risks. Where crops are adversely affected
by competition for light or water, trees may
be grown in small plots in mosaics with crops.
Research is also under way to develop low-
light-tolerant crop varieties. And in the Sahel,
some native trees and crops have comple-
mentary growth patterns, avoiding light com-
petition all together.25

While agroforestry systems have a lower
carbon storage potential per hectare than
standing forests do, they can potentially be
adopted on hundreds of millions of hectares.
And because of the diverse benefits they offer,
it is often more economical for farmers to
establish and retain them. A Billion Tree
Campaign to promote agroforestry was
launched at the U.N. climate convention
meeting in Nairobi in 2006. Within a year and
a half the program had shattered initial expec-
tations and mobilized the planting of 2 bil-
lion trees in more than 150 countries. Half
the plantings occurred in Africa, with 700 mil-
lion in Ethiopia alone. By taking the lead
from farmers and communities on the choice
of species, planting location, and manage-
ment, and by providing adequate technical
support to ensure high-quality planting mate-
rials and methods, these initiatives can ensure

work is under way for a number of lesser
known perennial native grasses, and many
more perennials offer unique and exciting
opportunities.24

Shifting production systems from annual
to perennial grains should be an important
research priority for agriculture and crop
breeding, but significant research challenges
remain. Breeding perennial crops takes longer
than annuals due to longer generation times.
Since annuals live for one season only, they
give priority to seeds over vegetative growth,
making yield improvement in annuals easier
than in perennials that have to allocate more
resources to vegetative parts like roots in
order to ensure survival through the winter.
But in the quest for high-carbon agricultural
systems, plants that produce more biomass are
a plus. Through breeding, it may also be
possible to redirect increased biomass content
to seed production.

Agroforestry intercrops. Another method
of increasing carbon in agriculture is agro-
forestry, in which productive trees are planted
in and around crop fields and pastures. The
tree species may provide products (fruits,
nuts, medicines, fuel, timber, and so on),
farm production benefits (such as nitrogen fix-
ation for crop fertility, wind protection for
crops or animals, and fodder for animals),
and ecosystem services (habitat for wild pol-
linators of crops, for example, or micro-cli-
mate improvement). The trees or other
perennials in agroforestry systems sequester
and store carbon, improving the carbon con-
tent of the agricultural landscape.

Agroforestry was common traditionally

A BillionTree Campaign launched in
2006 shattered initial expectations
and mobilized the planting of 2 billion
trees in more than 150 countries.
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lyptus in some dry areas of Ethiopia.28

Shifting biofuel production from annual
crops (which often have a net negative impact
on GHG emissions due to cultivation, fertil-
ization, and fossil fuel use) to perennial alter-
natives like switchgrass offers a major new
opportunity to use degraded or low-produc-
tivity areas for economically valuable crops
with positive ecosystem impacts. But this will
require a landscape approach to biofuels plan-
ning in order to use resources sustainably,
enhance overall carbon intensity in the land-
scape, and complement other key land uses
and ecosystem services.29

Promoting Climate-friendly
Livestock Production

Domestic livestock—cattle, pigs, sheep, goats,
poultry, donkeys, and so on—account for
most of the total living animal biomass world-
wide. A revolution in livestock product con-
sumption is under way as developing countries
adopt western diets. Meat consumption in
China, for example, more than doubled in the
past 20 years and is projected to double again
by 2030. This trend has triggered the rise of
huge feedlots and confined dairies around
most cities and the clearing of huge areas of
land for low-intensity grazing. Livestock also
produce prodigious quantities of greenhouse
gases: methane (from fermentation of food in
the largest part of an animal’s stomach and
from manure storage), nitrous oxide (from
denitrification of soil and the crust on manure
storage), and carbon (from crop, animal, and
microbial respiration as well as fuel combus-
tion and land clearing).30

Livestock now account for 50 percent of
the emissions from agriculture and land use
change. Remarkably, annual emissions from
livestock total some 7.1 billion tons (includ-
ing 2.5 billion tons from clearing land for the
animals), accounting for about 14.5 per-

that the trees will thrive and grow long
enough and large enough to actually store a
significant amount of carbon.26

Tree crop alternatives for food, feed, and
fuel. In a prescient book in 1929, Joseph
Russell Smith observed the ecological vul-
nerabilities of annual crops and called for “A
Permanent Agriculture.” This work high-
lighted the diversity of tree crops in the
United States that could substitute for annual
crops in producing starch, protein, edible
and industrial oils, animal feed, and other
goods as well as edible fruits and nuts—if
only concerted efforts were made to develop
genetic selection, management, and process-
ing technologies. Worldwide, hundreds of
indigenous species of perennial trees, shrubs,
and palms are already producing useful prod-
ucts for regional markets but have never been
subject to systematic efforts of tree domesti-
cation and improvement or to market devel-
opment. Since one third of the world’s annual
cereal production is used to feed livestock,
finding perennial substitutes for livestock feed
is especially promising.27

Exciting initiatives are under way with
dozens of perennial species, mainly tapping
intra-species diversity to identify higher-
yielding, higher-quality products and devel-
oping rapid propagation and processing
methods to use in value-added products.
For example, more than 30 species of trees,
shrubs, and liane in West Africa have been
identified as promising for domestication
and commercial development. Commercial-
scale initiatives are under way to improve
productivity of the Allanblackia and muiri
(Prunus africanus) trees, which can be incor-
porated into multistrata agroforestry sys-
tems to “mimic” the natural rainforest
habitat. Growing trees at high densities is
not, however, recommended in dry areas
not naturally forested, as this may cause
water shortages, as has happened with euca-



cent of emissions from human activities.
Indeed, a cow/calf pair on a beef farm are
responsible for more GHG emissions in a
year than someone driving 8,000 miles in a
mid-size car.31

Serious action on climate will almost cer-
tainly have to involve reducing consumption
of meat and dairy by today’s major consumers
and slowing the growth of demand in devel-
oping countries. No such shift seems likely,
however, without putting a price on the cost
of emissions. Meanwhile, some solutions are
at hand to reduce emissions of greenhouse
gases by existing herds.

Intensive rotational grazing. Innova-
tive grazing systems offer alternatives to
both extensive grazing systems and con-
fined feedlots and dairies, greatly reducing
net GHG emissions while increasing pro-
ductivity. Conventional thinking says that
the current number of livestock far exceeds
the carrying capacity of a typical grazing
system. But in many circumstances, this
reflects poor grazing management practices
rather than numbers.

Research shows that grasslands can sus-
tainably support larger livestock herds
through intensive management of herd rota-
tions to allow proper regeneration of plants
after grazing. By letting the plants recover, the
soil organic matter and carbon are protected
from erosion, while livestock productivity is
maintained or increased. For example, a
4,800-hectare U.S. ranch using intensive
rotational grazing tripled the perennial species
in the rangelands while almost tripling beef
production from 66 kilograms to 171 kilo-
grams per hectare. Various types of rotational
grazing are being successfully practiced in
the United States, Australia, New Zealand,
parts of Europe, and southern and eastern
Africa. Large areas of degraded rangeland
and pastures around the world could be
brought under rotational grazing to enable

sustainable livestock production.32

Rotational grazing also offers a viable
alternative to confined animal operations.
A major study by the U.S. Department of
Agriculture compared four temperate dairy
production systems: full-year confinement
dairy, confinement with supplemental graz-
ing, outdoor all-year and all-perennial grass-
land dairy, and an outdoor cow-calf
operation on perennial grassland. The over-
all carbon footprint was much higher for
confined dairy than for grazing systems,
mainly because carbon sequestration in the
latter is much higher even though carbon
emissions are also higher. The researchers
concluded that some of the best ways to
improve the GHG footprint of intensive
dairy and meat operations are to improve
carbon storage in grass systems, use higher-
quality forage, eliminate manure storage,
cover manure storage, increase meat or milk
production per animal, and use well-man-
aged rotational grazing.33

Feed supplements to reduce methane emis-
sions. Methane produced in the rumen (the
first stomach of cattle, sheep, and goats and
other species that chew the cud) account for
about 1.8 billion tons of CO2-equivalent
emissions. Nutrient supplements and innov-
ative feed mixes have been developed that can
reduce methane production by 20 percent,
though these are not yet commercially viable
for most farmers. Some feed additives can
make diets easier for animals to digest and
reduce methane emissions. These require
fairly sophisticated management, so they are
mainly useful in larger-scale livestock opera-
tions (which are, in any case, the main sources
of methane emissions).34

Advanced techniques being developed for
methane reduction also include removing
specific microbial organisms from the ani-
mal’s rumen or adding other bacteria that
actually reduce gas production there. Research
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is also under way to develop vaccines against
the organisms in the stomach that produce
methane.35

Biogas digesters for energy. Manure is a
major source of methane, responsible for
some 400 million tons of CO2-equivalent.
And poor manure management is a leading
source of water pollution. But it is also an
opportunity for an alternative fuel that
reduces a farm’s reliance on fossil fuels. By
using appropriate technologies like an anaer-
obic biogas digester, farmers can profit from
their farm waste while helping the climate.
A biogas digester is basically a tempera-
ture-controlled air-tight vessel. Manure (or
food waste) is fed into this vessel, where
microbial action breaks it down into
methane or biogas and a low-odor, nutrient-
rich sludge. The biogas can be burned for
heat or electricity, while the sludge can be
used as fertilizer.36

Some communities in developing coun-
tries are already using manure to produce
cooking fuel. By installing anaerobic
digesters, a large pile of manure can be used
to produce biogas as well as fertilizer for
farms. Even collecting the methane and
burning it to convert it to carbon dioxide will
be an improvement, as methane has 25 times
the global warming potential of carbon diox-
ide, molecule for molecule, over a 100-year
period. And the heat this generates can be
used to produce electricity. By thinking cre-
atively, previously undervalued and danger-
ous wastes can be converted into new
sources of energy, cost savings, and even
income. Biogas digesters involve an initial
cash investment that often needs to be
advanced for low-income producers, but
lifetime benefits far outweigh costs. This
technology could be extended to millions of
farmers with benefits for the climate as well
as for human well-being through expanded
access to energy.37

Biogas can even contribute to commercial
energy. In 2005, for instance, the Penn Eng-
land dairy farm in Pennsylvania invested
$141,370 in a digester to process manure and
$135,000 in a combined heat and power
unit, with a total project cost of $1.14 mil-
lion to process the manure from 800 cows.
Now the farm makes a profit by using the
biogas to generate 120 kilowatt-hours of
electricity to sell back to the local utility, at
3.9¢ per kilowatt-hour. The system also pro-
duces sufficient heat to power the digester
itself, make hot water, and heat the barns and
farm buildings.38

Protecting Existing Carbon
Stores in Natural Forests

and Grasslands

The world’s 4 billion hectares of forests and
5 billion hectares of natural grasslands are a
massive reservoir of carbon—both in vegeta-
tion and root systems. As forests and grass-
lands continue to grow, they remove carbon
from the atmosphere and contribute to cli-
mate change mitigation. Intact natural forests
in Southeast Australia hold 640 tons of car-
bon per hectare, compared with 217 tons
on average for temperate forests. Thus avoid-
ing emissions by protecting existing terrestrial
carbon in forests and grasslands is an essen-
tial element of climate action.39

Reduce deforestation and land clearing.
Massive deforestation and land clearing are
releasing stored carbon back into the atmos-
phere. Between 2000 and 2005, the world
lost forest area at a rate of 7.3 million
hectares per year. For every hectare of for-
est cleared, between 217 and 640 tons of
carbon are added to the atmosphere,
depending upon the type of vegetation.
Deforestation and land clearing have many
different causes—from large-scale, organized
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ments agreed to a two-year negotiation
process that would lead to adoption of a
mechanism for Reducing Emissions from
Deforestation and Degradation (REDD) after
2012. Implementation of any eventual REDD
mechanism will pose major methodological,
institutional, and governance challenges, but
numerous initiatives are already under way to
begin addressing these.41

A second incentive for conservation is
product certification, whereby agricultural
and forest products are labeled as having
been produced without clearing natural habi-
tats or in mosaic landscapes that conserve a
minimum area of natural patches. For exam-
ple, the Biodiversity and Agricultural Com-
modities Program of the International
Finance Corporation seeks to increase the
production of sustainably produced and ver-
ified commodities (palm oil, soy, sugarcane,
and cocoa), working closely with commod-
ity roundtables and their members, regula-
tory institutions, and policymakers. While
the priority focus is on conservation of bio-
diversity, this initiative will have significant cli-
mate impacts as well, due to its focus on
protecting existing carbon vegetative sinks
from conversion, developing standards for
sustainable biofuels, and establishing certifi-
cation systems.42

A third approach is to secure local tenure
rights for communal forests and grasslands
so that local people have an incentive to man-
age these resources sustainably and can pro-
tect them from outside threats like illegal
commercial logging or land grabs for agri-
culture. A study in 2006 of 49 community for-
est management cases worldwide found that
all the initiatives that included tenure security
(admittedly a small number) were successful
but that only 38 percent of those without it
succeeded. Diverse approaches and legal
arrangements are being used to strengthen
tenure security and local governance capacity.43

clearing for agricultural use and infrastruc-
ture to the small-scale movement of mar-
ginalized people into forests for lack of
alternative farming or employment oppor-
tunities or to the clearing of trees for com-
mercial sale of timber, pulp, or woodfuel. In
many cases the key drivers are outside the
productive land use sectors—the result of
public policies in other sectors, such as con-
struction of roads and other infrastructure,
human settlements, or border control.40

Unlike many of the other climate-miti-
gating land use actions described in this chap-
ter, protecting large areas of standing natural
vegetation typically provides fewer short-
term financial or livelihood benefits for
landowners and managers, and it may indeed
reduce their incomes or livelihood security.
The solution sometimes lies in regulation,
where there is strong enforcement capacity,
as with Australia’s laws restricting the clear-
ance of natural vegetation. But in many areas
the challenge is to develop incentives for con-
servation for the key stakeholders.

Several approaches are being used. One is
to raise the economic value of standing forests
or grasslands by improving markets for sus-
tainably harvested, high-value products from
those areas or by paying land managers
directly for their conservation value. Current
international negotiations are exploring the
possibility of compensating developing coun-
tries for leaving their forests intact or improv-
ing forest management. During the
Conference of the Parties to the climate con-
vention in Bali in December 2007, govern-

Current international negotiations
are exploring the possibility of
compensating developing countries
for leaving their forests intact or
improving forest management.
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greenhouse gas emissions. Moreover, due to
some early effects of climate change, impor-
tant habitats for wildlife are shifting out of
protected areas. Plants are growing in higher
altitudes as they seek cooler temperatures,
while birds have started altering their breed-
ing times. Larger and geographically well dis-
tributed areas thus need to be put under
some form of protection.

This need not always be through public
protected areas. At least 370 million hectares
of forest and forest-agriculture landscapes
outside official protected areas are already
under local conservation management, while
half of the world’s 102,000 protected areas
are in ancestral lands of indigenous and other
communities that do not want to see them
developed. Conservation agencies and com-
munities are finding diverse incentives for
protecting these areas, from the sustainable
harvesting of foods, medicines, and raw mate-
rials to the protection of locally important
ecosystem services and religious and cultural
values as well as opportunities for nature
tourism income. Supporting these efforts to
develop and sustain protected area networks,
including public, community, and private
conservation areas, can be a highly effective
way to reduce and store greenhouse gases.46

RestoringVegetation
in Degraded Areas

Extensive areas of the world have been
denuded of vegetation from large-scale land
clearing for annual crops or grazing and from
overuse and poor management in community
and public lands with weak governance. This
is a tragic loss, from multiple perspectives.
People living in these areas have lost a poten-
tially valuable asset for the production of ani-
mal fodder, fuel, medicines, and raw materials.
Gathering such materials is an especially
important source of income and subsistence

Reduce uncontrolled forest and grassland
burning. Biomass burning is a significant
source of carbon emissions, especially in devel-
oping countries. Controlled biomass burning
in the agricultural sector, on a limited scale,
can have positive functions as a means of
clearing and rotating individual plots for crop
production; in some ecosystems, it is a healthy
means of weed control and soil fertility
improvement. In a number of natural ecosys-
tems, such as savanna and scrub forests, wild
fires can help maintain biotic functions, as in
Australia. In many tropical forest ecosystems,
however, fires are mostly set by humans and
environmentally harmful—killing wildlife,
reducing habitat, and setting the stage for
more fires by reducing moisture content and
increasing combustible materials. Even where
they can be beneficial from an agricultural per-
spective, fires can inadvertently spread to nat-
ural ecosystems, opening them up for further
agricultural colonization.44

Systems are already being put in place to
track fires in “real time” so that governments
and third-party monitors can identify the
people responsible. In the case of large-scale
ranchers and commodity producers, better
regulatory enforcement is needed, along with
alternatives to fire for management purposes.
For small-scale, community producers, the
most successful approaches have been to link
fire control with investments in sustainable
intensification of production, in order to
develop incentives within the community to
protect investments from fire damage. These
“social controls” have been effectively used to
generate local rules and norms around the use
of fire, as in Honduras and The Gambia.45

Manage conservation areas as carbon
sinks. Protected conservation areas provide a
wide range of benefits, including climate reg-
ulation. Just letting these areas stand not
only helps the biodiversity within, it also
stores the carbon, avoiding major releases in



for low-income rural people. For example,
researchers found in Zimbabwe that 24 per-
cent of the average total income of poor
farmers came from gathering woodland prod-
ucts. At the same time, the loss of vegetation
seriously threatens ecosystem services, par-
ticularly watershed functions and wildlife
habitat.47

Efforts to restore degraded areas can thus
be “win-win-win” investments. Although
there may be fewer tons of CO2 sequestered
per hectare from restoration activities, millions
of hectares can be restored with low oppor-
tunity costs and strong local incentives for par-
ticipation and maintenance.

Revegetate degraded watersheds and
rangelands. Hydrologists have learned that
“green water”—the water stored in vegetation
and filtrating into soils—is as important as
“blue water” in streams and lakes. When rain
falls on bare soils, most is lost as runoff. In
many of the world’s major watersheds, most
of the land is in productive use. Poor vege-
tative cover limits the capacity to retain rain-
fall in the system or to filter water flowing into
streams and lakes and therefore accelerating
soil loss. From a climate perspective, lands
stripped of vegetation have lost the potential
to store carbon. Landscapes that retain year-
round vegetative cover in strategically selected
areas and natural habitat cover in critical
riparian areas can maintain most, if not all, of
various watershed functions, even if much of
the watershed is under productive uses.48

With rapid growth in demand for water
and with water scarcity looming in many
countries (in part due to climate change),
watershed revegetation is now getting serious
policy attention. Both India and China have
large national programs targeting millions of
hectares of forests and grasslands for reveg-
etating, and they see these as investments to
reduce rural poverty and protect critical water-
sheds. In most cases, very low-cost methods

are used for revegetation, mainly temporary
protection to enable natural vegetation to
reestablish itself without threat of overgraz-
ing or fire. For example, in Morocco 34 pas-
toral cooperatives with more than 8,000
members rehabilitated and manage 450,000
hectares of grazing reserves. On highly
degraded soils, some cultivation or reseeding
may be needed. Two keys to success in these
approaches are to engage local communities
in planning, developing, and maintaining
watershed areas and to include rehabilitation
of areas of high local importance, such as
productive grazing lands, local woodfuel
sources, and areas like gullies that can be
used for productive cropping.49

In Rajasthan, India, for example, com-
munity-led watershed restoration programs
have reinstated more than 5,000 traditional
johads (rainwater storage tanks) in over 1,000
villages, increasing water supplies for irriga-
tion, wildlife, livestock, and domestic use
and recharging groundwater. In Niger, a
“regreening” movement, using farmer-man-
aged natural regeneration and simple soil
and water conservation practices, reversed
desertification, increased tree and shrub cover
10- to 20-fold, and reclaimed at least
250,000 hectares of degraded land for crops.
Over 25 years, at least a quarter of the coun-
try’s farmers were involved in restoring about
5 million hectares of land, benefiting at least
4.5 million people through increased crop
production, income, and food security.
Extending the scale of such efforts could
have major climate benefits, with huge advan-
tages as well for water security, biodiversity,
and rural livelihoods.50

Reestablish forest and grassland cover in
biological corridors. Loss and fragmentation
of natural habitat are leading threats to bio-
diversity worldwide. Conservation biologists
have concluded that in many areas conserva-
tion of biodiversity will require the estab-
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lishment of “biological corridors” through
production landscapes, to connect fragments
of natural habitat and protected areas and to
give species access to adequate territory and
sources of food and water. One key strategy
is to reestablish forest or natural grassland
cover (depending on the ecosystem) to play
this ecological role. These reforestation efforts
also have major climate benefits.

In Brazil’s highly threatened Atlantic For-
est, for example, conservation organizations
working in the Desengano State Park struck
a deal with dairy farmers to provide techni-
cal assistance to improve dairy-farm produc-
tivity in exchange for the farmers reforesting
part of their land and maintaining it as a con-
servation easement. Milk yields tripled and
farmers’ incomes doubled, while a strategic
buffer zone was established for the park.51

In northwestern Ecuador, two thirds of
coastal rainforests have been lost due to log-
ging and agricultural expansion, risking the
survival of 2,000 plant and 450 bird species.
The Chocó-Manabí corridor reforestation
project is attempting to improve wild species’
access to refuge habitats by restoring con-
nectivity between native forest patches
through reforestation efforts. This project is
restoring 265 hectares of degraded pastures
with 15 native trees species and as a result
sequestering 80,000 tons of carbon dioxide.
The opportunity for such investments is
mobilizing new partnerships between wildlife
conservation organizations, the climate action
community, farmers, and ranchers.52

Market Incentives for
Climate-friendly Agriculture

and Land Use

All the strategies described in the preceding
sections are already available or are well within
technological reach at far lower cost than

many climate solutions being discussed (such
as geological storage of carbon). The chal-
lenge is shifting policy and investment prior-
ities and supporting institutions to create
incentives for farmers, pastoralists, forest own-
ers, agribusiness, and all other stakeholders
within the agriculture and forestry supply
chains to scale up best practices and con-
tinue to innovate new ones. This will require
concerted action by consumers, farmers’ orga-
nizations, the food industry, civil society, and
governments.

The central players in any response to cli-
mate change are the farmers and communi-
ties—those who actually manage land—and
the food and fiber industry that shapes the
incentives for the choice of crops, quality
standards, and profitability. Some innova-
tors are already showing the way. For exam-
ple, the Sustainable Food Lab, a collaborative
of 70 businesses and social organizations
from throughout the world, has assembled a
team of member companies, university
researchers, and technical experts to develop
and test ways to measure and provide incen-
tives for low-carbon agricultural practices
through the food supply chain, mainly by
increasing soil organic matter, improving
fertilizer application, and enhancing the
capacity of crops and soil to store carbon.53

A key driver is consumer and buyer aware-
ness. Consumers will take the needed steps
once they realize that their choice of meat and
dairy products, and their support for natural
forests and grassland protection, can have as
great an impact on the climate as how far they
drive their cars. One immediate action is for
consumers, processors, and distributors to
adopt greenhouse gas footprint analysis for
food and fiber products, addressing their full
“life cycle,” including production, transport,
refrigeration, and packaging, to identify strate-
gic intervention points.

In 2007, for instance, the Dole Corpora-
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tion committed to establishing by 2021 a
carbon-neutral product supply chain for its
bananas and pineapples in Costa Rica. Their
first step in this process was to purchase for-
est carbon offsets from the Costa Rican gov-
ernment equal to the emissions of its inland
transport of these fruits. GHG impact is a key
metric that can be used for evaluating new
food and forest production technologies and
for allocating resources and investments. Pol-
icymakers can then include incentives for
reducing carbon emissions in cost structures
throughout the food and land use systems,
using various market and policy mechanisms.54

Product markets are also beginning to
recognize climate values. The last 20 years
have seen the rise of a variety of “green”
certified products beyond organic, such as
“bird-friendly” and “shade-grown,” that
have clear biodiversity benefits. Various cer-
tification options already exist for cocoa and
coffee (through the Rainforest Alliance, Star-
bucks, and Organic, for example). The For-
est Stewardship Council’s certification
principles “prohibit conversion of forests or
any other natural habitat” and maintain that
“plantations must contribute to reduce the
pressures on and promote the restoration
and conservation of natural forests,” sup-
porting the use of forests as carbon sinks.
New certification standards are starting up
that explicitly include impacts on climate,
which will for the first time send clear signals
to both producers and consumers.55

The rise of carbon emission offset trading
could potentially provide a major new source
of funding for the transition to climate-
friendly agriculture and land use. (See Box
3–2.) A great deal can be done in the short
term through the voluntary carbon market,
but in the long run it will be essential for the
international framework for action on cli-
mate change to fully incorporate agriculture
and land use.56

Public Policies to
Support theTransition

Governments can take specific steps imme-
diately to support the needed transition by
integrating agriculture, land use, and climate
action programs at national and local land-
scape levels. Costa Rica is a leader in these
efforts. The government has committed to
achieving “climate neutrality” by 2021, with
an ambitious agenda including mitigation
through land use change. Costa Rica is a par-
ticipant in the Coalition for Rainforest
Nations, a group encouraging avoided-defor-
estation programs, and has already increased
its forest cover from 21 percent in 1986 to 51
percent in 2006. The country is taking advan-
tage of markets that make payments for
ecosystem services and ecotourism to support
these efforts.57

Currently, governments spend billions of
dollars each year on agricultural subsidy pay-
ments to farmers for production and inputs,
primarily in the United States ($13 billion in
2006, which was 16 percent of the value of
agricultural production) and Europe ($77
billion, or 40 percent of agricultural pro-
duction value) but also in Japan, India,
China, and elsewhere. Most of these pay-
ments exacerbate chemical use, the expan-
sion of cropland to sensitive areas, and
overexploitation of water and other resources
while distorting trade and reinforcing unsus-
tainable agricultural practices. Some coun-
tries are beginning to redirect subsidy
payments to agri-environmental payments
for all kinds of ecosystem services, and these
can explicitly include carbon storage or emis-
sions reduction.58

Growth in commercial demand for agri-
cultural and forest products from increased
populations and incomes in developing coun-
tries and demand for biofuels in industrial
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nations is stimulating investments by both
private and public sectors. In 2003, African

governments committed to increase public
investment in agriculture to at least 10 per-
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Paying farmers and land managers to reduce
carbon emissions or store greenhouse gases is
a critical way to both mitigate climate change
and generate ecosystem and livelihood benefits.
The carbon market for land use has three main
components: carbon emissions offsets for the
regulatory market, as established by the Kyoto
Protocol; offset activities in emerging U.S. regu-
latory markets operating outside the Kyoto
Protocol; and the sale of voluntary carbon off-
sets coming from land use, land use change, and
forestry, primarily to individual consumers, phil-
anthropic buyers, and the private sector.

Developing countries can implement
afforestation and reforestation projects that
count toward emission reduction targets of
industrial countries through the Clean Develop-
ment Mechanism of the Kyoto Protocol.The
treaty authorizes afforestation and reforestation
but excludes agricultural or forest management,
avoided deforestation or degradation, and soil
carbon storage. However, each CDM project
must address thorny issues of nonpermanence of
carbon uptake by vegetation and soil, risks of
potential displacement of emissions as deforesta-
tion just moves elsewhere, and sustainable devel-
opment prospects in the host country that can
limit implementation.

There is more innovation in the voluntary
market, where buyers value multiple benefits.The
value of forestry plus land use projects more
than doubled from $35 million in 2006 to $72
million in 2007.Work is proceeding to lend more
credibility, transparency, and uniformity in meth-
ods used for creating land-based carbon credits.

There are several ongoing initiatives to pro-
mote diverse types of land-use-based payments:
• TheWorld Bank’s $91.9-million BioCarbon
Fund is financing afforestation, reforestation,
REDD, agroforestry, and agricultural and
ecosystem-based projects that not only
promote biodiversity conservation and poverty
alleviation but also sequester carbon.

• The Regional Greenhouse Gas Initiative in the

northeastern United States will include affores-
tation and methane capture from U.S. farms.

• The trading system in New SouthWales,Aus-
tralia—the world’s first—provides for carbon
sequestration through forestry, including on-
farm forest regeneration.

• The New Zealand government is investing
more than $175 million over five years in a Sus-
tainable Land Management and Climate Change
Plan to help the agriculture and forestry
sectors adapt to, mitigate, and take advantage of
the business opportunities of climate change.
This scheme will include specific cap-and-trade
allocations to the dairy sector and will incorpo-
rate cash grants to encourage new plantings by
landowners, increased research funding,
technology transfer, and incentives to use more
wood products and bio-energy.

• Rabobank, the world’s largest agricultural
financier, will pay farmers $83,000 to reforest,
which will be sold as carbon offsets; the bank
may use some of these credits to offset its own
activities.This is the first transaction of its kind
in Brazil’s Xingu province, which has the coun-
try’s highest deforestation rates. Soy and cattle
farmers are targeted, and replanting is planned
for riparian stretches through the region.

• REDD payments for avoided deforestation in
Mato Grosso state alone in Brazil are estimated
at $388 million annually.

Much larger initiatives are needed now to
link carbon finance with investments to achieve
rural food security by “re-greening” degraded
watersheds, promoting agroforestry, restoring
soil organic matter, rehabilitating degraded pas-
tures, controlling fires, or protecting threatened
forests and natural areas important for local liveli-
hoods. If low-income landowners and managers
are to benefit from payments for ecosystem ser-
vices, they need secure rights, clear indicators of
performance, and systems for aggregating buyers
and sellers to keep transaction costs low.

Source: See endnote 56.

Box 3–2. Paying Farmers for Climate Benefits
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Taking Action for Climate-
friendly Land Use

Human well-being is wrapped up with how
food is produced. Ingenious systems were
developed over the past century to supply
food, with remarkable reliability, to a good
portion of the world’s 6.7 billion people.
But these systems need a fundamental restruc-
turing over the next few decades to establish
sustainable food systems that both slow and
are resilient to climate change. Land-manager
and private-sector action will determine the
response, but public policy and civil society
will play a crucial role in providing the incen-
tives and framework for communities and
markets to respond effectively.61

Food production and other land uses are
currently among the highest greenhouse gas
emitters on the planet—but that can be
reversed. Although recent food price riots
may discourage any actions that could raise
costs, if action is not taken costs will rise any-
way as local food systems are disrupted and
as higher energy costs ripple through a system
that has not been prepared with alternatives.

The strategy for reducing greenhouse gas
emissions from agriculture and other land
use sectors also must recognize the need for
major increases in food and fiber production
in developing countries to feed adequately the
850 million people currently hungry or
undernourished, as well as continually grow-
ing populations. Investments must be chan-
neled so that increased production comes
from climate-friendly production systems
rather than from systems that clear large areas
of natural forest and grasslands, mine organic
matter from the soil, strip vegetative cover
from riparian areas, or leave soils bare for
many months of the year.62

As described in this chapter, many available
technologies and management practices could

cent a year, although only Rwanda and Zam-
bia have done this so far. The World Bank and
the Bill & Melinda Gates Foundation have
committed to large increases in funding in the
developing world. There is a major window
of opportunity right now to put climate
change adaptation and mitigation at the core
of these strategies.59

This is beginning to happen in small steps.
Brazil is crafting a diverse set of investment
programs to support rural land users who
invest in land use change for climate change
mitigation and adaptation. The U.N. Envi-
ronment Programme is initiating dialogues on
“greening” the international response to the
food crisis, linking goals of international envi-
ronmental conventions with the Millennium
Development Goals.60

But much more comprehensive action is
needed. If not, this otherwise positive trend
could seriously undermine climate action
programs. A new vision is needed to respond
to this food crisis that not only provides a
short-term Band-Aid to refill next year’s
grain bins but also puts the planet on a tra-
jectory toward sustainable, climate-friendly
food systems.

National policy, however, is not enough.
It is essential to invest in building capacity at
local levels to manage ecoagricultural land-
scapes—to enable multistakeholder platforms
to plan, implement, and track progress in
achieving climate-friendly land use systems
that benefit local people, agricultural pro-
duction, and ecosystems.

Many available technologies and
management practices could
lighten the climate footprint of
agriculture and other land uses
and protect existing carbon sinks
in natural vegetation.
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With the exception of the recent REDD ini-
tiatives to save standing forests through inter-
governmental action, which are still in an
early stage, there are no major international
initiatives to address the interlinked challenge
of climate, agriculture, and land use.

A worldwide, networked movement for
climate-friendly food, forest, and other land-
based production is needed. This calls for
forging unusual political coalitions that link
consumers, producers, industry, investors,
environmentalists, and communicators. Food,
in particular, is something that the public
understands. By focusing on food systems, cli-
mate action will become more real to people.
It is realistic to expect that the prices of food
and other land-based products will rise in a
warming world, at least for a time. This must
not be the result of scarcity caused by climate-
induced system collapse but rather because
new investment has been mobilized to create
sustainable food and forest systems that also
cool the planet.

lighten the climate footprint of agriculture
and other land uses and protect existing car-
bon sinks in natural vegetation and soils.
Many more could become operational fairly
quickly with proper policy support or adap-
tive research and with a more systematic
effort to analyze the costs and benefits of
different strategies in different land use sys-
tems. Other innovative ideas will emerge if
leading scientists and entrepreneurs can be
inspired to tackle this challenge. And many of
the actions most needed in land use systems
to adapt to climate change and mitigate GHG
emissions will bring positive benefits for water
quality, air pollution, smoke-related health
risks, soil health, energy efficiency, and wildlife
habitat. These tangible benefits can generate
broader political support for climate action.

It is heartening that there are already so
many initiatives to address climate change in
the food and land use sectors, and these
efforts have established a rich foundation of
practical, implementable models. But the
scale of action so far is dishearteningly small.



As the stability of the world’s climate is
increasingly at risk and governments grap-
ple with the monumental task of cutting
emissions, there is a group of little known
but powerful greenhouse gases that, left
unchecked, could ultimately undermine the
best efforts to tackle the climate crisis. Fluo-
rocarbons, or F-gases, are the quintessential
greenhouse gases, since chemical engineers
designed them to trap heat and to be stable
and durable.
The Intergovernmental Panel on Climate

Change calculated that the cumulative build-
up of these gases in the atmosphere was
responsible for at least 17 percent of global
warming due to human activities in 2005.
And the use of these chemicals worldwide is
on the rise, with increased consumption in
developing countries like China and India.1

Several chemical cousins make up the F-
gas family: chlorofluorocarbons (CFCs),
hydrochlorofluorocarbons (HCFCs), hydro-
fluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF6). The
major applications of these chemicals today
are in refrigeration and air-conditioning
(including in cars), which account for 80

percent of F-gas use. The chemicals are
also used as solvents, as blowing agents in
foams, as aerosols or propellants, and in
fire extinguishers. The most commonly
used F-gases at the moment are the HFCs,
a class of powerful greenhouse gases whose
consumption is rising exponentially. HFCs
were developed by the chemical industry
in response to the discovery of damage to
Earth’s ozone layer due to CFC use. But
this development ignored the known global
warming effects of the newer chemicals.2

F-gases have incredibly strong global
warming potential (GWP) relative to carbon
dioxide (CO2) pound per pound, or gram for
gram, because they were built to trap heat
very effectively. GWP is calculated relative to
carbon dioxide, which is assigned a GWP of
1. Global warming potential depends on the
ability of a molecule to trap heat and its
“atmospheric lifetime”—how long the chem-
ical stays in the atmosphere before it is bro-
ken down or is absorbed or settles out into
the ocean, soil, or biosphere, for instance.3

GWPs are generally averaged over 100
years, as a baseline for comparison to
carbon dioxide. The most popular HFC in
use today has an atmospheric lifetime of
about 14 years and a 100-year GWP of 1,400,
but a 20-year GWP of 3,830. This means that
one pound of this HFC is the same as 3,830
pounds of CO2 in terms of global warming
impact for 20 years after it is released into
the atmosphere. Of course, there is one ben-
efit to this high short-term GWP: phasing
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out HFCs has an immediate global warming
benefit. Cutting HFC use slows global warm-
ing right now, when that is most needed.4

The chemical industry argues that HFCs
can be safely contained and prevented from
leaking into the atmosphere, but so far con-
tainment has been an unqualified failure—
more than 50 percent of all HFCs produced
to date have already found their way into the
atmosphere.5

Greenpeace estimates that HFCs will
become an ever-increasing portion of the
global warming pollution load exactly when
scientists say greenhouse gases need to be
reduced rapidly. The popular HFC-134a alone,
which currently accounts for about 1 percent
of greenhouse gases, is expected to account
for 10 percent of emissions by 2050—and
releases will still be on the rise. Growing HFC
emissions could significantly hamper efforts
to keep global temperatures from exceeding
crucial tipping points in climate change that
have been identified by scientists.6

Fortunately, there are environmentally
safe, efficient, technologically proven, and
commercially available alternatives to F-gases
in almost all domestic and commercial
applications. These use natural substances,
such as simple hydrocarbons, carbon diox-
ide, ammonia, or even straight water. Typi-
cally, systems using natural refrigerants are
at least as energy-efficient as those using
HFCs or even more efficient. So they are less
expensive to operate and create fewer green-
house gases through reduced electricity use,
and thus less load on dirty power plants.
In addition, there are novel technological

solutions for air conditioning and refrigera-
tion such as solar adsorption, which uses
solar heat as the engine for compression
of a liquid refrigerant, most commonly water
and ammonia or water and lithium bromide
salt. There are also refrigerators that
operate with sound waves, and in certain

climates simple evaporation devices provide
air-conditioning.
The chemical industry does not profit

from any of these alternatives. Getting rid of
HFCs would put an end to the industry’s
global, long-term hold on the multibillion-
dollar monopoly it has enjoyed with CFCs
and other F-gases. The industry is therefore
fighting any replacements, especially natural
refrigerants, using its global lobbying efforts
to soften—or stop—strong legislation and
regulations.
There are many examples in all sectors of

using natural refrigerants instead of HFCs.
One outstanding example is the hydro-
carbon domestic Greenfreeze refrigerator
(safe for both the ozone layer and the
climate) developed in 1993 by Greenpeace
and a tiny East German company. Green-
freeze refrigerators are typically more effici-
ent than their HFC counterparts. There are
an estimated 300 million Greenfreeze-type
refrigerators in the world today, built by lead-
ing manufacturers and accounting for
approximately 40 percent of the 80 million
refrigerators produced annually. This tech-
nology dominates the domestic refrigeration
markets of Europe and is prominent in Japan
and China, but it is conspicuously unavail-
able in North America due to obsolete regu-
latory obstacles.7

The search for HFC alternatives has been
taken up by many large multinational corpo-
rations that use refrigeration and cooling
technology. A technology-sharing coalition
called Refrigerants Naturally was founded in
2004, set up by Greenpeace and the United
Nations Environment Programme with the
goal of replacing HFCs with natural refriger-
ants in vending machines, freezers, and
fridges. The current partners include Uni-
lever, Coca-Cola, PepsiCo, McDonald’s,
IKEA, and Carlsberg.8

The success of Refrigerants Naturally has
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been broad. By 2008 Unilever had placed up
to 275,000 climate-friendly retail ice-cream
freezers in the field. And in late 2008 Ben &
Jerry’s ice cream, a Unilever brand, started
using non-HFC freezers in the United States.

The new units save at least 10 percent of the
energy used by identical HFC freezers. Coca-
Cola has developed a new, high-efficiency
compressed carbon dioxide technology for
its vending machines and planned to have
up to 30,000 CO2 vending machines in the
field by 2008, which will increase to 100,000
by 2010. All Coca-Cola vending machines at
the 2008 Beijing Olympics were HFC-free.9

Supermarkets and other retail stores are
also making the switch from HFCs and F-gas
technology. In March 2006, several major
U.K. supermarket chains—including ASDA,
Marks & Spencer, Sainsbury’s, Somerfield,
Tesco, and Waitrose—announced their deci-
sion to phase out their use of HFCs in cool-

ing equipment and to convert to natural
refrigerants such as carbon dioxide.10

In another crucial development, progress
is being made in phasing out potent F-gases
from automobile air-conditioning. The Euro-
pean Union (EU) moved to phase out HFC-
134a in mobile air-conditioning by 2011. In
response, the German car industry decided
in August 2007 to deploy compressed car-
bon dioxide as the replacement refrigerant.11

HFCs and other non-ozone depleting F-
gases are currently included in the Kyoto
Protocol’s “basket” of greenhouse gases, but
the parties to the treaty have yet to address
HFCs specifically and proactively. (CFCs and
HCFCs were not included in the Kyoto Proto-
col because they were already being banned
and phased out under the earlier Montreal
Protocol on the ozone layer.) In the mean-
time, a few jurisdictions around the world
are already taking action in a variety of ways.
Individual countries and jurisdictions—

including Denmark, Switzerland, Austria, the
EU Commission, and most recently the state
of California—have all moved to curtail
releases of F-gases by variously banning new
uses, phasing out old ones, and providing
incentives to reduce leakage of high-GWP
F-gases. Governments have made these
moves by passing regulations, providing
incentives for technology upgrades, levying
taxes on imports of HFCs based on their
warming impact, and providing refunds for
destruction of captured used F-gas. These
bold moves have led to increased awareness
and adoption of alternatives.12

The global solutions to this potentially
devastating problem are quite clear and
available. The Kyoto Protocol and the Mon-
treal Protocol both could, in complementary
ways, act swiftly to reduce and eliminate
uses of F-gases. For example, the Montreal
Protocol’s practice of pushing developing
countries to replace HCFCs with HFCs
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should be stopped immediately. And the
treaty could be used to stimulate the recov-
ery of millions of tons of “banked” HFCs,
CFCs, and HCFCs sitting in old cooling
equipment that need to be safely recovered
at the end of the equipment’s life and
destroyed.
Meanwhile, the parties to the Kyoto Pro-

tocol are in the midst of serious and com-
plex negotiations leading up to their next
conference, in Copenhagen in late 2009,
when new emissions reduction targets
should be on the table. Negotiators are
having a difficult time setting targets and
commitments for reducing carbon dioxide,
the largest greenhouse gas, and shaping a
renewed commitment to limit deforestation-
related greenhouse gas emissions. As of late
2008 the parties to the treaty had not found
a path to develop strong specific incentives
and actions on HFCs.
Some observers are now proposing that

HFCs be regulated under the Montreal Pro-
tocol instead of the Kyoto Protocol. They call
for HFCs to be phased out of production

over time just as other F-gases were and
simultaneously be removed from the Kyoto
Protocol basket entirely. The argument is
made that Montreal Protocol participants
have more expertise with F-gases and
assessment of alternatives and that develop-
ing countries already participate strongly in
the treaty.13

This approach—removing agreed green-
house gases or sectors from the climate
change treaty at this point—risks weakening
the Kyoto agreement. In addition, it would
kill a strong financial incentive to reduce
F-gas emissions by removing HFCs from
the rapidly evolving GHG emissions trading
schemes, erasing potentially lucrative
carbon credits that adopters of non-HFC
technology could earn and trade under the
Kyoto Protocol. It is hoped that an effective
approach will evolve during the treaty nego-
tiations of 2009 and beyond, making
efficient use of the best capacities of both
treaties. Until then, the Kyoto Protocol arena
remains the best place to kick-start and deal
with this growing threat to the climate.
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Black carbon, a component of soot, is a
potent climate-forcing aerosol and may be
the second-leading cause of global warming
after carbon dioxide (CO2). Unlike CO2,
however, black carbon remains in the atmos-
phere for only a few days or weeks. Therefore
reducing these emissions will have an almost
immediate climate mitigation impact. While
substantial reductions of greenhouse gas
emissions should remain the anchor of over-
all climate stabilization efforts, dealing with
black carbon may be the fastest means of
near-term climate mitigation and could be
critical in forestalling climate tipping points.1

Black carbon is a product of the incom-
plete combustion of fossil fuels, biofuels,
and biomass. The main sources are open
burning of biomass, diesel engines, and the
residential burning of solid fuels such as
coal, wood, dung, and agricultural residues.
(See Figure.) Black carbon contributes to cli-
mate change in two ways: It warms the
atmosphere directly by absorbing solar radi-
ation and converting it to heat and indirectly
by darkening the surfaces of ice and snow
when deposited on them. This reduces
albedo, the ability to reflect light, and there-
by increases heat absorption and accelerates
melting. As large masses of both land and
sea ice disappear, they reflect less and less
solar radiation, so heat is increasingly

absorbed at the surface. Thus not only do
sea and land ice face tipping points of
irreversible melting, but this melting can
create positive feedbacks leading to even
further warming.2

The ability of black carbon to accelerate
snow and ice melt makes it a particular con-
cern in Arctic and glacial areas, where tip-
ping points for melting are considered among
the most imminent. According to Charles
Zender of the University of California, Irvine,
black carbon on snow warms Earth about
three times as much as an equal forcing of
CO2. Zender and others argue that forcing,
which is a measure of the amount of heat a
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substance traps in the atmosphere, does not
measure the amount of warming that a sub-
stance will actually cause. They claim that
to most effectively address climate change,
substances should be dealt with based on
the amount of warming they cause. Melting
glaciers are a concern not only because of
the feedback warming they can cause but
also because they feed rivers that supply
water to hundreds of millions of people. As
glaciers retreat due to melting, these water
sources become threatened. V. Ramanathan
and Y. Feng of the Scripps Institution of
Oceanography claim that the world has
already committed to warming in a range
that could lead to “a major reduction of area
and volume of Hindu-Kush-Himalaya-
Tibetan (HKHT) glaciers, which provide the
head-waters for most major river systems of
Asia.” And as land-based ice melts, the
water flows into the oceans, contributing to
potentially dangerous sea level rise.3

The 2007 report of the Intergovernmental
Panel on Climate Change for the first time
calculated the direct and indirect climate
forcings of black carbon. It estimated the
direct forcing from fossil fuel sources to be
+0.2 watts per square meter (W/m2) and
from biomass and other sources to be +0.2
W/m2. The report estimated the indirect
forcing from black carbon’s effect on snow
and ice to be an additional +0.1 W/m2, for a
total forcing from black carbon of +0.5
W/m2. More recent studies have estimated
the figure is as high as +0.9 W/m2 for direct
forcing alone. This is equal to about 55 per-
cent of the forcing from CO2. Although the
net impact of black carbon is squarely within
a significant warming range, further study
will be required to calculate its forcing more
precisely.4

It is important to understand that when
black carbon is emitted from incomplete
combustion, other particles such as organic

carbon, nitrates, and sulfates are emitted as
well. Some of these other particles, such as
sulfates, can have a cooling effect on the
atmosphere. But because sulfates have been
determined to harm public health, world-
wide efforts are under way to reduce them.
When this happens, further warming will be
unmasked. Ramanathan and Feng claim that
temperature-masking due to cooling aero-
sols is currently over 1 degree Celsius and
that as aerosols continue to be reduced by
local air pollution control measures, this
warming will be felt—likely within the next
50 years. Thus it is all the more important to
reduce black carbon to offset the increased
warming that will result from the expected
elimination of sulfates.5

A number of technologies for reducing
black carbon emissions are available now
and others are being developed. For diesel
vehicles, highly effective diesel particulate
filters (DPFs) can eliminate over 90 percent
of particulate emissions, although DPFs
require the use of ultra-low sulfur diesel fuel
(ULSD), which is not yet widely available
outside the United States, the European
Union, or Japan. Increasing the availability
of ULSD is an important step in reducing
black carbon and other emissions from
diesel vehicles worldwide. For vehicles with-
out access to ULSD, other filters can be
used. Newly developed flow-through, or par-
tial, filters can eliminate 40–70 percent of
emissions from vehicles using traditional
diesel fuel. Programs for retrofitting diesel
vehicles with the most efficient filters avail-
able will be essential, as older vehicles are
often highly polluting.6

Ocean vessels generally use diesel
engines as well and therefore emit substan-
tial amounts of black carbon. Emissions
from vessels in the northern hemisphere,
especially those near the Arctic, can be espe-
cially harmful. Efficient DPFs for vessels are
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currently in development but likely could not
be used until marine fuel sulfur levels are
greatly reduced. Other means of reducing
black carbon emissions from ocean vessels
include reducing diesel fuel use by using
shoreside electricity when at port and simply
traveling more slowly at sea.7

Because of the higher ratio of cooling par-
ticles emitted with black carbon when bio-
mass is burned, it is more complicated to
get climate benefits from changing cooking
and agricultural burning practices. But
energy security and indoor air pollution con-
cerns have already led to a variety of pro-
grams aimed at improving the efficiency of
traditional cookstoves. A better understand-
ing of the possible climate benefits of reduc-
ing black carbon provides further incentive
to look closely at the potential to improve
cooking techniques and agricultural burning
practices. Several stoves being developed
not only reduce black carbon emissions but
also produce biochar, a stable form of car-
bon that can be stored permanently in soils

and improve soil productivity.
Ensuring compliance and enforcement

with existing national laws on black carbon
can provide some relief from warming. This
is being pursued by the International Net-
work for Environmental Compliance and
Enforcement. But new laws and regulations
are needed at all levels for further and faster
reductions. As a start, where ultra-low sulfur
diesel fuel is available, diesel particulate fil-
ters should be required on both new vehicles
and existing ones that may be used for many
years. In addition, northern countries could
restrict agricultural burning in the spring-
time melt season in order to reduce the
impact of black carbon on snow and ice.
Institutions such as the World Bank should
make climate funding available for black car-
bon reduction programs.8

The faster-than-anticipated approach of
dangerous tipping points is forcing society
to consider the quickest ways to mitigate cli-
mate change. Reducing black carbon may be
the fastest means of all.
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Although climate change will affect everyone
worldwide, its impacts will be distributed dif-
ferently between men and women as well as
among regions, generations, age classes,
income groups, and occupations. The poor,
the majority of whom are women living in
developing countries, will be disproportion-
ately affected. Yet most of the debate on cli-
mate so far has been gender-blind.1

Gender inequality and climate change are
inextricably linked. By exacerbating inequality
overall, climate change slows progress
toward gender equality and thus impedes
efforts to achieve wider goals like poverty
reduction and sustainable development.
And women are powerful agents of change
whose leadership on climate change is criti-
cal. Women can help or hinder strategies
related to energy use, deforestation, popula-
tion, economic growth, and science and
technology, among other things.
Climate change can have disproportionate

impacts on women’s well-being. Through
both direct and indirect risks, it can affect
their livelihood opportunities, time availabil-
ity, and overall life expectancy. (See Table.)
An increase in climate-related disease out-
breaks, for example, will have quite different
impacts on women than on men. Each year,
some 50 million women living in malaria-
endemic countries become pregnant; half of

them live in tropical areas of Africa with
high transmission rates of the parasite that
causes malaria. An estimated 10,000 of
these women and 200,000 of their infants
die as a result of malaria infection during
pregnancy; severe malarial anemia is
involved in more than half of these deaths.2

People’s vulnerability to risks depends in
large part on the assets they have available.
Women, particularly poor women, face dif-
ferent vulnerabilities than men. Approximat-
ely 70 percent of the people who live on less
than $1 a day are women. Many live in con-
ditions of social exclusion. They may face
constraints on their mobility or behavior
that, for example, hinder their ability to relo-
cate without a male relative’s consent.3

In general, women tend to have more lim-
ited access to the assets—physical, finan-
cial, human, social, and natural capital—
that would enhance their capacity to adapt
to climate change, such as land, credit, deci-
sionmaking bodies, agricultural inputs, tech-
nology, and extension and training services.
Thus any climate adaptation strategy should
include actions to build up women’s assets.
Interventions should pay special attention
to the need to enhance women’s capacity to
manage risks with a view to reducing their
vulnerability and maintaining or increasing
their opportunities for development.4

Ways to reduce climate-related risks for
women include improving their access to
skills, education, and knowledge; strength-
ening their ability to prepare for and manage

Women and Climate Change:
Vulnerabilities and Adaptive Capacities
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disasters; supporting their political ability to
demand access to risk-management instru-
ments; and helping households gain greater
access to credit, markets, and social security.
Despite the many challenges they face,

women are already playing an important role
in developing strategies to cope with climate
change. They have always been leaders in
community revitalization and natural

resource management, and there are count-
less instances where their participation has
been critical to community survival. In Hon-
duras, for example, the village of La Masica
was the only community to register no
deaths in the wake of 1998’s Hurricane
Mitch. Six months earlier, a disaster agency
had provided gender-sensitive community
education on early warning systems and

Potential Risks Examples Potential Effects onWomen

Direct Risks
Increased
drought
and water
shortage

Increased
extreme
weather
events

Indirect Risks
Increased
epidemics

Loss of species

Decreased crop
production

Source: See endnote 2.

Direct and Indirect Risks of Climate Change
and Their Potential Effects onWomen

Morocco had 10 years of drought
from 1984 to 2000; northern Kenya
experienced four severe droughts
between 1983 and 2001.

The intensity and quantity of
cyclones, hurricanes, floods, and
heat waves have increased.

Climate variability played a critical
role in malaria epidemics in the
East African highlands and
accounted for an estimated 70
percent of variation in recent
cholera series in Bangladesh.

By 2050, climate change could
result in species extinctions ranging
from 18 to 35 percent.

In Africa, crop production is
expected to decline 20–50 percent
in response to extreme El Niño-like
conditions.

Women and girls in developing countries are
often the primary collectors, users, and managers
of water. Decreases in water availability will jeop-
ardize their families’ livelihoods and increase their
workloads, putting their capacity to attend school
at risk.

An analysis of 141 countries in the period 1981
to 2002 found that natural disasters (and their
subsequent impacts) on average killed more
women than men in societies where women’s
economic and social rights are not protected, or
they killed women at an younger age than men.

Women have less access to medical services than
men, and their workloads increase when they
have to spend more time caring for the sick.
Adopting new strategies for crop production or
mobilizing livestock is harder for female-headed
and infected households.

Women often rely on crop diversity to accommo-
date climatic variability, but permanent tempera-
ture change will reduce agro-biodiversity and
traditional medicine options.

Rural women in particular are responsible for half
of the world’s food production and produce 60–80
percent of the food in most developing countries.
In Africa, the share of women affected by climate-
related crop changes could range from 48 percent
in Burkina Faso to 73 percent in the Congo.
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hazard management. Women took over the
abandoned task of continuously monitoring
the warning system. As a result, the munici-
pality was able to evacuate the area promptly
when the hurricane struck.5

Women also play a crucial role in forest
preservation strategies and increasing car-
bon sinks through reforestation and affores-
tation. For example, since 2001 women in
Guatemala, Nicaragua, El Salvador, Hon-
duras, and Mexico have planted more than
400,000 Maya Nut trees as part of the
Mayan Nuts Project supported by the Equi-
librium Fund, which also increased food
supplies for the communities. This shows
how specific projects can improve the qual-
ity of life for women and at the same time be
strategies for mitigation and adaptation to
climate change.6

And in Kenya, the Green Belt Movement
and the World Bank’s Community Develop-
ment Carbon Fund signed an emissions-
reduction agreement in November 2006
to reforest two mountain areas. Women’s
groups are planting thousands of trees, an
activity that will provide poor rural women
with a small income and some economic
independence as well as capture some
350,000 tons of carbon dioxide, restore
eroded soils, and support regular rainfall
essential to Kenya’s farmers and hydroelec-
tric plants.7

Women from indigenous communities
often know a range of “coping strategies”
traditionally used to manage climate varia-
bility and change. In Rwanda, women pro-
duce more than 600 varieties of beans, and
in Peru Aguaruna women plant more than
60 varieties of manioc. These vast varieties,
developed over centuries, allow them to
adapt their crops to different biophysical
parameters, including soil quality, tempera-
ture, slope, orientation, exposure, and
disease tolerance.8

Despite their experience and knowledge,
women have not been given an equal oppor-
tunity to participate in critical decisionmaking
on climate change adaptation and mitiga-
tion. Any accurate examination of climate
change must integrate social, economic,
political, and cultural dimensions—
including analysis of gender relations.

The first important step is to promote
international policy action on climate and
gender. Negotiations on a post-2012 climate
framework under the United Nations
Framework Convention on Climate Change
(UNFCCC) should incorporate the principles
of gender equity and equality at all stages,
from research and analysis to the design and
implementation of mitigation and adapta-
tion strategies. It is critical that the UNFCCC
recognize the importance of gender in its
meetings and take the necessary measures
to abide by key human rights and gender
frameworks, especially the Convention on
the Elimination of All Forms of Discrimina-
tion against Women, known as CEDAW. The
UNFCCC needs to develop a gender road
map, to invest in specialized research on
gender and climate change, and to guaran-

This Guatemalan women’s Maya Nut producer group
has contracted to provide school lunches, using Maya
Nut products, to three school districts.
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tee the participation of women and gender
experts at all meetings and in the prepara-
tion of reports. It should establish a system
of gender-sensitive indicators for its national
reports and for planning adaptation strate-
gies or projects under the Clean Develop-
ment Mechanism (CDM).
Second, governments need to take action

at regional, national, and local levels, includ-
ing translating international agreements
into domestic policy. They can also develop
strategies to improve and guarantee women’s
access to and control over resources, use
women’s specialized knowledge and skills in
strategies for survival and adaptation to nat-
ural disasters, create opportunities to edu-
cate and train women on climate change,
provide measures for capacity building and
technology transfer, and assign specific
resources to secure women’s equal partici-
pation in the benefits and opportunities of
mitigation and adaptation measures.
Third, all financial mechanisms and

instruments associated with climate change
should include the mainstreaming of a gender
perspective and women’s empowerment.
For example, climate change adaptation
funds could guarantee the incorporation of
gender considerations and the implementa-
tion of initiatives that meet women’s needs.
Women could also be included in all levels
of the design, implementation, and evalua-
tion of afforestation, reforestation, and con-
servation projects that receive payments for
environmental services, such as carbon
sinks. And women should have access to
commercial carbon funds, credits, and infor-
mation that enable them to understand and
decide which new resources and technolo-
gies meet their needs. Finally, the CDM
should finance projects that bring renewable
energy technologies within the reach of
women to help meet their domestic needs.
Fourth, the many organizations, minis-

tries, and departments that address women’s
issues, including UNIFEM, should play a
more active role in climate change discus-
sions and decisionmaking. Climate change
cannot be considered an exclusively environ-
mental problem; it needs to be understood
within all its development dimensions.
One encouraging sign of progress on

these issues was the establishment of the
Global Gender and Climate Alliance (GGCA)
in December 2007 at the Bali Conference of
the Parties to the UNFCCC. This was set up
by the U.N. Development Programme, the
International Union for Conservation of
Nature–IUCN, the U.N. Environment Pro-
gramme, and the Women’s Environment
and Development Organization in response
to the lack of attention to gender issues in
existing climate change policymaking and
initiatives.9

The GGCA plans to:
• integrate a gender perspective into global
policymaking and decisionmaking in order
to ensure that U.N. mandates on gender
equality are fully implemented;
• ensure that U.N. financing mechanisms on
mitigation and adaptation address the
needs of poor women and men equitably;
• set standards and criteria for climate
change mitigation and adaptation that
incorporate gender equality and equity
principles;
• build capacity at global, regional, and local
levels to design and implement gender-
responsive climate change policies, strate-
gies, and programs; and
• bring women’s voices into the climate
change arena.
Climate change is a global security issue

and a question of freedom and fundamental
human rights. It represents a serious chal-
lenge to sustainable development, social jus-
tice, equity, and respect for human rights for
both current and future generations
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Given its potential to cause a serious decline
in the livability of different regions around
the world, policymakers and others are
beginning to identify climate change as a
security threat. Although there is no consen-
sus that this drives violent conflict, security
concerns arise from its indirect impacts on
local institutions in areas challenged by envi-
ronmental degradation. Particularly in
Europe, climate change is increasingly
prominent in national security strategies and
military policies, a reflection of the global
reach of socioeconomic and political conse-
quences. The fact that traditional security
actors are involved in discussions on this
issue confirms that state stability and secu-
rity are no longer confined to the realms of
territoriality and weapons-based threats. A
broader understanding is needed of the
threats to security posed by the direct and
indirect impacts of climate change.

The direct impacts of climate change on
human welfare are multiple and interlinked.
The likely increase in the volatility of the
water supply will threaten health and sanita-
tion for the most vulnerable societies, for
example. According to the Intergovernmen-
tal Panel on Climate Change (IPCC), 1.3
billion people today do not have adequate
access to drinking water and 2 billion people
lack access to sanitation. In Africa, anywhere

from 75 million to 250 million people are
projected to be exposed to increased water
stress due to climate change by 2020. Yields
from rainfed agriculture could be cut in half,
adversely affecting the food supply and exac-
erbating malnutrition. Increased tempera-
tures also have a direct effect on the spread
of disease, adding to the potential for the
disruption of social stability. The IPCC pre-
dicts more frequent temperature extremes,
heat waves, and heavy precipitation events
as well as more intense tropical cyclones,
threatening the physical safety of people liv-
ing in areas with limited capacity to adapt to
these changes.1

The indirect impacts on states and com-
munities are equally important. Migration,
the collective impacts on human welfare, and
the threat to livelihoods undermine political
institutions in vulnerable states. They chal-
lenge the maintenance or establishment of
political and socioeconomic stability—a wor-
rying consequence since cooperative and
legitimate governance is considered the key
determinant in the peaceful management of
scarce resources. The negative effect on gov-
ernance structures is particularly relevant
when an economy depends heavily on its
resource base, which is the case in most
developing countries.2

As centers of production shift to areas
that remain viable during climate change,
state and local institutions may be incapac-
itated. Loss of revenue, combined with the
direct threats of climate change, bode ill for

The Security Dimensions of Climate Change
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institutions struggling to ease conflict, regard-
less of whether the tensions emerge over
the division of scarce goods or other social,
political, or economic divisions. The direct
impacts and indirect institutional challenges
linked to climate change can reinforce each
other as security effects emerge at the state
and transnational levels.

Recognizing these complex linkages, the
U.S. Senate Committee on Foreign Relations
held a hearing on the National Security Imp-
lications of Climate Change. In his opening
statement Senator Richard Lugar acknow-
ledged that “the problem is real and is exac-
erbated by man-made emissions of green-
house gases. In the long run this could bring
drought, famine, disease, and mass migra-
tion, all of which could lead to conflict.”3

The military board of the CNA Corpora-
tion, a nonprofit research organization for
public policy decisionmakers, notes that the
National Security Strategy and National
Defense Strategy of the United States should
directly address the threat of climate change
and prepare the military to respond to the
consequences. So far this advice has not
been implemented in security policy plan-
ning at the national level: the most recent
National Security Policy of the United States
did not mention anthropogenic climate
change as an issue area of concern. In con-
trast, climate change is mentioned specifi-
cally as a security interest within the first few
pages of the European Security Strategy.4

Researchers remain divided on the direct
links between climate change and violent
conflict. The models have been based on one
of two scenarios: conflict over increasingly
scarce resources such as water or arable land
or migration as a trigger of conflict. Research
in the early 1990s by Thomas Homer-Dixon
on the resource scarcity–conflict relationship
found limited evidence supporting a connec-
tion, but it did identify a causal link when

resource competition was combined with
other socioeconomic factors such as poor
institutional capacity to govern the resource.5

One challenge in examining the relation-
ship across a large number of cases was that
both degradation and conflict data were only
available at the national level, producing
mixed results and masking the incidences
of conflict within and between communities.
A recent study by Clionadh Raleigh and Hen-
rik Urdal used georeferenced data to look at
the relationship of conflict occurrence to
geographical boundaries rather than political
ones. Although their analysis provided only
moderate support for the effect of demo-
graphic and environmental variables on
conflict, the authors called for further invest-
igation into the links between physical pro-
cesses and the political processes of rebellion.6

Migration is identified as the second pri-
mary climate-induced driver of conflict. In
2007 the Stern Review warned that “by the
middle of the century, 200 million more peo-
ple may become permanently displaced due
to rising sea levels, heavier floods, and more
intense droughts.” Weak states are particu-
larly vulnerable to climate-induced migra-
tion, since environmental impacts can be
addressed by adaptation and mitigation or
by leaving an affected area, but weak institu-
tions are less capable of successfully imple-
menting the former strategies.7

Resource competition can emerge when
local and resettled populations are forced to
share subsistence resources, which can
serve to worsen preexisting ethnic or social
tensions. Adrian Martin notes that in com-
munities with resettled populations, “there
is a growing concern that scarcity-induced
insecurities can contribute to an amplifica-
tion of the perceived significance of ethnic
differences and inequalities, creating the
conditions for unproductive conflict.…In
such cases, perceptions of resource use con-
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flict and perceptions of inequity are mutually
reinforcing.” Nonetheless, some scholars
emphasize that conflict in these cases is bet-
ter explained by the migration of feuding
parties or the weak institutional capacity of
the receiving community.8

What the academic debate is unable to
account for, based on historical incidences
of conflict, is the threat to security and state
stability posed by unprecedented levels of
climate change due to human activities. The
evidence from several areas indicates that
climate change can act as a “risk multiplier,”
revealing a potential for unprecedented vio-
lent outcomes as climate conditions worsen.

In Sudan, for example, climate change
is an additional stress in an area already
unable to meet its resource demands. The
U.N. Environment Programme (UNEP)
reports that “desertification is clearly linked
to conflict, as there are strong indications
that the hardship caused to pastoralist soci-
eties by desertification is one of the causes
of the current war in Darfur.” The pastoral-
ists were forced to move south to find arable
land as the boundaries of the desert shifted
southward due to declines in precipitation.
In northern Darfur, the annual amount of
rainfall has dropped by 30 percent over 80
years. As demand increases, in line with
projected growth rates in the human and
livestock populations, climate change is
expected to aggravate conflicts in an area
with an extensive history of local clashes
over agricultural and grazing land.9

In one case reported by UNEP, the camel-
herding Shanabla tribe had migrated south-
ward into the Nuba mountains as a result
of northern rangeland degradation, and the
Nuba population “expressed concern over
the widespread mutilation of trees due to
heavy logging by the Shanabla to feed their
camels, and warned of ‘restarting the war’
if this did not cease.” While the primary dri-

vers of the Darfur crisis include a range of
social, political, and economic issues, epi-
sodes like this one demonstrate how declin-
ing resources can fuel an environment of
competition and mistrust in regions plagued
by conflict.10

Bangladesh is considered to be among
the countries at highest risk from the effects
of climate change, as floods, monsoons,
tropical cyclones that increase in intensity,
and sea level rise from melting glaciers

STATE OF THE WORLD 2009 Climate Connections

People frantically pull water from a well just filled by a
tank truck with water from a nearby borehole, in the
Oromiya region of Ethiopia during a severe drought, 2006.
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threaten the population, particularly in
coastal areas. Abnormally high destruction
was already witnessed in the flood of 1998,
when two thirds of the country was inun-
dated. The flood led to more than 1,000
deaths, the loss of 10 percent of the coun-
try’s rice crop, and 30,000 people being left
homeless.11

Continued climate change may prevent
future recovery in Bangladesh, since small
islands in the Bay of Bengal are home to
approximately 4 million people, many of
whom will need to be relocated as the
islands are rendered uninhabitable by rising
sea levels. Conflict over territorial borders
already plagues the region, and the resettle-
ment of vulnerable populations threatens
to add to these conflicts. The deteriorating
socioeconomic and political situation in
Bangladesh is already a security concern for
other nations; following the U.S. invasion of
Afghanistan in 2001, Taliban and Islamic
extremists relocated to Bangladesh. Increas-
ing extremism threatens to further destabi-
lize the country as environmental stress
combines with socioeconomic factors to
weaken the government’s ability to cope
with multiple sources of instability.12

As the Darfur and Bangladesh cases
demonstrate, the threat posed to security
and stability at the global, state, and individ-
ual levels from environmental degradation is
increasingly evident, despite academic criti-
cism about the lack of precise evidence link-
ing climate change to violent outcomes. Yet
academic research suffers from improperly
scaled national aggregate data, the challenge
of capturing complex causal models, and the
difficulty of accounting for the time-lagged
effects of climate change. These constraints
should not excuse policymakers who fail to
address increasingly visible security challenges.

While preparing for the effects of climate
change is receiving more attention through
strategies of mitigation and adaptation, the
developing world remains most at risk from
the consequences of temperature rise—and
it has the least access to financial, technical,
and human resources to implement preven-
tive measures. As threats to stability and
security are increasingly seen to transcend
political borders, climate change presents
clear security challenges for industrial
nations as well as for the most volatile or
vulnerable regions of the world.
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The last 10,000 years has been a period of
unusually stable climate very favorable to
the development of human civilization. The
world’s ecosystems also adjusted to the sta-
bility. Now that is beginning to change.
Nature is responding to the climate change
that has taken place on a planet 0.75 degrees
Celsius warmer than preindustrial levels.
Some of the change is physical in nature,
most notably the phase change between ice
and water. Northern hemisphere lakes are
freezing later in the year and ice is breaking
up earlier in the spring.1

Glaciers are in retreat in most of the
world, with those in the tropics due to dis-
appear in 12–15 years. Some of these are
important water sources for cities like La
Paz and Quito. Others are important for the
major rivers of China and the Ganges. This
hydrological shift obviously has implications
not only for human populations but also for
the ecosystems that depend on them.2

The most dramatic changes are those
taking place in the Arctic: the summer
retreat of the sea ice of the Arctic Ocean has
been accelerating, as might have been anti-
cipated with more dark water exposed and
absorbing heat from the sun. The biodiver-
sity poster child for this situation is the Polar
Bear, now listed as threatened under the
U.S. Endangered Species Act because the

critical habitat these huge animals need in
order to survive is literally disappearing
beneath them.3

Beyond the Arctic, the timing of the life
cycles of many plant species is changing,
plant and animal species ranges are shifting,
and the rising temperature is having numer-
ous other unexpected effects. (See Table.)
These changes are no longer single exam-
ples. They constitute statistically robust doc-
umentation that nature is on the move all
over the planet.4

Yet all these changes are relatively minor
ripples in nature. The more important ques-
tion is, What is in store? There is at least an
additional 0.5 degrees Celsius of warming
already implicit in the current atmospheric
concentrations of greenhouse gases (GHGs)
because of the lag time in the buildup of heat.5

Climate change is, of course, nothing new
in the history of life on Earth. Clearly, glaciers
came and went in the past hundreds of
thousands of years without major biodiver-
sity loss. But today’s landscapes—highly
modified by human activities—present
obstacle courses to species as they attempt
to follow the habitat conditions they need to
survive. The obvious policy response to this
is to restore natural connections in the land-
scapes in order to ease species dispersal.
A more difficult complication is that

ecosystems and biological communities do
not move as a unit. Rather, studies of past
responses to climate change (for instance,
after the retreat of the last glacier in Europe)

Climate Change’s Pressures on Biodiversity
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reveal that individual species each move in
their own direction and in their own way.
In essence, ecosystems will disassemble.
After tracking their required conditions, the
surviving species will assemble into novel
ecosystems the likes of which are difficult
to anticipate.6

Another complication is that change will
not be linear and gradual. Much as there
will be abrupt change in the climate system
itself, there will also be abrupt change in
ecosystems. In fact, such threshold changes
are already being observed. In southern
Alaska, British Columbia, the U.S. North-
west, and Colorado, as well as in Scandin-
avia and Germany, the longer and warmer
summers and less severe winters are tipping
the balance in favor of the native pine bark
beetle, for example. With one more genera-
tion able to reproduce, there are now tens of
millions of hectares where up to 70 percent
of the trees are dead, creating an enormous
timber and fire management problem and,
through the loss of trees, adding yet more
carbon dioxide (CO2) to the atmosphere. It
will be difficult to anticipate all such thresh-
old changes; indeed, the world can expect

a lot of surprises.7

In addition, change at an even greater
scale—namely, system change—can be
expected, such as with the hydrological cycle
of the Amazon. It has been known for 30
years that the Amazon forest has the
remarkable feature of generating an impor-
tant fraction of its own rain. Windborne
moisture from the Atlantic Ocean drops as
rain, and most of it evaporates from the
complex surfaces of the forest or is trans-
pired by the trees, thus returning to the
westward moving air mass to become rain
and to then recycle again farther to the west.
This is important in maintaining the forest
and providing precipitation farther south on
the continent.8

In 2005, the Amazon “rain machine” sys-
tem failed, creating the greatest drought in
recorded history in Amazonian Brazil. This
was traced to changes in the Atlantic circula-
tion—and believed to be a preview of what
climate change could bring. Indeed, most of
the major climate models, particularly that
of Britain’s Hadley Centre, predict “Amazon
dieback” at somewhere around a tempera-
ture change of plus 2.5 degrees Celsius.9

Indicator Changes to Date

Flowers Blooming earlier at Kew Gardens in London

Tree swallows Migrating, nesting, and laying eggs earlier

Butterflies Ranges shifting for Edith’s Checkerspot Butterfly in western United States and for
many species in Europe

Golden Toad of Formerly found in Costa Rica, first species to become extinct due to climate change
Monteverde

Eel grass Southern limit in U.S. Chesapeake Bay moving northward every year

American ash tree Warmer and longer summers allowed Emerald Ash Borer to produce one more
generation than before, producing massive tree death

Coral reefs Algae expelled from reefs due to warming water, leading to coral “bleaching events”

Source: See endnote 4.

Selected Examples of Climate Change’s Effects on Biodiversity
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An even more devastating system change
is already taking place: the acidification of
the oceans. This is change driven by the
increased concentrations of carbon dioxide
in the atmosphere. So much attention had
been paid to the CO2 absorbed by the
oceans (which has kept climate change from
being even greater) that the portion of the
CO2 converted to carbonic acid was largely
overlooked. The oceans are today 0.1 pH
unit more acid than in preindustrial times.
That may seem inconsequential, but
because pH is a logarithmic scale, this is
equivalent to 30 percent more acid.10

Increasing acidity is a matter of great
consequence because tens of thousands of
marine species build shells and skeletons
from calcium carbonate. They depend on a
calcium carbonate equilibrium that is sensi-
tive to both temperature and pH: the colder
and more acid the water is, the harder it is
for organisms to mobilize calcium carbon-
ate. This includes species like corals or
Giant Clams. It also includes tiny planktonic
organisms that exist in huge profusion at
the base of marine food chains. Change is
already being detected at the base of food
chains off Alaska and in the North Atlantic.11

What can be done to diminish as much
additional climate change as possible and to
simultaneously buffer natural systems
against the change that is all but inevitable?
The former involves producing a new energy
basis for civilization. One component of that
is reducing CO2 emissions from the destruc-
tion of modern biomass, principally tropical
forests. At the moment that accounts for
roughly one fifth of the annual increase in
GHG concentrations. This makes Indonesia
and Brazil the third and four largest CO2-
emitting nations even though their fossil-
fuel-derived emissions are relatively low.12

But forest carbon (other than reforesta-
tion and afforestation, and to a large extent

plantation forests) was left out of the current
arrangements for carbon trading through the
Clean Development Mechanism established
in the Kyoto Protocol. Its status is currently
being explored in hopes of negotiating a sys-
tem to reward countries for reducing emis-
sions from deforestation and degradation.
Finding a solution to lower and eliminate
this source of CO2 emissions is good for the
forest, good for biodiversity, good for forest
peoples, and good for the climate.
At the same time, a great deal of atten-

tion needs to be paid to “adaptation,” to
making biodiversity and ecosystems resilient
in the face of climate change. Natural con-
nections urgently need to be reestablished in
landscapes to facilitate the dispersal of indi-
vidual species as they follow the conditions
they need to survive. Basically, the opposite
of the current situation of patches of nature
in human-dominated landscapes needs to
be created, so that human needs and aspira-
tions are embedded in a natural matrix.
A second obvious measure is to reduce

other stresses on ecosystems so that they do
not reinforce the changes taking place in a
warming world—by reducing siltation, for
instance, on coral reefs. Biodiversity and
ecosystems basically integrate all environ-
mental stress, so this aspect makes the
existing conservation and environment
agenda even more important.
A lot of the potential management and

adaptation measures are hard to design
using the extremely coarse scale of global
climate models. Managers need a much
more precise idea of what kind of change is
likely to take place within a square kilometer
and over the next few decades. This can be
greatly facilitated by “downscaling,” which
can be done quickly and cheaply using
laptops instead of supercomputers. There
will undoubtedly be a succession of down-
scaled projections, each refining scientists’



understanding of what is likely to happen in
small units of landscape. One of the most
useful things that can be done quickly is to
produce a first set of downscaled projections
that can highlight the challenges that man-
agers need to address.

In particular situations, adaptation options
can be illuminated through modeling pro-
jected range shifts of individual species, as has
been done for some of the flowering plant
species of the Cape Floral Kingdom in South
Africa. And in very special situations man-
agement can actually “assist” migration.
Unfortunately, the cold, hard reality is that the
number of species in the world is far too large
for these options to be used extensively.13

Adaptation to sea level rise, although vir-
tually nonexistent for low-lying islands, is
possible in coastal areas. The Nature Con-
servancy has a valuable experiment on this
in Albemarle Sound in North Carolina that
anticipates sea level rise and will facilitate
the development of new freshwater wetlands

as current ones become tidal. But such
adaptation is useful only with gradual sea
level rise, not the rapid rise likely to occur
following major changes in the Greenland
ice sheet, for example.14

The world’s protected areas are certainly
not being invalidated because the species
for which many were established will move
away. Indeed, they have a new conservation
role: to be the safe havens from which
species will move to new locations. Without
the existing protected areas, there will be
nowhere for the new biogeographical pattern
to emerge from. Species will of course need
safe havens once they have moved and will
need natural connections in the landscape
to facilitate the movement to those areas.
The most important conclusion is that

ecosystems and biodiversity are extremely
sensitive to climate change and represent
one of the most urgent reasons to limit
additional change. The warming inherent in
current GHG levels will bring the planet’s
average temperature increase to 1.3 degrees
Celsius. This is just a bit more than half a
degree short of the level at which many
conservation organizations anticipate eco-
systems will be in serious trouble. Yet since
there are already threshold changes in eco-
systems and ocean acidification at current
levels of climate change and greenhouse gas
concentrations, dangerous change is likely
to appear before 2.0 degrees Celsius. In
essence, biodiversity is indicating climate
change needs to be treated with unprece-
dented immediacy and urgency.15
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Emerald Ash Borer larva in fall
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The world’s small island developing states
(SIDS) are often cited as the most vulnera-
ble countries to climate impacts and the
first nations on Earth to face critical climate
change thresholds. Yet they have contributed
least to the growing concentrations of green-
house gases in the atmosphere and so have
the least responsibility for the crisis the
world now faces. They are least likely to be
heard at the negotiating table, as they lack
the political weight of the major emitters. As
a result, their vulnerability goes unnoticed
and their voices go unheard. They are also
least likely to be the beneficiaries of climate
funds, most of which get spent on mitigation
(particularly energy projects) rather than
adaptation. And when action is taken they are
least likely to be involved in the consultations.
The Caribbean states provide a good

example of the vulnerability of small islands
states. According to the New Economics
Foundation, the increased strength of storms
and hurricanes and the surge in their des-
tructive forces have affected hundreds of
thousands of victims and led to multimillion-
dollar damages. In 2004 Grenada, an island
considered to be outside the hurricane belt,
was devastated when Hurricane Ivan struck,
destroying over 90 percent of the country’s
infrastructure and housing stock and caus-
ing over $800 million in damages, the equiv-

alent of 200 percent of Grenada’s gross
domestic product. The increase in frequency
and intensity of these storms expected due
to climate change could well place further
strain on political, social, and economic sys-
tems and act as an additional constraint on
development in the region.1

These islands depend on fragile eco-
systems such as coral reefs. Globally, coral
reefs provide critical habitat for more than
25 percent of marine species and contribute
more than $30 billion in annual net eco-
nomic benefit. Recent studies estimate that
a third of the world’s reef-building coral
species are facing extinction. Climate
change, coastal development, overfishing,
and pollution are the major threats. A new
analysis shows that before 1998, only 13 of
the 704 coral species assessed would have
been classified as threatened. Now the num-
ber in that category is 231.2

The Caribbean has the largest proportion
of corals in high extinction risk categories,
but reefs in the Indian Ocean and the Pacific
are also likely to be decimated. Sea level
rises, flooding, and storm surges are a par-
ticular concern for the atoll states in the
Pacific and Indian Oceans. If the projections
of the Intergovernmental Panel on Climate
Change prove correct, these island nations
will effectively disappear by the end of this
century.3

SIDS also suffer from a lack of natural
resources, often have limited freshwater
supplies, and are constrained by poor trans-

Small Island Developing States
at the Forefront of Global Climate Change

Edward Cameron

Edward Cameron is a Washington-based climate
change specialist who has worked extensively with
small island states.



72 WWW.WORLDWATCH.ORG

Climate Connections STATE OF THE WORLD 2009

port and communication infrastructure. This
means they are particularly susceptible to
even small changes in the global climate.
Furthermore, the chronic lack of adaptive
capacity, including financial, technical, and
institutional resources, means they are ill
prepared to deal with these multiple threats.
Today small island states are striving to

achieve long-term sustainable development
and implement the Millennium
Development Goals (MDGs). Climate
change impacts are already undermining
their efforts, however.
The first MDG—to eradicate extreme

poverty and hunger—is being affected by
changing patterns of food production and
the gradual undermining of livelihoods.
Many of these islands depend heavily on
tourism and natural resources for their eco-
nomic livelihood. They also depend on local
staples and species for the bulk of their
food. Threats to biodiversity and coral reef
systems will reduce these livelihood assets,
undermine economic performance, and
threaten regional food security.
The second goal—to achieve universal

primary education—is being compromised
by extreme weather events that create a cycle
of destruction and reconstruction and that
reduce the amount of investment flowing
into long-term development. Tropical
cyclones destroy schools and hospitals,
damage public utilities and infrastructure
(including energy, water, and transport con-
nections), and so reduce access to educa-
tion, health care, and other public services.
Loss of national revenue from associated
impacts may also undermine public spend-
ing on education.
The third MDG—to promote gender

equality and empower women—is jeopar-
dized, as women living in poverty are often
the most threatened by the dangers that
stem from climate change. Cultural norms

can mean that women do not have the
appropriate skill sets to deal with myriad
impacts. The statistics indicating fatalities
from extreme weather events are revealing in
this regard. Moreover, as resources become
scarcer, women and young girls spend more
time collecting food and water and less time
caring for their health and education.
Three of the MDGs deal with health and

aim to reduce child mortality, improve
maternal health, and combat HIV/AIDS,
malaria, and other diseases. The World
Health Organization and leading health
providers are anticipating an increase in
waterborne and vector-borne diseases, in
diarrheal diseases, and in malnutrition as a
result of associated climate impacts. This
could lead to increases in child mortality, a
reduction in maternal health, and the under-
mining of nutritional health needed to com-
bat HIV/ AIDS.4

In the Maldives, a small islands nation in
the Southern Indian Ocean, the human
drama of climate change is a daily reality for
300,000 residents. In 1987 the President of
the Maldives, Maumoon Abdul Gayoom,
became the first world leader to draw atten-
tion to the threat of climate change. In a
landmark speech to the United Nations Gen-
eral Assembly, he warned that this would
result in the death of his nation and others
like it. Twenty years on and the effects of
climate change are already evident: storm
surges and coastal erosion destroy homes,
pose dangers to infrastructure and utilities,
and divert limited resources from strategic
development.5

In the medium term, rising ocean
temperatures, coupled with growing acidifi-
cation, threaten the survival of coral reefs in
the Maldives—the very lifeblood of the econ-
omy. The island’s two principal industries,
tourism and fisheries, are entirely dependent
upon the reefs. They account for 40 percent
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of the national economic output and
more than 40 percent of the jobs.
Together, these industries have
fueled the sustained and enviable
economic development that has
enabled the Maldives to grow from
being one of the poorest countries
in South Asia in the 1970s to the
richest country per capita in the
region today.6

In the long term, it is not eco-
nomic development but the
country’s very survival that is threat-
ened. With most of the islands lying
less than one meter above sea level,
this generation—the most fortunate
one to have ever lived on these
islands—may be the last one to live
in the Maldives.
Since some degree of climate change is

already inevitable as the effects of current
concentrations of greenhouse gases in the
atmosphere continue to be felt for the next
few decades, the government of the Mal-
dives has developed a comprehensive pro-
gram of domestic adaptation. Work has
concentrated on reinforcing vital infrastruc-
ture, particularly related to transport and
communications. Public services ranging
from water supply and electricity generation
to the provision of health care and education
are being strengthened against climate
threats. Flood defenses have been con-
structed, and measures are being taken to
minimize coastal erosion.7

Perhaps the most innovative adaptation
measure is the development of the “safe
island” concept. This initiative is designed to
minimize climate vulnerability by resettling
communities from smaller islands that are
more vulnerable onto larger, better-protected
ones. This lets the government concentrate
limited resources on protecting the more
viable islands. It also allows for public

services to be strengthened and economic
opportunities to be developed.8

Domestic adaptation in the Maldives
and throughout other vulnerable societies
will involve significant engineering projects
and large financial investments. It will also
require large-scale capacity building to
strengthen institutional capacity, to enhance
knowledge, human, and financial resources,
and to encourage an awareness-raising pro-
gram to prepare people for the inevitable
changes.
Adaptation without mitigation will result

in little more than a temporary respite, post-
poning catastrophic climate change to a
later date. Urgent and ambitious action must
be taken to reduce greenhouse gas emis-
sions. Small island states have been active
in attempts to find a global consensus on
climate action from the very beginning.
Indeed, the momentum to create the United
Nations Framework Convention on Climate
Change and the Kyoto Protocol was in part
a result of moral and ethical arguments
advanced by members of the Alliance of
Small Island States (AOSIS), earning the
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Part of the Maldive tourist infrastructure at risk of sea level rise
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organization the title of “Conscience of the
Convention.”
Today AOSIS members are participating

actively in the Bali process, which seeks to
find an appropriate global climate regime to
succeed the Kyoto Protocol’s first commit-
ment period, which expires in 2012. The
AOSIS negotiating position for the Bali pro-
cess is entitled No Island Left Behind. It out-
lines three long-term strategic objectives:
• An ambitious long-term goal for reducing
greenhouse gas emissions should be the
organizing point for all other processes
within the Bali process. This implies deep
and aggressive cuts in emissions to levels
that keep long-term temperature increases
as far below 2 degrees Celsius above prein-
dustrial levels as possible.
• More funding for adaptation is needed,
with priority access given to SIDS on an
expedited basis based on their specific
vulnerabilities and lack of capacity.
• SIDS need support and technical assis-
tance to build capacity and gain access to
technologies to respond and adapt to cli-
mate change across a wide range of socio-
economic sectors.9

AOSIS favors an expanded and broad-
ened Kyoto protocol, with clear opportuni-
ties for developing countries that may wish
to enter into full Kyoto commitments. The
overall outcome should use impacts on
SIDS as a benchmark for effectiveness and
success. Although AOSIS has had a legiti-
mate and important voice in the climate
change process, the organization has often
suffered from its own capacity constraints
and from division among its members.
Many countries have become frustrated

at the lack of urgency and ambition in inter-

national negotiations and believe that the
time has come to change the dynamic by
introducing new approaches to solving the
climate crisis. In March 2008, the govern-
ment of the Maldives, working closely with a
number of other island nations and drawing
on the support of more than 70 countries,
introduced a resolution on climate change
and human rights at the United Nations
Human Rights Council in Geneva. It called
on the Office of the High Commissioner for
Human Rights to conduct an analytical
study exploring the interface between
human rights and climate change. This
groundbreaking and innovative initiative
seeks to import the rhetorical, normative,
and operational force of international
human rights law into the climate change
discourse.10

A rights-based approach to climate
change holds a great deal of promise for
small island states as they seek to inject
urgency and ambition into mitigation policy
while simultaneously lobbying for increased
financial flows to support mitigation. First, a
rights-based approach could help improve
analysis of the human impacts of climate
change by linking it to realizing more than
50 international human rights laws, such as
the right to life, health, and an adequate
standard of living. Second, a rights-based
approach replaces policy preferences with
legal obligations and turns the communities
most vulnerable to climate change from pas-
sive observers of climate negotiations into
rights holders. This will give voice to the vul-
nerable and compel the major emitters to
act on climate change before the clock runs
out on small island states.
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Cities are often blamed for contributing dis-
proportionately to global climate change.
Numerous sources state that cities are
responsible for 75–80 percent of all human-
caused greenhouse gases (GHGs)—
although the scientific basis for these figures
is unclear. One detailed analysis concluded
that the number is more like 40 percent.1

In fact, many cities combine a good qual-
ity of life with relatively low levels of green-
house gas emissions per person. There is
no inherent conflict between an increasingly
urbanized world and reduced global GHG
emissions. Focusing on cities as “the prob-
lem” often means that too much attention
is paid to the reduction of greenhouse gas
emissions, especially in low-income nations,
and too little to minimizing climate change’s
damaging impacts. Certainly, the planning,
management, and governance of cities
should have a central role in reducing GHG
emissions due to human activities world-
wide. But this should also have a central role
in the often neglected activities of protecting
people in cities from the floods, storms, heat
waves, and other likely impacts of climate
change.
The main sources of greenhouse gas

emissions in cities are the use of energy in

industrial production, transportation, and
buildings (heating or cooling, lighting, and
appliances) and waste decomposition.
Transport is an important contributor to
GHG emissions in almost all cities, although
its relative contribution varies a lot—from
around 11 percent in Shanghai and Beijing
(in 1998) to around 20 percent in London
and New York and as much as 30–35 percent
in Rio de Janeiro and Toronto.2

GHG inventories show more than a tenfold
difference in average per capita emissions
between cities—with São Paulo responsible
for 1.5 tons of carbon dioxide-equivalent per
person compared with 19.7 tons per person
in Washington, DC. If figures were available
for cities in low-income nations, the differ-
ences could well be more than 100-fold. In
most cities in low-income nations, GHG
emissions per person cannot be high
because there is scant use of fossil fuels
and little else to generate other greenhouse
gases. There is little industry, very low levels
of private automobile use, and limited own-
ership and use of electrical equipment in
homes and businesses.3

Thus perhaps it is not cities in general
that are the main source of greenhouse gas
emissions but only cities in high-income
nations. Yet an increasing number of studies
of particular cities in Europe and North
America show that they have much lower
levels of greenhouse gas emissions than
their national averages. New York and Lon-
don, for example, have much lower emis-

The Role of Cities in Climate Change
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sions levels per person than the average for
the United States and the United Kingdom.4

Of course, it is not cities (or small urban
centers or rural areas) that are responsible
for greenhouse gas emissions, but particular
activities. Figuring out how to allocate emis-
sions to different locations is not a simple
exercise. For instance, locations with large
coal-fired power stations are marked as very
high GHG emitters, even though most of
the electricity they generate may be used
elsewhere. That is why it is common in GHG
inventories for cities to be assigned the
emissions generated in providing the
electricity used within their boundaries, and
it explains why some cities have surprisingly
low per capita emissions: much of the
electricity they import comes from hydro,
nuclear power, or wind and solar, not from
fossil-fueled power stations.
There are other difficulties too. For

instance, do the emissions from gasoline
used by car-driving commuters get attri-
buted to the city where they work or the sub-
urb or rural area where they live? Which
locations get assigned emissions from air
travel? Total carbon emissions from any city
with an international airport are greatly influ-
enced by whether or not the city is assigned
the fuel loaded onto the aircraft—even if
most of the fuel is used in the air, outside
the city.
A more fundamental question is whether

greenhouse gas emissions used in produc-
ing goods or services are allocated to pro-
duction or consumption. If they are assigned
to the location of the final consumer, much
of the greenhouse gas emissions from agri-
culture and deforestation would go on the
tally sheet of the cities where wood products
are used and food is consumed. If instead
they are assigned to where goods are pro-
duced, then a city that was a major producer
of windmills, photovoltaic cells, and hydro-

gen-fueled buses could have high green-
house gas emissions per person even
though its products help keep emissions
down wherever they are used.
These questions over how to assign GHG

emissions have enormous significance for
allocating responsibility for reducing emis-
sions between nations and, within nations,
between cities and other settlements.
If China’s major manufacturing cities are
assigned all the GHG emissions related to
exported goods (including the coal-fired
electricity that helped produce them), this
implies a much larger responsibility for
moderating and eventually reversing emis-
sions than if the nations or cities where
goods are used are held accountable. Thus,
seeing cities as “the problem” misses the
fact that the driver of most GHG emissions
is the consumption patterns of middle- and
upper-income groups in wealthier nations,
including those who live outside cities.
This attitude also misses the extent to

which well-planned and well-governed cities
can provide high living standards without
high greenhouse gas emissions. Consider
the large differences among wealthy cities in
gasoline use per person. People in most
U.S. cities use three to five times as much
gasoline as people in most European cities
because of much higher private automobile
use. But even within U.S. cities people can
have a relatively small carbon footprint. On
a per capita basis, for example, New Yorkers
emit just 30 percent as much greenhouse
gas as the national average, in part because
of smaller and more concentrated houses
and apartments and the greater use of pub-
lic transportation. Many of the most des-
irable (and expensive) residential areas in
the world’s wealthiest cities have high densi-
ties and buildings that minimize the need
for space heating and cooling—in distinct
contrast to houses in suburban or rural
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areas. Most European cities have high-den-
sity centers where walking and bicycling are
common. High-quality public transport can
keep down private car use.5

Cities also concentrate so much of what
contributes to a high quality of life that does
not involve high material consumption (and
thus high GHG emissions): theater, music,
museums, libraries, the visual arts, dance,
and the enjoyment of historic buildings and
districts. They have long been places of
social, economic, and political innovation—
something already evident regarding climate
change. In many high-income nations, city
politicians like Mayor Michael Bloomberg of
New York and Ken Livingston (when he was
mayor of London) are more committed to
reducing greenhouse gas emissions than
national politicians are.6

How a city is planned, managed, and gov-
erned also has important implications for
how it will cope with the impacts of climate
change. Most cities in low-income nations in
Africa and Asia have very low emissions per
person. Yet they house hundreds of millions
of people who are at risk from the increased
frequency or intensity of floods, storms, and
heat waves and from the water supply con-
straints that climate change is likely to bring.
Discussions of climate change priorities so
often forget this. And these risks are not eas-
ily addressed, especially by international aid
agencies that show little interest in tackling
the reasons so many people are at risk, such
as the lack of provision for urban infrastruc-
ture (such as drains) and the high propor-

tion of people living in poor-quality homes
in informal settlements. A great deal of
urban expansion increases risks from cli-
mate change, because the only sites that
low-income groups can find for their houses
are on floodplains or other dangerous sites.7

But there are some good precedents to
show what can be done. Manizales in
Colombia, for example—long an innovator
in environmental policies—has shown how
to reduce risks for vulnerable populations,
as people living on dangerous hillsides were
provided with alternative sites and the
hillsides were turned into locally managed
eco-parks. Yet the good examples will remain
isolated and unusual unless national govern-
ments and international agencies learn how
to support these kinds of local innovations
on a much larger scale.8
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Traffic on Avenida Atlântica, Copacabana Beach, Rio
de Janeiro, with a pall of pollution on the horizon
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Climate change has multiple direct and indi-
rect consequences for human health—all of
which are important. Climate change also
threatens to disrupt Earth’s life-support sys-
tems that underlie health and well-being.
After all, human health and well-being basi-
cally depend on the health of crop systems,
forests, other animals, and marine life.
Health is the final common pathway for
environmental and social conditions.
Thus, the well-documented threats that
climate change holds for societies and for
ecosystems—for coral reefs, forests, and
agriculture—ultimately pose the greatest
long-term threats to health, nutrition, and
well-being.1

One of the first direct and most obvious
results of climate change—an outcome
clearly tied to rising average temperatures—
is heat waves. These are expected to take an
increasing toll in all nations. The dispropor-
tionate increase in nighttime temperatures
since 1970 and the rising humidity that
stems from warming oceans and a heated
atmosphere increase the health threats from
heat waves.2

Extreme weather events, especially heavy
downpours, can create conditions conducive
to “clusters” of diseases carried by mosqui-

toes, rodents, and water. In addition, more-
intense hurricanes, droughts, and sea level
rise are all projected to increase substan-
tially the number of refugees and internally
displaced persons across the globe—condi-
tions that will squeeze resources (like water
and food) and raise the risk of epidemics of
communicable diseases.3

Intense storms have other, less obvious
effects on health. When Hurricane Mitch hit
Central America in October 1998, it depos-
ited six feet of rain in three days, causing
flooding, landslides, and mudslides, and it
dislodged pesticide-laden soils from banana,
sugarcane, and African palm plantations as
well as sediments from ancient Mayan ruins.
Areas surrounding gold mines became heav-
ily contaminated with toxic chemicals and
heavy metals, and surveys of the local popu-
lation have shown a dramatic rise in skin
and eye diseases. Along with causing 11,000
deaths, Mitch brought epidemics of malaria,
dengue fever, cholera, and leptospirosis, and
the damages continue to affect development
in Honduras today.4

Changes in the availability of water due to
climate change are another area of concern.
Droughts and disappearing glaciers are pro-
jected to take an increasing toll on health,
agricultural yields, and hydropower. Drought,
for example, is associated with epidemics
of bacterial meningitis across the African
Sahel. And water shortages contribute to
waterborne disease outbreaks.5

Warming also expands the potential range

Climate Change and Health Vulnerabilities
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of infectious diseases and disease carriers.
In southern Honduras, the warming has been
so great that malaria no longer circulates.
But people have also found the tempera-
tures inhospitable and have moved north
into forested areas ripe with malaria; so the
indirect impact of climate change is that
more people are exposed to health threats.
Insect pests can affect not just humans but
also forests and crops, as well as livestock
and wildlife.6

To deal with these escalating problems,
health care systems must be supported and

public health services strengthened. Needed
environmental measures include ecologically
sound control of vector-borne diseases, such
as malaria and dengue fever. Community
research on the prevention of malaria has
demonstrated that integrated control can be
achieved without using DDT. The measures
needed include community participation and
training, treatment of infected populations,
and larval control of anopheline mosquitoes.7

Such solutions require organizing com-
munities and mobilizing international forces
to address these vital problems. Education is
an essential component of all solutions. The
development of schools that are ecologically
sustainable in Colombia, El Salvador, Hon-
duras, and Guatemala by Friends of the
Earth International has helped in the search
for appropriate solutions to climate change
and health problems. Organic, locally grown
agriculture promotes health and nutrition—
the basis of resistance to disease.8

Health ministries must have convening
power and support to work with ministries
of agriculture, planning, education, and
finance on climate change protection, pre-
paredness, and prevention. At the interna-
tional level, the World Health Organization
can provide guidelines for all nations to
prepare for climate change–related ills and
“natural” catastrophes. Financial support
for this initiative is sorely needed.
Energy poverty is standing in the way

of achieving the Millennium Development
Goals. The bottom line is that health must
again take center stage and—as it did in the
nineteenth and early twentieth centuries,
when vast improvements in basic water and
sanitation were made—become the corner-
stone of clean, healthy, and sustainable
development.9
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A Honduran boy excited about a carrot from
his parents’ organic garden—established with
technical assistance and support from Sustain-
able Harvest International
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In 2009, the eyes of the world will be on
China, India, and the United States. The
threat of climate change is now so great,
and dealing with it effectively is so central to
the future of national economies, that new
scripts are being called for. The role of the
United States as the world’s single largest
polluter in per capita terms remains pivotal.
But China and India are now assuming an
importance they did not have in 1997, when
the world came together in Kyoto to do a
deal on climate change.

This is a moment of decision for India.
How can a country with one sixth of the
global population, and more billionaires
than Japan, not play a leadership role on the
climate agenda? As the world’s third largest
economy (in purchasing power parity
terms), and the fourth largest emitter of
greenhouse gases (GHGs), India’s positive
engagement will be crucial to constructing
a “global deal” on climate at Copenhagen,
the next pivotal meeting of governments
that are party to the Framework Convention
on Climate Change.1

For India, the stakes are too high to con-
tinue with politics as usual. Many studies
have underscored the nation’s vulnerability
to climate change. The impacts are already
being seen in unprecedented heat waves,
floods, cyclones, and other extreme weather
events. With its long coastline, India is expe-

riencing sea surges and salinization, affect-
ing infrastructure, agriculture, fisheries,
livelihoods, and human health. Food security
is being compromised through reduced crop
yields, and water security is under threat
everywhere with declining water tables, con-
flicts over rivers and basins, and the prospect
of severely diminished freshwater resources
due to glacier retreat in the Himalayas.2

The government claims it is already
spending over 2 percent of gross domestic
product (GDP) on measures to adapt to the
impacts of the changing climate. The Carbon
Disclosure Project estimates that climate
change could result in a loss of 9–13 percent
in the country’s GDP in real terms by 2100.3

Given India’s deeply stratified society, the
hardest hit will be the poor and the margin-
alized. India is home to one third of the
world’s poor and a still growing, predomin-
antly youthful population. By 2045 India will
have overtaken China as the most populous
nation, with an estimated population of 1.501
billion compared with China’s 1.496 billion.4

Although India has not been an emitter
historically, the past is no predictor of the
future. As the economy grows and consump-
tion patterns change, there is little doubt
that emissions will rise and the country’s
carbon footprint will increase dramatically.
The International Energy Agency projects that
India will become the third-largest emitter by
2015, precisely when global GHG emissions
need to peak if the world is to avoid the
severest impacts of climate change.5

India Starts to Take on Climate Change
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India’s problem is its energy economy.
The country has an extremely high depen-
dence on fossil fuels—in particular on
imported oil and dirty coal, which it has in
abundance. Fossils fuels are responsible for
83 percent of India’s carbon dioxide
emissions; coal alone accounts for 51
percent. Addressing climate change effec-
tively therefore will require a transformation
of India’s energy economy.6

The government’s rhetoric on this topic
remains tinged with fear. While it recognizes
that “global warming will affect us seri-
ously,” the government concludes that “the
process of adaptation to climate change
must have priority” and that “the most
important adaptation measure is develop-
ment itself.”On mitigation, the government
is unequivocal: “With a share of just 4
percent of global emissions, any amount of
mitigation by India will not affect climate
change.” Instead the government calls for
action by industrial countries and a burden-
sharing formula based on historical culpabil-
ity, common but differentiated
responsibilities, differences in respective
capabilities, and the per capita emissions
principle. The Prime Minister has pledged,
however, that India’s per capita emissions
(presently 1.2 tons annually) will never
exceed those of industrial countries.7

Yet if the Intergovernmental Panel on Cli-
mate Change’s figures are to be believed,
India will experience “the greatest increase
in energy and greenhouse gas emissions in
the world if it sustains eight percent annual
economic growth or more as its primary
energy demand will then multiply at least
three to four times its present levels.” A
change of direction therefore is very much
needed.8

The government has recognized that
business as usual is no longer tenable.
For example, the Eleventh Five Year Plan

(2007–12) commits the country to reducing
energy intensity per unit of GHG by 20 per-
cent in the period 2007 to 2017. Further, it
seeks to boost access to cleaner and renew-
able energy by “exploiting existing resources
(e.g., hydropower and wind power), develop-
ing nuclear power, and also supporting
research in newer areas such as biofuels
from agro-waste, solar energy, etc.”9

In June 2008, the Prime Minister released
the much-anticipated National Action Plan
on Climate Change. It focuses on eight areas
intended to deliver maximum benefits for
climate change mitigation and adaptation in
the broader context of promoting sustain-
able development: solar energy, energy effi-
ciency, sustainable habitat, water, sustaining
the Himalayan ecosystem, green India, sus-
tainable agriculture, and sustainable knowl-
edge for climate change.10

The plan was launched with much fan-
fare, but the detailed action plans for each
area are yet to be worked out, and the docu-
ment contains virtually no targets or time-
tables. The Climate Challenge India coalition
concluded that while the Action Plan is a
more coherent approach to sustainable
development across government depart-
ments, it is not a new agenda based on
ensuring climate security or a strategy for a
low-carbon pathway for India. The group gave
the report a B+ for effort and a D for vision.11

Although the Action Plan may have been
a missed opportunity for leadership by the
government, it did contain some innovations
such as a domestic cap-and-trade system as
an incentive for emissions reductions in
nine energy-intensive sectors. It also stands
full-square behind market tools such as the
Clean Development Mechanism (CDM),
which the government has used as a lever
to accelerate take-up of clean technology by
Indian firms and to encourage participation
in the global $30-billion carbon market.
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India now accounts for more than one third
of all CDM projects registered worldwide.12

The government can claim some credit
for a few achievements that provide a good
foundation for further improvements. For
example, India was the first country to estab-
lish a ministry for non-conventional energy
sources and has the world’s fourth largest
installed wind power capacity. Since 2004,
India has managed to decouple economic
growth from energy use, with the economy
growing annually at a rate of over 9 percent
but energy growing at less than 4 percent.
The country has had an energy labeling pro-
gram for appliances since 2006, with almost
all fluorescent tube lights and about two
thirds of refrigerators and air conditioners
now covered by the scheme.13

Yet it will take more than a smattering
of good examples to make the changes
needed. Instead of following the example of
industrial countries, India needs to opt for
smart, low-carbon growth and make sustain-
ability the organizing principle of its econ-
omy and modernization agenda. For a
country with an advanced nuclear program
and space exploration ambitions, leap-
frogging from a high-carbon to a low-carbon
energy economy is timely and possible.

The good news is that change is coming.
And India’s business community appears to
be setting the pace. Dismayed at the lack of
government leadership, many people in the
business community are beginning to tackle
climate change head-on as a business
issue. In a recent survey of Indian business
leaders, 83 percent of those questioned said
they had a fair to good understanding of cli-
mate change, 65 percent said that India
should be leading the way, and almost half
said that climate change is a crucial and
urgent issue that should be near the top of
India Inc.’s agenda.14

Many Indian businesses are beginning to

look to the future and invest in clean energy,
energy conservation and efficiency, smart
buildings, and green products. They realize
the market is changing and the time to act is
now. Industrialist Anand Mahindra relishes
his “eco-warrior” tag, for instance, and views
climate change as an emerging consumer
and competitiveness issue. He wants his
group to be at the forefront of addressing
it and is redesigning his automotive portfo-
lio accordingly.15

ITC’s headquarters in Gurgaon is LEED
Platinum-rated by the U.S. Green Building
Council. Infosys, another sector leader, has
embraced carbon neutrality, and Bangalore’s
Reva car is now the world’s biggest selling
electric vehicle. Cleantech and renewable
energy investments are soaring in India, and
the domestic wind power giant Suzlon is
now the largest in Asia and fifth largest glob-
ally. Solar energy is undergoing a renais-
sance, with companies such as Tata BT
Solar betting on it meeting the majority of
India’s energy needs by 2100.16

These examples show that India Inc. is
prepared to move and doing so voluntarily
in many respects. None of this should
surprise anyone familiar with the country’s
deep-rooted enterprise culture. Where there
is a market opportunity, Indian business will
find it. With a supportive policy environ-
ment—in particular, a carbon tax to level the
playing field—fiscal incentives, improved
infrastructure, and clear standards and guid-
ance, Indian business can do much more.
What is needed is a strategic partnership
between government and the private sector
for a low-carbon development path. Estab-
lishing low-carbon innovation zones to incu-
bate and promote such initiatives, as is
being piloted in China, could be one imagi-
native way forward.17

Cities and municipalities are also tackling
energy and environmental challenges, par-
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ticularly in transportation—India’s
fastest-growing user of energy. Ban-
galore is leading the way with a
state-of-the-art low-emissions
mass transit system, and Delhi is
subsidizing the purchase of Reva
electric cars. A new breed of eco-
developer is focusing on housing,
seeking to capitalize on a projected
$4-billion market for green
buildings by 2012 and pushing
existing building codes on energy
efficiency.18

Civil society groups are mobiliz-
ing, and initiatives such as Climate
Challenge India are leading the way
with new thinking and optimism.
India’s “generation next” is coming
together in networks such as the
Indian Youth Climate Network. Media lead-
ership is emerging, with national papers and
magazines dedicating themselves to climate
coverage. Madhya Pradesh, one of India’s
largest states, has broken new ground by
establishing a committee on climate change.
So all across India there is a palpable sense
that the country has awoken and is on the
move on climate change.19

These are small beginnings, but they rep-
resent a huge opportunity. The year 2009 is
very different from those before it. With elec-
tions in both India and the United States,
and with domestic electorates more alive to
the need for action and leadership, it is a
game-changing moment. Both India and
the United States need a new narrative that
looks forward, not backward. One where the

politics of blame is replaced by the recogni-
tion of a shared dilemma and the value of
collective action.

The shaky global economy provides a stark
backdrop to why cooperation in an interde-
pendent world is the only way forward. To
succeed, climate change must be reframed
as an agenda of hope, growth, innovation,
and opportunity. It must be used to mobilize
a new sense of national purpose and imbue
people with optimism. India has a billion
good reasons for leadership on climate
change. Addressing this could be the best
way for the country to secure prosperity
and development. If India truly aspires to
greatness, no other issue is more timely
or compelling.
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A charcoal vendor in Mysore, India
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As the world considers what to do about cli-
mate change, attention has turned to China,
the most populous and fastest-developing
country, for its current and potential emis-
sions of greenhouse gases (GHGs). China’s
carbon dioxide emissions are now estimated
to be about 24 percent of the global total,
surpassing the U.S. contribution of 21 per-
cent, although China’s per capita emissions
are still far below those in industrial coun-
tries. But China’s rapid economic growth
shows no sign of leveling off, making it
more than likely that the country’s energy
consumption and GHG emissions will con-
tinue to grow. The energy path China follows
is going to determine not only its own devel-
opment course but also global environmen-
tal well-being.1

The dominance of coal in China’s energy
portfolio is responsible for much of its GHG
emissions, accounting for 85 percent of the
total. The country relied heavily on this dirty
conventional energy source throughout
three decades of economic boom, and it has
the world’s third largest remaining proven
recoverable coal reserves. The share of coal
in total primary energy consumption has
come down only slightly, from 72 percent in
1980 to 69 percent in 2006.2

Another source of concern is that China’s
energy consumption has shot up drastically
since the beginning of this century, after

almost two decades of low and stable growth,
mainly due to the country’s skewed industrial
structure. Industry uses 70 percent of China’s
total energy, and energy-intensive industries
such as steel, nonferrous metals, petrochem-
icals, and construction materials account for
almost half of national energy use.3

Emphasis on these energy-intensive
industries has been driven by demands from
an expanding Chinese urban population
and from overseas markets as a result of
economic globalization. The number of city
dwellers increased from 370 million in 1997
to 594 million by 2007. Thus 224 million
people—roughly as many as live in all U.S.
cities—were added to China’s cities in just
one decade. Urbanites normally use three
to four times as much energy as rural resi-
dents. And the need to accommodate, move
around, and entertain this expanding urban
population has driven up energy-intensive
sectors such as power generation, steel and
cement production, and the manufacture of
cars, appliances, and machinery.4

China’s increased emissions have also
been tied to economic globalization. This
encourages the global flow of capital and
resources, driving businesses to wherever
they can maximize profits. This has meant
the massive relocation of energy-intensive
industries to places with good investment
environments and lower costs—and China
is a major destination. Its entry into the
World Trade Organization in late 2001 fun-
damentally integrated the country into the

A Chinese Perspective on Climate and Energy

Yingling Liu
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world economy.
While exports bring wealth to the country,

continuous global demands for energy-
intensive products have also accelerated
heavy industrialization. China is the third
largest trading nation, and industrial pro-
ducts accounted for more than 90 percent
of total exports. A September 2008 study
suggested that about one third of China’s
emissions were embedded in exports in
2005, a figure that was just 21 percent as
recently as 2002.5

Since 2005, as the unbridled develop-
ment of China’s energy-intensive industries
pressured the country’s energy supply and
environment, policymakers have hastened
their efforts to move the country in a more
sustainable direction. Although many of the
energy policy changes have been for eco-
nomic, health, and security reasons, they
are also bringing immediate benefits to
the climate.

The government is experimenting with a
mix of state-led regulatory and policy tools
to restructure energy-intensive industries.
The most notable has been the ambitious
national target for increasing energy
efficiency. In early 2006 the government
announced a plan to cut energy consump-
tion per unit of gross domestic product by
20 percent by 2010.6

This announcement followed the 2005
launch of 10 national energy-saving projects
that targeted major energy-intensive sectors,
closing down and phasing out inefficient
power and industrial plants and improving
energy efficiency through technological inno-
vations, financial support, and pilot projects.
In September 2006, the government made
eight energy-intensive industries pay more
for electricity. It has also adjusted export
rebates and tariffs to discourage energy-
intensive exports. Since 2004, China has
changed the export tariff on steel products

more than 10 times, not only scrapping
export rebates of 15 percent but also levying
an export tariff of 25 percent. And in June
2007 the government abolished export
rebates for 533 energy- and resource-intensive
and polluting commodities and imposed
export tariffs on 142 of these items.7

At the same time that it is weaning energy
guzzlers from cheap electricity and export
rebates, the government has increased
financial support for energy conservation
projects. In mid-2007 it added 10 billion
yuan to the existing 6.3 billion yuan of state
bonds and an earlier input of 5 billion, mak-
ing a total of 21.3 billion yuan ($2.9 billion)
dedicated to energy-saving and emission
reduction projects. Some 9 billion yuan was
set aside for the national energy-saving pro-
jects, 13 times as much as in 2006. The gov-
ernment requires financial institutions to
increase credit support for such projects
and encourages enterprises to raise funds
through markets. Local governments have
gradually followed suit and set up special
funds for energy conservation, although these
are too limited to make visible changes.8

These state-led measures need local gov-
ernment support to make real changes on
the ground. The top leaders have taken steps
to get local officials to cooperate. The macro-
economic planning body forced local govern-
ments to abandon preferential policies on
land, taxes, and electricity prices for energy-
intensive industries. In June 2007, the State
Council (China’s cabinet) made it clear for
the first time that performance in meeting
energy-saving and emission reduction tar-
gets could be the decisive “one-vote veto” in
assessing local leaders’ political performance.
In other words, local officials risk their politi-
cal careers if they fail to save energy.9

The legal framework for reducing emis-
sions has improved gradually. In 2007,
China revised its decade-old Energy Conser-
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vation Law, defining energy saving as a basic
state policy. The law requires energy conser-
vation to be integrated in all development
plans and eases the way for enforcing and
reporting through the institutional system.
The law also has specific stipulations target-
ing industries, setting up a system to evalu-
ate and assess energy efficiency in fixed
capital investment projects, and providing
more severe punishments for enterprises
that fail to reach energy efficiency goals.10

Unfortunately, the state-led efforts have
not sparked much enthusiasm from local
governments and industries because of a
lack of incentives. And the annual energy
efficiency targets are rather arbitrary, with
few considerations of the time frame needed
by industries for such changes. As a result,
the targets were not reached in 2006 or
2007. The policies and regulations do, how-
ever, indicate the central government’s
political will, and they have cleared many
obstacles for optimal market functioning.
This has opened up a potential business
realm for energy efficiency technologies
and services.11

Yet energy saving alone cannot solve
China’s emissions problem. Despite some
improvements, energy consumption will still
rise. The country’s urban population will
continue to swell, with 45 percent of Chin-
ese already living in urban areas by 2007
(compared with about 70 percent in indus-
trial countries). Domestic demand for heavy
industrial products will thus keep on
growing and is far from being saturated. The
country will remain a major exporter as well.
Even if China meets the 2020 emission cut-
ting target proposed in its national climate
change assessment report, its emissions
could more than double by then.12

Thus China urgently needs to introduce
clean energy technologies. The country has
the necessary industrial base and potential

vast market for new clean energy options
and poses as a potential world leader in
renewable energy. This sector has seen
breathtaking development over the last three
years, driven by a mix of domestic and inter-
national factors. Its rapid evolution shows
how state policies can encourage the devel-
opment of industries for a new market niche
and how market forces can inject vitality in
the private sector and achieve policy goals at
a much faster pace. The reinforcement of
policies and markets will likely provide the
most lasting and profound force in pushing
China onto a new energy path.

Aiming to diversify the country’s energy
portfolio, China enacted a landmark renew-
able energy law at the start of 2006. It
requires the government to formulate
development targets, strategic plans, and
financial-guarantee measures for renewable
energy. It also establishes a framework for
sharing the extra costs of renewable energy
among users and requires power utilities to
buy more renewable power. In addition, the
law establishes fixed premium prices and
pricing mechanisms for biomass and wind
power.13

As a result of this law and related imple-
mentation regulations, China’s renewable
energy sector has taken off, with wind and
solar being the two leading stars. Mean-
while, a surging demand in the global mar-
ket for renewable energy products, especially
for photovoltaic (PV) systems in Europe and
the United States, has encouraged a world-
class solar PV manufacturing base to spring
up in China literally from scratch.

China is quickly becoming a global leader
in wind and solar power, in addition to its
leading position in the production and
installation of solar water heaters and in
hydro and biogas development. Wind power
is the fastest-growing renewable energy sec-
tor. New installed capacity grew by over 60
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percent in 2005, and it more than doubled in
both 2006 and 2007. By the end of 2007,
cumulative wind power capacity had reached
roughly 6 gigawatts (GW), up from 0.8 GW
in 2004—making China fifth in global wind
installations. The cumulative wind installa-
tions in 2007 exceeded the target that had
been set for 2010 only one year earlier. And
the target for 2020 of 30 GW is now likely
to be reached by 2012—eight years ahead
of schedule.14

China’s PV manufacturing has witnessed
phenomenal development in recent years as
well. Total solar cell production has jumped
from less than 100 megawatts (MW) in
2005 to 1,088 MW in 2007, making China
the world’s top solar cell producer. Chinese
experts and business leaders believe that
solar cell production will exceed 5 GW by
2010, accounting for one third of the world
total, and 10 GW by 2015, or two thirds of
the world total by then. The country is
already turning into a major solar PV base,
with the lion’s share of production being
for export.15

In just a few years, renewable energy has
become a strategic industry in China. There
are more than 50 domestic wind turbine
manufacturers, over 15 major solar cell
manufacturers, and roughly 50 companies
constructing, expanding, or planning poly-
silicon production lines, the key components
for solar PV systems. Those two sectors
employ some 80,000 people. Together
with the 266,000 working in biomass
and 600,000 in the solar thermal sector,
renewable energy industries employ some
946,000 people in a new market niche inde-
pendent of conventional energy industries.16

China currently gets 8 percent of its
primary energy from renewable sources, with
large hydro being dominant. The country
aims to expand that share to 15 percent by
2020. Developments in the marketplace
show that this target could well be exceeded.
Policy tools and market forces can together
push China toward a less carbon-intensive
energy path. And there is considerable room
for international cooperation and business
initiatives to accelerate the process.17
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Yang Ba Jing grid-connected solar PV station, Tibet
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International trade has continued to
increase in the last few decades as a result
of deepening globalization. Relocation of
production in the pursuit of comparative
advantages has brought economic growth to
many regions. Some developing countries
have benefited from this trend due to abun-
dant resources or labor supply or both. But
the environmental consequences of interna-
tional trade have been increasingly high-
lighted. Within discussions about the
international targets for and mechanisms
to achieve large-scale reductions in carbon
emissions, the emissions embodied in
traded goods have often been highlighted
as a particular challenge.1

Emissions embodied in internationally
traded goods are currently attributed to the
producing nation under the U.N. Framework
Convention on Climate Change’s definition.
Many of these goods are manufactured in
developing countries, such as China, that
lack binding carbon emissions targets.
Exports now account for more than a third
of China’s total economic output, much
higher than most economies of similar size.
In 2006, some 58 percent of China’s exports
were from multinational ventures and
around 70 percent of foreign direct invest-

ment went to manufacturing. Given the
treaty’s definition of the source of emissions,
it is not surprising that China is now the
world’s largest emitter of carbon dioxide.2

Thus the industrial world is becoming
ever more reliant on importing goods from
China and at the same time “exporting car-
bon” to this nation to meet carbon reduction
targets. A recent Tyndall Centre for Climate
Change Research assessment of the carbon
emissions embodied in China’s international
trade found that net exports accounted for
23 percent of China’s carbon emissions in
2004. This is partly because of China’s large
trade surplus but also because of China’s
higher carbon intensity due to an inefficient,
coal-dominated energy system. The carbon
embodied in China’s exports was compara-
ble to Japan’s total carbon emissions in
2004 and more than double the emissions
from the United Kingdom. (See Table.) And
several studies show a clear trend of increas-
ing embodied carbon during the last decade
as well as an increasing share of total carbon
emissions over time.3

These findings highlight the importance
of an issue that has been underplayed in cli-
mate policy. They show that consumers in
industrial countries are indirectly responsi-
ble for a significant proportion of China’s
carbon emissions. This evidence adds
weight to the view that industrial countries
should help developing ones reduce their
carbon emissions through technical assis-
tance and finance.

Trade, Climate Change, and Sustainability

Tao Wang and Jim Watson
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The scale of this “carbon leakage” to dev-
eloping countries through international trade
is so significant that it needs to be taken into
account in the next round of international
climate agreements. Some observers have
called for a radical change from production-
based to consumption-based national emis-
sions accounts so that emissions embodied
in traded goods are included within the con-
suming country’s targets. But this would be
impractical due to data uncertainties and the
large amount of political capital that has
already been invested in the current account-
ing system. Measurement of consumption-
based carbon emissions could, however, be
used as a “shadow indicator” in negotiations
and could complement official nationally
based emissions inventories.4

This shadow indicator could help inform
a range of policies for the mitigation of
emissions. Some of these are known as
“sectoral agreements.” These are designed to
deal with sectors that are not only exposed
to high levels of international competition
but are also carbon-intensive. If they are suf-
ficiently binding, sectoral approaches could
help reduce emissions while helping compa-
nies in developing countries improve their
technological capacity.

Another approach to including traded
goods might be to impose border tax adjust-
ments on goods brought into countries or
regions with emissions caps. Senior policy-
makers in both the European Union and United
States are considering such an approach since
it would internalize the embodied carbon cost
of imports and would “level the playing field”
with goods produced domestically. These
proposals have inevitably been criticized as
being “protectionist,” however, by some dev-
eloping countries and may be subject to chal-
lenge within the World Trade Organization.
Again, if this policy were implemented care-
fully, with compensatory financial and tech-
nological assistance to developing country
producers, it might be seen more favorably.5

It is important not to overstate the
impacts of carbon leakage on international
competitiveness. Contrary to the arguments
of some industrial lobbyists, emissions caps
in the United States or the European Union
will only significantly affect the competitive-
ness of a few energy-intensive industries,
such as steel and cement. The products of
these industries make a relatively small con-
tribution to China’s exports—and to the
emissions embodied in them. China’s exports
are instead dominated by consumer goods
such as textiles, footwear, and electronics,
which are not as carbon-intensive or sensi-
tive to carbon taxes.6

Whichever way forward is followed, the
solution will require trust, not suspicion. Col-
laboration rather than confrontation in bilat-
eral or multilateral relationships is required,
as no country can deal with climate change
alone in a globalized trade network. Interna-
tional trade policy could play a significant
role in the future climate regime as well as in
sustainable development. It is important to
make sure trade is more ethical and more
environmentally friendly and that the costs
and benefits are more fairly distributed.
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Country CO2 emissions

(million tons)
United States 5,800
China 4,732
China, from net exports 1,109

Japan 1,215
Germany 849
United Kingdom 537
Australia 354

Source:Wang and Watson.

Carbon Dioxide Emissions from China’s
Net Exports andTotal Emissions from

Selected Countries, 2004



On small islands, adaptive management and
planning is the cornerstone for survival. Cli-
mate change is putting additional stress on
islands’ limited resources, thereby threaten-
ing livelihoods. The need for local solutions
that are flexible and responsive to the local
context is paramount.

The Republic of Fiji has recently gained
valuable experience with local adaptive man-
agement. In an archipelago of more than
300 islands in the South Pacific Ocean, Fiji-
ans have learned to coexist with the ocean
for centuries and to make a living through
the management of limited resources.
As the sea level rises and severe storms
become more frequent and damaging due to
the changing climate, this management is
being put to the test.

Over the past decade, more than 300
communities in Fiji have adopted a manage-
ment model tailored to the needs of the
community: the locally managed marine
area (LMMA). The LMMA Network was
launched in August 2000 as a learning net-
work after a series of workshops to provide
guidance on community-based management
of marine areas. Promoting models of adap-
tive governance and knowledge-sharing
networks, the network now has members
in Indonesia, Palau, Papua New Guinea,

the Philippines, Micronesia, the Solomon
Islands, and Fiji.1

As an alternative to conventional cen-
tralized resource management or typical
government approaches, the LMMA
approach is a local community-driven effort
to design, manage, and monitor marine
resources through co-management by
community members, with the support
of traditional leaders, government agencies
or ministries, nongovernmental organiza-
tions (NGOs), and educational institutions,
in collaboration with other stakeholders
such as businesses. LMMAs do not neces-
sarily exclude government or other institu-
tions; they engage them as partners rather
than as commanders. It is an inclusive gov-
ernance model for resource management,
integrating different stakeholders in the
decisionmaking process.

Communities are empowered to decide
how to best use their resources in light of
the predicted effects of climate change. The
strategies created by the communities have
multiple benefits, including community-
based risk reduction, protection of endan-
gered resources that are critical for food
security, community engagement and capac-
ity building, and enhanced disaster risk
management. In Fiji, improvement in the
integrity of the marine ecosystem is meas-
ured by monitoring reefs with the help of
NGOs, the University of the South Pacific,
and trained members of the community.

Many communities using the LMMA

Adaptation in Locally Managed Marine Areas in Fiji
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model have found practical solutions to
emerging problems by reviving traditional
knowledge, which can then be combined with
modern tools. To decide the best combina-
tion, communities use an adaptive manage-
ment approach, which the LMMA Network
defines as “the integration of design, man-
agement, and monitoring of a project to
systematically test assumptions in order to
adapt, learn, and improve the results of their
efforts.” With the help of the Network, prac-
titioners increase the effectiveness and effi-
ciency of local strategies over time.2

The community engagement process
involves initial awareness-raising about
marine issues and dialogue with stakehold-
ers to engage them in the goals of the LMMA
concept and ensure that the community is in
harmony with the process of developing
their local plans. This is followed by a work-
shop in which the community develops a
marine resource management plan, which
might include:
• declaration of a tabu (no-catch area) area
and other traditional management practices,

• reduction in the number of fishing licenses,
• banning the use of duva (fish poisoning)
and destructive fishing measures,

• restoration of economically important
species such as clams,

• reduction of marine pollution,
• replanting of mangroves and coastal trees
to reduce coastal and riverside erosion,

• marine awareness raising, and
• alternative livelihood options.

LMMAs and tabu areas are set up not just
for conservation but to improve the yield of
marine resources that people use for subsis-
tence and trade. The tabu is implemented
by the communities, led by a local headman
whom the community trusts to decide
on implementation. A community with a
demonstrated sustainable and secure source
of food and livelihood is better prepared to

address and adapt to climate change. A
common Fijian saying is that “a hungry
community will be handicapped in making
and acting on good decisions.”

Communities are trained to do biological
and socioeconomic monitoring to monitor
the effects of their management actions.
Meetings are held regularly to review pro-
gress and see if changes in the action plan
are needed.

Drama is an important component of
community education and awareness in Fiji,
as many elders who are key decisionmakers
in villages find reading to be very challenging.
Drama provides an interactive and innova-
tive means of translating complex technical
concepts such as climate change, and it can
also paint a picture of its likely impacts.

More than 200 different localities in Fiji
are using the LMMA model. The results vary,
but most groups have found that effective
implementation of this strategy can help
recover marine resources through improved
habitat quality (coral cover, seagrass, and
mangroves) and increased fish populations.
By being engaged in the LMMA, communi-
ties are also better prepared to implement
practical solutions to emerging external
threats such as climate change

The key element of the LMMA work in Fiji
is that the communities are in control. Infor-
mation on management options is provided
by co-managers to help make decisions, but
the community members make all decisions,
such as location of the tabus. Thus the goal
of informed decisionmaking on resource
management is as important as the actual
resource improvement. This will be increas-
ingly valuable in a warming world. For while
LMMAs initially focused on food security
issues and resource depletion, Fijian com-
munities are learning important lessons about
managing the impacts of climate change.
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Drought, population pressures, and conflict
are degrading lands and undermining the
resilience of ecosystems. Severe drought
across many parts of Sudan is affecting sev-
eral million people, many of whom are at
acute risk of food insecurity. Low and spor-
adic rainfall has severely affected water
resources and agricultural production, par-
ticularly in the traditional rainfed sector.1

Population and economic pressures have
driven people to intensify cultivation of dry-
lands, extend cultivation into more marginal
areas, overgraze rangelands, and overhar-
vest vegetation. These factors have degraded
lands, reduced the availability of water, and
depressed the production of food, fodder,
and livestock. Competition for these lifelines
has been a source of conflict and has con-
tributed to the tragic violence that has
engulfed parts of Sudan.2

Climate change is an additional source of
uncertainty and risk. Sudan has experienced
more than 20 years of below average rainfall
during which there have been many locali-
zed droughts, as well as a severe and wide-
spread drought from 1980 to 1984. These
conditions can be expected to worsen during
future climate change, with the country’s cli-
mate becoming even drier.3

Sudan’s rural communities are adapting
in order to reduce their risks in a harsh, vari-
able, and changing environment. While the
adaptations are not necessarily driven by cli-
mate change, they are nonetheless building
resilience to it. The measures being adopted
include using water harvesting and special
irrigation methods, expanding food storage
facilities, managing rangelands to prevent
overgrazing, replacing goats (which are
heavy grazers and are sold at a lower value)
with sheep (which have less impact on
grassland and are sold at higher value),
planting and maintaining shelterbelts, plant-
ing backyard farms or jubraka to supplement
family food supplies and incomes, supplying
microcredit and educating people about its
use, and forming and training community
groups to implement and maintain these
various measures.4

Environmental Strategies for Increasing
Human Resilience in Sudan is a regional
assessment that was undertaken by the
Sudan Higher Council for Environment and
Natural Resources in collaboration with the
Stockholm Environment Institute–Boston
Center and with the participation of
researchers from the University of Khartoum
and experts from local nongovernmental
organizations (NGOs). The assessment
examined three cases of community efforts
to improve livelihoods and manage natural
resources that succeeded in increasing the
overall resilience of the communities. All
three projects were prompted by the adverse

Building Resilience to Drought and Climate Change in Sudan
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consequences of Sahel-wide droughts in the
early 1980s. The vulnerability and adaptation
of these communities were assessed in
terms of their financial, physical, human,
social, and natural capital, taking into
account productivity, equity, and sustainabil-
ity as well as risk factors. This involved the
collection and analysis of “resilience indica-
tors” data and an analysis of national and
local institutions.5

The first assessment looked at 17 villages
of Bara province in North Khordofan. Located
in the Sahel zone, which has undergone a
general decline of rainfall since the late
1960s, the area is marked by high rainfall
variability. The severe 1980–84 Sahel-wide
droughts deeply affected family and tribal
structures among pastoralists and agro-
pastoralists, deepening poverty, marginali-
zation, and food insecurity. Thousands of
people ended up in refugee camps surround-
ing towns and cities.6

The project in Bara aimed to sequester
carbon by setting up a resource manage-
ment system that prevents degradation and
that rehabilitates or improves rangelands to
reduce the risks of production failure so as
to limit outmigration and stabilize popula-
tion. The measures undertaken included
the following:
• establishment of local institutions such as
Village Community Development Commit-
tees to coordinate natural resource man-
agement and community development
activities;
• development of land use master plans to
guide future resource use and implemen-
tation of sustainable rotational grazing
systems;
• establishment of community mobilization
teams to conduct outreach and training;
• rangeland rehabilitation, including land
management, livestock improvement,
agroforestry, and sand dune fixation to pre-

vent overexploitation and restore rangeland
productivity;
• water harvesting and management, rural
energy management, and diversification of
local production systems and income-gen-
erating opportunities to reduce pressure
on rangelands; and
• creation of water management subcommit-
tees to better manage wells.7

Original expectations for the project were
more than met: the achievements to date
include revegetation and stabilization of 5
kilometers of sand dunes to halt desert
encroachment; construction of 195 kilo-
meters of windbreaks to protect 30 farms
from soil erosion, restocking of livestock by
replacing goat herds with sheep, establish-
ment of 17 women’s gardens to produce
vegetables for household consumption and
to sell at local markets, and establishment
of five pastoral women’s groups to support
supplemental income-generating activities
such as sheep fattening, handicrafts, and
milk marketing.8

The second project, carried out by the
British NGO SOS Sahel, focused on Khor
Arba’at in Red Sea state, home to Beja pas-
toralist and agro-pastoralist tribal groups. It
aimed to improve the livelihoods of tribal
groups in farming, local water resources, and
other natural resources. Rainfall is highly
variable, with averages recorded between
1900 and 1980 ranging between 26 and 64
millimeters per year. The rocky and compact
nature of soils, steep slopes, heavy down-
pours, and poor vegetation cover all contri-
bute to the high rates of runoff. A traditional
pattern of natural short-term recovery was
shattered after the long drought and famine
of the 1980s.9

Because the Khor Arba’at delta had been
neglected by the government in recent years,
local communities were eager to participate
in a broad-ranging program that promised
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to improve their livelihoods. The main objec-
tives of the project were to rehabilitate the
Khor Arba’at delta, to realize the full agricul-
tural potential of the area for the benefit of
tribal groups, to tailor the sustainable man-
agement of natural resources so as to meet
local needs, to ensure the sustainability of
food security, to set up an equitable water
harvesting scheme, and to enhance grass-
roots participation in the overall develop-
ment of the community. It was also hoped
that success in this project could be repli-
cated elsewhere.10

The third case study involved communi-
ties in North Darfur that implemented vari-
ous measures to cope better with variable
water resources and land productivity. This
is one of the most drought-affected regions
of the Sudan. The target group in this pro-
ject was the most vulnerable households
practicing subsistence farming and raising
livestock in the area. Following the drought
years of 1983–85, many people left their
homes due to increasing poverty, famine,
desertification, and land degradation. This
was accompanied by tribal conflicts, the
growth of shantytowns, and changes in the
pattern of livestock raising and agricultural
production. Most people lost more than
half their cattle as well as large numbers
of sheep, goats, and camels.11

Unlike the other two cases, these adapta-
tion measures were initiated by the local
community and only later were supported by
external funding. The key measures under-
taken included adoption of better water
harvesting techniques and construction of
terraces that helped farmers grow vege-
tables that can be harvested up to five
months after the rainy season, restocking
of gum trees (Acacia Senegal) and retention
of part of the tree cover in agricultural
fields with alluvial soils for the provision
of fuelwood, and cultivation of clay soil,

easing pressure on the sandy soil.12

Indicators on the sustainability of liveli-
hood assets and adaptation measures
showed improvement in all three projects
as a result of the efficiency of the local
Community Development Committees and
the efforts of the Sudanese Environment
Conservation Society–Kordofan Branch,
which has been very active in supporting the
continuity of measures and the dissemina-
tion of information on rainfall, new produc-
tion inputs and technologies, and prices.
Another key aspect of the success has been
high loan repayment rates to the community
revolving funds.
A number of key conclusions emerge from

these three cases. First, successful strategies
emphasize livelihoods and are embedded in
community development efforts rather than
being implemented in isolation. Typically
suites of measures are implemented that
provide the means to improve and diversify
livelihood opportunities, advance sustainable
management of natural resources, and
hedge against risks of variable incomes and
variable access to food, water, and other
resources. Successful strategies that have
added to human and social capital include
training farmers in techniques to diversify
their production activities and improve
resource management, involving women in
home gardening of vegetables, and aiding
traditional farmers, fruit growers, and vege-
table growers to form unions to help harvest
and market products.13

Second, adaptation requires effective
involvement of local institutions, tribal
leaders, community-level committees, and
NGOs. Such a participatory, bottom-up
approach is essential to successfully engage
at-risk groups in decisionmaking processes.
Farmers, herders, women, and minorities
gain a better understanding of their vulnera-
bility, priorities, and adaptation needs.
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It also facilitates cooperation within the
community and the mobilization of local
resources and indigenous knowledge. Local
institutions can ensure continuity of devel-
opment and adaptation activities after exter-
nally funded projects end.
Third, the sustainability of adaptation

measures depends on enhancing the sense
of responsibility among communities. To
ensure proper implementation of policies,
work should focus on improving communi-
ties’ knowledge and capacity to manage
their own natural resources. Regulations and
policies that are based on real knowledge of
communities and a sense of responsibility
lead to positive results and improved per-
formance. Central to the success of the
interventions are efforts to strengthen insti-
tutions with training and resources, form
new community institutions, empower local
institutions with skills and information to
plan and implement project activities, and
promote the participation of community
members in different sustainable livelihood
activities and decisionmaking processes.
A final lesson is that adaptation falls

short of what is needed. Existing efforts to

cope and adapt are insufficient in the face of
present-day risks. Drought already exacts an
unacceptably high toll on the people of
Sudan, and the suffering is likely to grow
further with climate change. The adaptive
responses that have been applied and
shown to be successful in building resilience
need to be replicated and expanded even as
new approaches are explored and tried.
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Children learn how to use an ox-plow in Twic County,
southern Sudan. In this remote province, the use of
animal traction in agricultural work is not yet common.

©
20
0
7
B
en
ia
m
in
o
Sa
vo
ni
tt
o,
C
ou
rt
es
y
Ph
ot
os
ha
re



In June 1991, Mount Pinatubo in the Philip-
pines erupted explosively—the biggest erup-
tion of the twentieth century. The volcano
created a column of ash and debris extend-
ing upward 40 kilometers (about 25 miles).
The eruption ejected around 20 million tons
of sulfur dioxide into the stratosphere, where
it oxidized to form sulfate dust particles. The
stratosphere is the part of the atmosphere
that is higher than where jets normally fly.1

As a result, about 2 percent of the
sunlight passing down through the stratos-
phere was deflected upward and back into
space. The dust particles were big enough to
scatter sunlight away from Earth but small
enough to allow Earth’s radiant heat energy
to escape into space. Earth cooled about half
a degree Celsius (almost 1 degree
Fahrenheit) the following year, despite the
continued increase in greenhouse gas con-
centrations. This raises an obvious question:
Could we similarly put dust into the stratos-
phere to offset climate change?2

Earth is heated by sunlight and cooled
by the escape of radiant heat into space.
Earth’s atmosphere is relatively transparent
in the wavelengths that make up sunlight
but somewhat opaque in the wavelengths
that make up escaping radiant heat energy.
As greenhouse gases accumulate, the
atmosphere becomes more opaque to out-

going radiant heat. With greater amounts of
radiant heat trapped in the lower
atmosphere, Earth’s surface warms.3

The most obvious approach to keeping
Earth cool is to reduce greenhouse gas con-
centrations in the atmosphere, so that heat
energy can escape more easily into space.
But another strategy involves reducing the
amount of sunlight absorbed by Earth. If
greenhouse gases accumulating in the
atmosphere are like closing the windows of
a greenhouse and trapping heat inside, then
“geoengineering” approaches seek to keep
Earth cool by putting the greenhouse par-
tially in the shade. They try to reverse warm-
ing by preventing sunlight from being
absorbed by Earth.4

A number of modeling and theoretical
studies have looked into such climate engi-
neering schemes. The consensus appears to
be that these will not perfectly reverse the
climate effects of increased greenhouse
gases but that it might be technically feas-
ible to use geoengineering to reduce the
overall amount of climate change. Obvi-
ously, however, these schemes would not
reverse the chemical effects of increased car-
bon dioxide (CO2) in the environment, such
as ocean acidification or the CO2-fertilization
of land plants.5

Several approaches have been suggested
for deflecting sunlight away from Earth. The
most science-fiction scheme would be to
place sunlight-blocking satellites between
Earth and the sun. But in order to compen-

Geoengineering to Shade Earth
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sate for the current rate of increases of green-
house gases in the atmosphere, governments
would need to build and put in place more
than a square mile (about 3 square kilome-
ters) of satellite every hour. Most people
would probably agree that such an enor-
mous effort would be better applied to
reducing greenhouse gas emissions.6

The placement of sulfur dust particles in
the stratosphere appears to be the leading
candidate for most easily engineering Earth’s
climate. (Numerous other approaches have
been suggested, including some designed
to increase the whiteness of clouds over
the ocean with sea salt particles formed by
spraying seawater in the lower atmosphere.)
Tiny particles have a lot of surface area, so a
lot of sunlight can be scattered with a rela-
tively small amount of dust. The full amount
of sulfur from Mount Pinatubo, if it had
remained in the stratosphere for a long time,
would have been more than enough to offset
the warming (at least, on a global average)
from a doubling of atmospheric carbon diox-
ide content. The actual short-lived cooling
from the Mount Pinatubo eruption turned
out to be much less because the oceans
helped keep Earth warm despite the reduc-
tion in the amount of absorbed sunlight.7

The sulfur from Mount Pinatubo
remained in the stratosphere only for a year
or two. To maintain a dust shield in the
stratosphere for the long term would require
continual dust injection. It is thought that a
small fleet of planes, or perhaps a single
fire hose to the sky suspended by balloons,
would be enough to keep the dust shield in
place. Costs are uncertain, but it might total
less than a few billion dollars a year. The
amount of sulfur required would be a few
percent of what is currently emitted from
power plants and so would contribute some-
what to the acid raid problem.8

Why might policymakers want to deploy

climate engineering systems? The main rea-
son is to reduce climate damage and the risk
of further damage from greenhouse gases.
Some commentators deny the reality of
human-caused greenhouse warming but
think it worth developing climate engineer-
ing systems as an insurance policy—just
in case events prove them wrong. Others
accept human-induced climate change but
think reducing emissions will be either too
costly or too difficult to achieve, so they
favor climate engineering as an alternative
approach. Some people fear that a climate
crisis may be imminent or already unfolding
and that these systems are needed right
away to reduce negative climate impacts
such as the loss of Arctic ecosystems while
the world works to reduce greenhouse gas
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Mount Pinatubo erupting on June 12, 1991, as
seen from Clark Air Force base eight miles away
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emissions in the longer term. Still others
think climate engineering is needed as an
emergency response system in case an unex-
pected climate emergency occurs while
greenhouse gases are being reduced.9

There are also many reasons not to
develop climate engineering, some of them
having to do with climate science and some
having to do with social systems. These
schemes will not work perfectly, for example,
and there is some chance that unanticipated
consequences will prove even more environ-
mentally damaging than the problems they
are designed to solve. Concerns include pos-
sible effects on the ozone layer or patterns
of precipitation and evaporation. Climate
engineering would not solve the ocean acidi-
fication problem, although it would not
directly make it worse either.10

Some observers fear that the mere
perception that there is an engineering fix to
the climate problem will reduce the amount
of effort placed on emissions reduction.
Climate engineering could lull people into
complacency and produce even greater
emissions and ultimately greater climate
damage. (On the other hand, such schemes
also could frighten people into redoubling

efforts to reduce greenhouse gas emis-
sions.) And it might work well at first, with
negative consequences manifesting them-
selves strongly only as greenhouse gas
concentrations and the offsetting climate
engineering effort both continued to grow.11

Climate engineering will affect everyone on
the planet, but there is no clear way to dev-
elop an international consensus on whether
it should be attempted and, if so, how and
when. It would likely produce winners and
losers and therefore has the potential to
generate both political friction and legal lia-
bility. Conflict over deployment could produce
political strife and social turmoil. (On the
other hand, any success at reducing climate
damage could lessen strife and turmoil.)

From the perspective of physical science
and technology, it appears that climate engi-
neering schemes have the potential to lower
but not eliminate the risk of climate damage
from greenhouse gas emissions, yet unantic-
ipated effects and difficult-to-predict political
and social responses could mean increased
risk. Thus the bottom line is that climate
engineering schemes have the potential to
make things better, but they could also make
things worse.
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Rising oil and gas prices, insecure energy
supplies, and increased energy consumption
in transition economies have boosted the
use of coal—the most abundant fossil fuel
and one that many countries have consider-
able reserves of. The United States, China,
and some other countries are highly depen-
dent on coal. In the United States, coal-pow-
ered plants generate more than half the
electricity, and some observers expect that
expanding the use of coal will help reduce
U.S. reliance on foreign oil.

But coal is the most carbon-intensive
fossil fuel. Thus a new technology called car-
bon capture and storage (CCS) has recently
gained considerable attention. CCS aims to
capture carbon dioxide (CO2) from any large
point source, liquefy it, and store it under-
ground. Because of its high costs and com-
plex infrastructure, CCS is by necessity
suited primarily for centralized, large-scale
power stations or big industrial facilities like
cement plants and steelworks.

With today’s technologies, there are three
ways to capture CO2. Post-combustion cap-
ture, which involves capturing CO2 from flue
gases in conventional power stations, is bas-

ically available today, but it has not yet been
demonstrated at a commercial power sta-
tion scale. In the longer term, this technol-
ogy is unlikely to become widely established
unless its energy consumption can be
reduced significantly.

A more efficient method is pre-combustion
capture of CO2 in coal-fired power stations
with integrated gasification combined cycle
technology. These plants use heat to gasify
coal that is then burned to generate electric-
ity. During the gasification step, CO2 can be
removed relatively easily. Apart from its
higher efficiency levels, the prime advantage
of this method lies in its flexibility in terms
of both fuel (coal, biomass, and substitute
fuels) and product (electricity, hydrogen,
synthetic gas, and liquid fuel). Pre-combus-
tion capture of CO2 has not yet been demon-
strated on a large scale.

The so-called oxyfuel process currently
offers the best prospects for CO2 capture in
terms of achievable overall process efficiency
as well as costs because it is largely based
on conventional power station components
and technology. Combustion takes place in
95 percent pure oxygen rather than air,
enabling efficient CO2 capture due to the
concentrated flue gas. This process is still
near the beginning of its demonstration
phase. It is expected to capture 99.5 percent
of the emissions directly at the stack, while
the post-combustion and pre-combustion
methods would reduce CO2 by 88–90 per-
cent on average.1

Carbon Capture and Storage
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Once CO2 has been captured from indus-
trial sources and pressurized into a quasi-
liquid form, it can be pumped into geologi-
cal formations such as deep saline aquifers
more than 2,000 feet underground,
depleted oil and gas fields, and deep and
non-exploitable coal seams. It can also be
deposited deep in the ocean. Furthermore,
the productivity of oil and gas fields in their
final stages of exploitation can be increased
by injecting CO2 into them, something the
oil and gas industry has been doing for
years. A mineralization process for binding
CO2 to silicates is also under discussion as
a way to sequester and store the gas, along
with a method for fixing CO2 using algae to
produce biomass that can be turned into
animal fodder, biodiesel, or construction
materials.2

Along with the overriding motivation of
climate protection, questions of security of
energy supply, technological aspects, and
in some cases immediate economic consid-
erations have increased interest in carbon
capture and storage. Technology that can
facilitate progress in international climate
protection negotiations is of particular
importance. Some of the strongest support-
ers of CCS are governments that have so far
rejected the international climate protection
process or adopted a wait-and-see stance,
such as the United States.3

Yet several constraints make it question-
able that a global rollout of CCS will consist
of more than demonstration plants and
some initial commercial plants. The first
concern is the time frame. CO2 capture tech-
nologies are more likely to become available
in the medium than the short term. Most
experts anticipate large-scale applications
between 2020 and 2030. But the rush to
build new coal-fired power plants will likely
take place within the next 10 years—too
soon to take advantage of CCS technologies.

And decisions on new power plants made
today will influence the energy mix 40–50
years from now, when greenhouse gas emis-
sions need to be substantially lower than
today. For plants built before CCS is mature,
only retrofitting of CCS technology, usually
with the low-efficiency post-combustion
method, would be an option. And retrofitting
power stations would cost more and be less
efficient than newly built plants fitted with
CCS from day one.4

The number and location of safe reser-
voirs is a second concern. To be able to store
billions of tons of CO2 “safely and cheaply,
on a global scale, both in the West and in
the developing world,” one observer notes,
advanced methods other than “simple”
enhanced oil and gas recovery will be
required. For various reasons, storage possi-
bilities for CO2 are restricted at both national
and global levels. Gas fields are believed to
have the largest potential, followed by coal
seams, oil fields, and aquifers. From a purely
technical perspective, there appears to be
enough capacity to store global CO2 emis-
sions for many decades. Yet there is a great
degree of uncertainty about the fundamental
suitability of the various storage options.
Ultimately a case-by-case analysis will be
required to obtain practical and relevant
results for each storage site considered.
Another important question is that of liabil-
ity. Undoubtedly, similar questions will arise
as in discussions of nuclear energy waste
disposal.5

High energy penalties and environmental
impacts are a third constraint. Capturing
CO2 requires additional fuel consumption of
20–44 percent to generate the same amount
of useful energy, which in turn leads to more
CO2 and other harmful emissions. But only
the CO2 emitted directly at the stack can be
captured, in contrast to the CO2 and other
emissions of upstream and downstream
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processes. For instance, methane emissions
during coal mining or natural gas pipeline
transport cannot be reduced by CCS. Yet
according to the Kyoto Protocol, greenhouse
gas (GHG) emissions as a whole—not just
CO2 emissions—must be reduced. Recent
life-cycle assessments show that assuming a
CO2 capture rate of 88 percent, GHG emis-
sions along the whole value chain can be
reduced by only 67–78 percent, depending
on the fuels or power station technologies
used. Furthermore, other environmental
impacts like photooxidant formation, eutro-
phication, or particle emissions will increase
with CCS, while acidification will decrease
slightly.6

One of the most pressing environmental

issues could be water use: it is expected
that CCS will require 90 percent more fresh
water. The increase of hazardous waste pro-
duction due to the chemical reaction of the
scrubbing agents is also important. Last
but not least, CCS would only worsen many
major local environmental problems tied to
the extraction and transport of coal, such as
habitat destruction, damage to waterways,
and air pollution.7

The fact that alternatives to CCS have
already entered the market could reduce
interest in this technology. The GHG emis-
sions associated with electricity generated
from solar thermal power or wind power are
just 2–3 percent of the amounts for fossil-
fueled CCS plants. And the GHG emissions
of electricity generated by advanced natural-
gas-fired combined heat and power stations
are roughly the same as those for power sta-
tions using CCS. Thus there are even fossil
fuel technologies commercially available
that are already as “green” as CCS power
stations aim to be in 2020. Expanding use
of these alternatives will of course require
significant structural changes in the overall
energy system.8

Cost is another constraint. CO2 capture
requires high investment costs in addition to
the costs resulting from the energy penalty.
Different sources put CO2 capture costs at
between 35 and 50 euros per ton of CO2 in
2020, translating to a 50-percent increase
in electricity generation costs (assuming no
increase in fossil fuel prices). This assumes
that significant learning processes will have
occurred by then. Yet just when the first CCS
power stations might be coming on stream,
some individual renewable technologies
(such as offshore wind and solar thermal
power plants) could already be offering
cheaper electricity. In the longer term,
renewables can be expected to have consid-
erable cost advantages due to their indepen-
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dence from fuel price fluctuations.9

A final constraint is infrastructure require-
ments. Suitable storage sites will not usually
be located in the immediate neighborhood
of the power stations, which means that
large investments in a completely new pipe-
line infrastructure will be necessary. In the
United States, deploying a national CCS sys-
tem at the scale needed would require “no
less fundamental a transformation of the
country’s energy infrastructure than would a
huge-scale adoption of wind energy,” noted
the World Resources Institute. If the storage
locations are 500 kilometers or more away
from the big emitters, CO2 transport will likely
not pay off. A possible solution to this prob-
lem would be to place new power stations
directly at potential storage sites and to
transport the electricity instead of the car-
bon dioxide.10

It is possible that technological develop-
ments might be able to offset some of the
significant constraints on CCS. In the future,
for example, the combination of CCS with
biomass-fired power plants could be an
interesting option due to the negative car-
bon balance of such a system. CO2 is first
captured from the atmosphere during
biomass growth and then could again be
captured from the power plant’s flue gases
and sequestered afterwards. If storage
works, this process could help achieve dras-
tic CO2 emission reductions. On the other
hand, processes using biomass could meet
only a part of the energy demand due to lim-
ited acreage.11

In general, several national and global
energy scenarios show that even ambitious
greenhouse gas emission targets can be met
by a three-step strategy without assuming
any appreciable use of CCS within the next
few decades: increased energy efficiency,

more-efficient use of primary energy by using
combined heat and power plants, and ambi-
tious development of renewable energy.12

Even if CCS is supposed to just be a
bridging technology, significant research and
development efforts are needed. Further-
more, if this technology can be demon-
strated successfully, additional financing
instruments will be needed to help spread
the use of CCS. Including CCS-CO2 in the
carbon market, as planned by the European
Union, would mean that deployment of CCS
will strongly depend on the price develop-
ment of CO2 certificates. If CCS is included
as an avoidance measure in the Kyoto Proto-
col, these projects could also be handled via
flexible instruments such as the Clean Devel-
opment Mechanism and Joint Implementa-
tion. Another incentive under discussion is
government subsidies to make the technol-
ogy competitive. Yet all these instruments
raise fears that financing CCS could take
funds away from renewable energy or
energy efficiency measures, which would
be counterproductive as these are the most
robust climate protection strategies.13

In the end, a lot of open questions about
CCS remain to be solved—technical as well
as legal and socioeconomic ones. Today it
cannot be foreseen if, how much, where,
and when CCS will play a significant role as
a strategic climate protection option. If it
proves to be both commercially available
and competitive, the question of suitable
and safe storage places may become the tip-
ping point for extensive use. What is clear is
that there will not be a large-scale deploy-
ment of CCS in the next 10–15 years. If this
time is used for ambitious development and
diffusion of renewable sources, the argu-
ment for CCS as a “bridge” to renewable
energy will lose its force.
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There is near-universal agreement among
scientists and economists that climate is
changing in ways that reduce economic well-
being due in part to emissions of carbon
dioxide (CO2) during the combustion of fos-
sil fuels. The price of these fuels does not
reflect these effects, and this omission is a
classic example of what economists call an
externality. By definition, externalities are not
corrected by the market—government inter-
vention is required.1

Policymakers are discussing two forms of
intervention to abate CO2 emissions: carbon
taxes and a cap and trade system. Both sys-
tems seek to reduce emissions toward their
optimal level—the point at which the margi-
nal benefit of burning fossil fuels equals the
damage caused by its combustion. But this
optimum is unknown and probably will
never be known with a high degree of cer-
tainty. This uncertainty creates advantages
and disadvantages for the two mitigation
strategies that arise from the ways in which
they reduce emissions.

Carbon taxes raise the price of fuels based
on the amount of carbon they emit. Ideally,
the tax rate is set by the marginal damage
done by a unit of carbon emitted. Because
this quantity is unknown, a carbon tax starts
with a political decision about a tax rate per
unit of carbon emitted. Emission rates vary

for the different fossil fuels. One thousand
BTUs of coal emit 26 grams of carbon, a
thousand BTUs of oil emit 21.4 grams, and
a thousand BTUs of natural gas emit 14.5
grams. Nonconventional fossil fuels, such as
oil shale, emit even more carbon per BTU.2

Using these emission rates to tax fossil
fuels changes their relative prices. Based
on prices to U.S. electric utilities in 2007, a
$100 tax on a ton of carbon emissions would
raise coal prices by 14.6 percent, oil prices by
2.5 percent, and natural gas prices by 2.0 per-
cent. (Surprisingly, even though natural gas
emits less carbon than oil, the percentage
rise in the prices of the two fuels is very sim-
ilar. This is because natural gas is generally
less expensive than oil, so a smaller nominal
increase in price resulting from the tax can
result in a larger percentage increase.)3

These price increases can lower energy
use and carbon emissions in two ways. Con-
sumers can reduce activities that use energy
and emit carbon. Examples include driving
fewer miles or turning down the thermostat
for home heating (or raising it for air condi-
tioners). Because this strategy lowers emis-
sions by reducing activities that consumers
enjoy, these actions often are considered a
reduction in well-being.

A second strategy allows consumers to
lower emissions while maintaining activity
levels. This involves two forms of substitu-
tion. In one, consumers purchase more-effi-
cient machinery or use more labor, which
allows them to use less energy and hence

Using the Market to Address Climate Change
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emit less carbon. For example, buying a
more-efficient car or installing insulation lets
people maintain their driving habits or their
comfort level while reducing emissions.

A second form of substitution, interfuel
substitution, changes the mix of fuels away
from those that emit large amounts of
carbon per heat unit. Because a carbon tax
raises the price of coal relative to oil or nat-
ural gas, consumers can reduce their energy
costs and carbon emissions by substituting
natural gas or oil for coal. Many industrial
boilers, for instance, can switch among coal,
oil, and natural gas relatively quickly.

The other major form of market interven-
tion is a cap and trade system. As implied
by its name, policymakers choose a cap or
upper limit for the amount of carbon that
can be emitted in a given period, most often
a year. This cap is represented by an equal
number of allowances. Individual allowances
entitle the holder to emit a specified quantity
of carbon. Allowances are then allocated to
those included in the cap and trade system.

Allowances can be allocated using two
general approaches. “Grandfathering” allo-
cates allowances to emitters based on their
emissions during some earlier reference
period. Alternatively, allowances can be
auctioned and sold to the highest bidder.
These two mechanisms are not mutually
exclusive—the U.S. cap and trade system
for sulfur emissions made initial allocations
using a combination of grandfathering and
auctions. Once they are allocated, allowances
can be bought or sold by participants.4

By issuing fewer allowances than the
amount of current emissions, a cap and
trade system forces individuals to make a
simple decision: Should they reduce emis-
sions and sell some allowances? Or should
they buy allowances to cover all their emis-
sions? The answer varies because the cost
of reducing a unit of carbon emissions (by

eliminating activities, using more energy-
efficient machinery, or substituting among
fuels) differs among individuals. If some-
one’s cost of reducing emissions is less
than the price of an allowance, the person
will reduce emissions, sell a corresponding
number of allowances, and make money by
lowering emissions. If the cost of reducing
emissions is greater than the price of an
allowance, the person will buy allowances.
Despite these purchases, the cost of compli-
ance is typically less than a system in which
all individuals are forced to lower emissions
by a fixed amount or adopt a prescribed
technology (known as a command and con-
trol strategy).

The price of allowances is determined by
the market balance between buyers and sell-
ers. When the market for permits is in equi-
librium (the number offered for sale equals
the number wanted by buyers), the market-
clearing price will represent the marginal
cost of abatement. In theory, the price for
permits will be the same as the carbon tax
rate that is required to reduce emissions by
the amount specified by the cap. As such,
carbon taxes are functionally equivalent to
a cap and trade system, although the costs
imposed by the latter are less visible, so a
cap and trade system may be more politi-
cally palatable than a carbon tax.

But carbon taxes are not equivalent to a
cap and trade system when it comes to real-
world practicalities. One important differ-
ence concerns uncertainty. Because the price
increase associated with carbon taxes is
determined by the price per unit of carbon
emitted, the increase is known at inception.
What is not known is the quantity of emis-
sions abated. This number is uncertain
because economists have not quantified
precisely how increases in energy prices
affect energy demand—both directly via
price elasticities and indirectly by altering
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rates of economic activity. These uncertain-
ties are reversed by a cap and trade system.
By printing a limited number of allowances,
the quantity of abatement is known. Yet
uncertainty about the cost of abatement and
the effect of higher energy prices on eco-
nomic activity makes it difficult to forecast
the price of the allowances.

Recently policymakers have talked about
reducing this uncertainty with a hybrid sys-
tem. Under this scheme, cap and trade pro-
grams would have a “safety valve.” When
the market price for permits reaches a pre-
established threshold, the government
would sell an unlimited number of allow-
ances at that price. This would in effect
establish a backstop carbon tax—the price
for allowances could not go beyond this
maximum. But this hybrid approach would
ease constraints on emissions and thereby
introduce uncertainty about abatement.

The two systems also have different
implications for inclusivity and costs. The
number of consumers who will pay a carbon
tax is likely to be greater than the number of
consumers who buy and sell allowances in a
cap and trade system. The efficiency of cap
and trade depends in part on the technical
sophistication of the participants and the
cost of enforcement. Participants must be
able to make economically rational decisions
to buy or sell allowances and must have
access to capital that would support eco-
nomically rational investments to reduce
emissions. These requirements imply that
a cap and trade system is most likely to
include only large energy consumers, such
as manufacturers and electricity generators.
A small subset of large emitters also reduces
the costs of enforcement.

A cap and trade system is likely to have
higher overhead costs. While carbon taxes
can be implemented and collected through
the existing infrastructure, cap and trade will

require a monitoring system to ensure that
those who emit carbon dioxide have the req-
uisite number of allowances. To be efficient,
there must be a market in which allowances
can be bought and sold. Furthermore, firms
will have to establish organizational struc-
tures that will allow them to participate in
the program.

This last set of costs may increase the
effectiveness of a cap and trade system.
Organizational structures for participation in
such a system will have a mandate to quan-
tify emissions and reduce them where eco-
nomically effective. A carbon tax is less likely
to generate such structures, and most firms
do not have structures specifically aimed at
evaluating options for reducing energy use.
The lack of such structures may be one rea-
son why the academic literature describes
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Will these emissions be “grandfathered”?
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vast opportunities to save energy and money
even though many of those opportunities go
unrealized in the real world.

Finally, the way in which allowances are
introduced highlights equity issues. If allow-
ances are distributed free to existing emit-
ters, these individuals or entities retain a
property right, the right to emit carbon, that
becomes valuable once the cap and trade
system is implemented. As such, those
receiving the allowances benefit. That prop-
erty right and economic gain is confiscated
by the government if emitters are forced to
purchase their initial allocation. In this case,
the government captures the economic
value of this new property right. The capture
of this property right lies behind the debate
about whether the additional revenues
raised by a carbon tax should be returned
to taxpayers by lowering some other tax.

Even if permits are given away for free,
equity issues arise regarding how they are
distributed. If allowances are distributed
based on previous levels of emissions, exist-
ing patterns are merely reinforced. That is,
heavily polluting industries and affluent con-
sumers have an advantage over newer indus-
tries or poorer individuals. Conversely, heavily
polluting industries and affluent consumers
bear the brunt of efforts to reduce emissions
if allowances are distributed more evenly.

The relative magnitude of these advan-

tages and disadvantages differs at various
geographical scales. Equity issues associa-
ted with the initial distribution of allowances
probably preclude a global cap and trade
system. In an auction, consumers from
industrial nations would largely outbid con-
sumers from developing nations, and this
would make it difficult for developing nations
to expand their energy use, which is closely
correlated with economic development. Con-
versely, a distribution scheme based on pop-
ulation would force significant reductions in
existing emissions (or wealth transfer) from
industrial nations, which would reduce their
economic well-being.

For individual nations, a cap and trade
system may be the most effective means for
meeting emission targets. Equity issues are
reduced because participants are drawn
from a single nation, which minimizes differ-
ences in income, technical sophistication, or
governance. In many nations, the population
of large emitters is sufficient to justify the
fixed costs of trading allowances.

A carbon tax probably would be most
effective at the subnational scale, where the
market may be too thin to establish a cap
and trade system. Instead, the low overhead
and wide incidence of a carbon tax would be
consistent with the popularity of efforts that
would be needed to generate climate change
policy at a local level.

106 WWW.WORLDWATCH.ORG

Climate Connections STATE OF THE WORLD 2009



WWW.WORLDWATCH.ORG 107

STATE OF THE WORLD 2009 Climate Connections

Climate governance at all levels, from local
to international, must be designed to pro-
mote technology innovation and to ensure
fast and fair dispersion of new technologies.
The governments that signed on to the
United Nations Framework Convention on
Climate Change (UNFCCC) and the Kyoto
Protocol recognize the vital importance of
technology. They also recognize that industrial
countries need to provide funding for climate-
friendly technologies, which ultimately are
the key to avoiding dangerous levels of
climate change due to human activities.i

A technology needs assessment done by
the UNFCCC identified many advanced tech-
nologies that can simultaneously reduce
greenhouse gases (GHGs), increase profits,
and create jobs. The benefits of these are
particularly important for the developing
world. Many of these technologies already
exist and simply need to be deployed effec-
tively. They include technologies:
• to use renewable energy sources;
• to improve energy efficiency in key sectors
(cement, aluminum, steel, and other
industries, along with transport, building,
and consumer sectors);
• to recover or prevent methane emissions,
fluorine gases, and other greenhouse gases
beyond carbon dioxide (CO2);

• to improve forest and soil management; and
• to adapt to climate change.
In addition, numerous technologies are

currently in development, ranging from
those in the research phase to those ready
for demonstration and accelerated commer-
cialization.2

Technology transfer has three key compo-
nents: capital goods and equipment, skill
and know-how for operating and main-
taining equipment, and knowledge and
expertise for generating and managing tech-
nological change. Since 1991 various insti-
tutions and funding mechanisms have
successfully promoted technology transfer
to developing countries—including the
Global Environment Facility, the Special Cli-
mate Change Fund and the Least Developed
Countries Fund of the UNFCCC, the Multi-
lateral Fund (MLF) of the Montreal Protocol
on Substances that Deplete the Ozone Layer,
the World Bank, regional development
banks, international partnerships, national
development assistance programs, and non-
governmental organizations. The Clean
Development Mechanism (CDM) of the
Kyoto Protocol has also played a part.3

The Montreal Protocol’s MLF is widely
acclaimed as having been particularly suc-
cessful at helping developing countries
meet scheduled reduction targets for the 97
ozone-depleting substances that had to be
phased out. These substances are also pow-
erful greenhouse gases, so phasing them
out will mitigate climate change by 11 billion

Technology Transfer for Climate Change
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tons of CO2-equivalent a year between 1990
and 2010. Because ozone-depleting
substances are covered under the Montreal
Protocol, they were not addressed in the
Kyoto Protocol.4

Despite ongoing efforts since 1995, how-
ever, governments have been unable to agree
on a technology transfer mechanism to
address climate-specific emissions. In Decem-
ber 2007, at a Conference of the Parties to
the UNFCCC, they laid out guidelines for
revising the Kyoto Protocol in the Bali Action
Plan, with the goal of finalizing agreement
at a meeting in Copenhagen in December
2009. Several primary points of disagree-
ment remain to be negotiated. (See Box.)5

Intellectual property rights (IPR) remain a
contentious topic. For many years industrial
countries have viewed IPR as essential for
promoting innovation, while developing
countries have viewed them as a hindrance
to the transfer of critical technologies. In
the last 20 years, however, many developing
countries have achieved impressive eco-
nomic progress and have been attracting
foreign investment by creating a stable and
enabling economic environment at the
domestic level. These countries increasingly
have access to technologies from anywhere
in the globe. In fact, globalization favors
developing-country production of many of
the most advanced technology products,
such as photovoltaic cells.
The 193 Parties to the Montreal Protocol

found that most of the technologies needed
to phase out the use of ozone-depleting sub-
stances were already in the public domain.
Of the few technologies covered by IPR,
most were owned by private businesses
operating in a competitive market and eager
to sell those rights on reasonable terms. In
only two cases out of more than 4,000 pro-
jects were technologies held by companies
that insisted on unreasonable conditions. In

both cases developing-country enterprises
came up with their own processes in order
to avoid paying licensing fees or meeting
conditions they considered unacceptable.
The lesson repeated over and over again is
that IPR did not present a barrier to immedi-
ate action under that regime.6

Nonetheless, cases may arise where use-
ful IPR-protected technologies are owned by
only a few companies, operating in a less
competitive market, that refuse to sell the
technology unless monopoly profits are
paid. Other cases where a premium may be
demanded might include sales to buyers in
developing countries deemed to have exten-
sive internal problems or in markets that are
too small for substantial investment. In such
cases, industrial countries may need to
apply political pressure on their domestic
industries to share the technologies. They
may also need to relax their IPR regime, as
they have already done for essential medi-
cines under the Trade-Related Intellectual
Property Rights regime. But the bottom line
is that IPR may not be a difficult problem in
the vast majority of cases, nor a barrier to
immediate significant action.
Funding is another area where a few key

changes could overcome the current stale-
mate. The various climate funds for technol-
ogy transfer are all voluntary, which makes
funding highly unpredictable. This is not
acceptable for near-term mitigation programs
needed to avoid passing tipping points for
abrupt climate changes, nor is it acceptable
for the medium-term or long-term and
larger-scale programs required. The volun-
tary nature also gives effective control to the
donors, whatever the governing structure.
Committed contributions are needed to

create trust among developing countries. A
formula for the percentage to be paid by each
donor should be agreed upon in advance.
The ratio of state contributions to the United
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Nations is a time-tested model.
Funding needs to be committed for as

long as it takes to reduce emissions and
enhance sinks to avoid dangerous anthro-
pogenic interference with the climate
syestem. Because it often takes practical
experience to gain an understanding of
actual costs, funding commitments need to
be reassessed every few years, as is done in
the Montreal Protocol’s MLF, which is
replenished in three-year cycles. Similarly,
governing bodies need to include equitable
representation from all countries, both
industrial and developing. A double majority,
consisting of a majority of both donor and
recipient countries, works well for the MLF
and ensures transparency.7

The UNFCCC Secretariat estimates that
more than $200 billion will be needed annu-
ally to bring about a 25-pecent reduction in
global greenhouse gas emissions by 2030.
Developing countries will need 35–40 per-
cent of this total, or up to $80 billion a year.

In addition, adapting to climate change may
cost $35–60 billion a year for developing
countries. While this amount may seem
large, it represents only about 1.5 percent
of total global investment projected for the
year 2030.8

The actual amount needed for funding on
climate change cannot be calculated, even in
the short term, until it is clear which items
will be paid for as grants and which will be
concessional loans, loan guarantees, market
borrowings, the stock market, the CDM, and
so on. Once this is known, it will be neces-
sary to develop an indicative list of agreed
incremental costs, as was done by the MLF.
When the final numbers are uncertain, it is
prudent to start funding and then to later
replenish with additional amounts needed to
achieve environment goals once recipient
institutions prove that investments are cost-
effective.
Funds must not only be predictable;

they must be adequate. What is adequate

STATE OF THE WORLD 2009 Climate Connections

On commitments by developing countries to reduce GHG emissions
• Developing countries prefer the status quo and do not want to make additional commitments

beyond those that apply to all parties under Article 4.
• Industrial countries maintain that “major and emerging economies” should commit to goals.

On technologies
• Developing countries want industrial countries to assure transfer of technologies (and meet incre-

mental transfer costs through a financial mechanism) and to relax intellectual property rights on pri-
vately owned technology if needed.

• Industrial countries want intellectual property protection to continue under the current Trade-
Related Intellectual Property Rights regime.They maintain that an enabling environment in develop-
ing countries will attract technologies via markets.

On a funding mechanism
• Developing countries call for a new mechanism modeled on the Montreal Protocol’s highly success-

ful MLF (committed funding by industrial countries to meet all agreed incremental costs, including
cost of technologies, capacity building, and conversion of facilities).

• Industrial countries prefer existing mechanisms, with voluntary funding to be enhanced.

On the governance structure
• Developing countries want assurance of equitable representation in governance.

Government Positions on Key Issues in Revision of Kyoto Protocol



depends on the climate goals of the benefi-
ciaries and the specific national actions they
intend to achieve them. Options include
overall emissions-reduction goals, sector-
specific goals, or mitigation activity goals.
They can be long-term, medium-term,
or short-term. The goals will have to be
worked out by each country. Most developing
countries are already taking up mitigation
activities on their own because of the many
strong co-benefits. However, they are reluc-
tant to commit themselves—especially to
“stretch goals”—unless they are sure that
they will get the technologies and funding
needed.
In addition, goals can be mandatory or

voluntary. They can be a part of an amended
Kyoto Protocol or can be included in a new
agreement with a new funding mechanism.
In the Montreal Protocol, many developing
countries agreed to phase out ozone-deplet-
ing substances in advance of the prescribed
schedule in return for access to additional
MLF funding.
Country goals are essential for all devel-

oping nations, not just the major or emerg-
ing economies. Climate change cannot be
solved without the participation of all coun-
tries, industrial and developing. While the
“biggest bang for the buck” can be achieved
if the focus is on major or emerging econo-
mies, the other developing countries are
also investing in infrastructure for economic
progress. If they are ignored, their emissions
will reduce the achievements of others. Also,
some energy-inefficient industries might
migrate to countries that do not have tough
regulations or other programs to mitigate
climate change. Including every country in
the mitigation activities is the best way to

ensure a decrease in GHG emissions—and
to guard against an increase.
But there may be some latitude for differ-

entiation among developing-country groups.
Industrial countries proposed that wealthier
developing countries not receive assistance
from any climate fund, even where they
agree to accept mandatory targets. This
approach was argued during the Montreal
Protocol negotiations as well. That treaty
ended up prescribing that developing coun-
tries with per capita consumption of ozone-
depleting substances greater than the
prescribed limits be treated on a par with
industrial countries. A similar arrangement
may be appropriate for addressing climate
change.9

An upside of all these considerations for
implementing technology transfer is that
developing countries can start with modest
initial investment goals and then strengthen
these over time. With more confidence in
the system, recipient countries will come
forward with stiffer goals and donors may in
turn provide more funds. Rather than let the
quest for the perfect become the enemy of
the effective, it will be better to implement a
system capable of progress in the near term
and of being strengthened over time. This
has been the Montreal Protocol’s successful
approach: “start and strengthen.” Hence the
UNFCCC should agree immediately on goals
and committed funding and then start nego-
tiating on the few remaining contentious
details so that governments can arrive at a
functional solution in 2009. Overall, the path
forward should aim to start now where con-
sensus exists and then strengthen invest-
ments in technology transfer as further
agreement is reached.
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Skyrocketing energy prices and concerns
about energy security and climate change
have sparked interest in alternatives to
transport systems run on fossil fuels. In
recent years, electric vehicles have emerged
as the preferred alternative thanks to the
environmental benefits of zero tailpipe emis-
sions and the vehicles’ ability to take power
directly from the power grid. (See Table.)

In the same way that a cell phone or com-
puter runs on its battery when someone is
on the go and is then plugged in when the
person is at work or at home, an electric
vehicle will run on battery power when
someone is driving and can be plugged in
at night or while the owner is at work to
recharge, drawing about as much power
from the grid as a dishwasher would. The
main change will be no more trips to the gas
station and extra money in drivers’ pockets.
At current U.S. electricity prices, running an
electric vehicle would cost the equivalent of
75¢ a gallon (20¢ a liter).1

This ability to “fuel” electric vehicles
directly from the existing power grid raises
questions about how much additional gener-
ation capacity would be required to meet
increased demand for power if there were
widespread use of electric vehicles. In partic-
ular, people promoting the transition to an

energy system based on renewable sources
are concerned about whether such forms of
energy can meet growing power as well as
transportation needs.

Fortunately, there is more than enough
renewable energy to do both. For instance,
concentrating solar power plants built on
less than 0.3 percent of the deserts of North
Africa and the Middle East could generate
sufficient energy to meet the local needs of
these regions as well as the electricity needs
of the entire European Union. One effort to
tap this potential is the DESERTEC Concept,
which envisions 100,000 megawatts (MW)
of concentrating solar power plants being
developed in North Africa and the Middle
East by 2050 and transported via underwater
cables across the Mediterranean to Europe.
Algeria already has plans to build a 3,000-
kilometer cable to Germany, allowing it to
export 6,000 MW of solar thermal power by
2020 and providing a perfect complement to
Germany’s significant wind energy capacity.2

The renewable energy potential in the
United States is similarly vast, and only
a small fraction of it would need to be
harnessed to electrify the current fleet of
cars and light trucks (which account for
more than a third of the total world vehicle
fleet). If half of the light vehicle fleet were
plug-in hybrid electrics, a transformation
that is likely to require several decades, an
increase in U.S. wind energy capacity of
roughly 105,000 MW would be needed to
run the vehicles. This is equivalent to total

Electric Vehicles and Renewable Energy Potential
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global wind capacity today and could be sup-
plied by the addition of 63,000 5-MW wind
turbines. (These vehicles would still rely
on gasoline for longer trips, depending on
individual driving and charging behavior.)
A 2008 U.S. Department of Energy report
concluded that wind power could supply 20
percent of U.S. electricity by 2030, or more
than 300,000 MW—which is almost three
times as much electricity as is used to run
half the country’s light vehicles today.
And—unlike oil—the sun, wind, water, and
biomass needed to produce renewable
energy are available throughout the world. 3

As an additional benefit, existing manu-
facturing facilities (some of which are now
idle) could be converted to produce wind
turbines, creating thousands of green-collar
jobs. China provides an example of a boom-
ing wind manufacturing industry, which is
set to produce 11,000 MW of turbine capac-
ity (or more than 7,000 1.5-MW wind tur-
bines) in 2008. And Chinese companies are
beginning to export their turbines as well.4

Are there benefits to using renewable
energy to power electric vehicles in addition
to the cleaner air and reduced acid
rain–forming emissions that would result?
The government of Denmark thinks so and
is now looking to lead in the move toward
electric vehicles. Wind accounted for 21 per-
cent of Danish power production in 2007.
Since wind speeds are higher at night, when
electricity demand is lower, Denmark has
looked for ways to offload its excess genera-
tion. Electric vehicles could help here, as
most of them will be charged at night and
will be able to make use of excess wind
energy. As Torben Holm of Danish Oil and
Gas has noted, “by charging the cars at
night Denmark will be able to use wind
energy that otherwise would have to be
exported to neighboring countries, typically
at relatively low prices. Moreover…that

energy can be sent back to the grid during
peak hours.”5

Working with the Danish government to
make this vision a reality is an Israeli-Ameri-
can start-up company called Better Place.
It plans to provide electric vehicles and
countrywide electric recharge grids in both
Israel and Denmark beginning in 2009 and
expects to have 100,000 vehicles in place in
each country by the end of 2010. The electric
recharge grid would include recharging
points for drivers but also battery exchange
stations where they could swap depleted
lithium-ion batteries for fully charged ones for
trips of longer than 120 miles (200 kilome-
ters), the projected range of these vehicles,
thus eliminating concerns about the limited
range of full electric vehicles. The cars in
Israel and Denmark will rely on solar and
wind power respectively, providing truly clean
transportation. Better Place is currently dis-
cussing similar projects with 25 countries.6

Key to the implementation of this plan is
the development of vehicle-to-grid technol-
ogy. Switching electric vehicles to this sys-
tem would create a large, flexible, distributed
power generation, storage, and transmission
network, eliminating the need for other
means of energy storage as well as reducing
the need for new transmission and distribu-
tion infrastructure.7

Google is already putting this approach
into practice at its California headquarters,
using a fleet of six plug-in hybrid electric
vehicles and a 1.6-MW solar array that
currently feeds power into the California
grid. Google plans to eventually include 100
plug-in hybrid electric vehicles in its fleet
and to install solar charging stations so that
these vehicles can be charged from Google’s
solar array. The company has conducted a
successful demonstration of vehicle-to-grid
technology in cooperation with the utility
company Pacific Gas & Electric. These vehi-
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cles will be able to store energy produced
from Google’s solar array for later use or to
supply additional power to Google or the
grid during peak demand hours. After their
first year on the road, the cars in the Google
fleet are getting an average of 93.5 miles per
gallon of gasoline.8

Building on this interest in electric
vehicles, major automakers such as General
Motors and Nissan-Renault have plans to
market full electric vehicles or plug-in hybrid
electrics within the next two years. Smaller
automakers such as REVA of India and BYD
Auto of China are also getting in on the
game, with plans to have electric vehicles on
the market both at home and in Europe and
North America in the next two years as well.
The electric range of these vehicles should
be 40–100 miles (about 65–160 kilometers),
with prices that are competitive with today’s
mid-range vehicles.9

Plug-in hybrid electrics provide an
alternative that eliminates concerns related
to the limited range of fully electric vehicles.
This flexibility does come with increased
emissions, however, although they are still
far below those produced by cars run just
on gasoline. The relatively lower emissions
are due to the fact that 71 percent of cars in

the United States are driven for at most 40
miles a day in weekday travel, a distance that
could be driven entirely in electric mode in
most plug-in hybrid electrics (assuming that
the vehicles are recharged every night for the
next day’s driving), with gasoline only being
used by people driving beyond the vehicle’s
electric range each day.10

In many countries, powering vehicles with
the existing electricity mix would mean that
much of the energy would come from coal.
But even in the worst-case scenario of using
100 percent coal-fired electricity, the carbon
dioxide emissions associated with electric
vehicles are expected to decline—up to 50
percent by some estimates—relative to
those of gasoline and diesel-fueled vehicles
because electric motors are three to four
times more efficient.11

The chief barrier to wider use of electric
vehicles is the lack of political will. To date,
the private sector has driven the transition,
but governments can greatly accelerate
it through preferential taxation of electric
vehicles, higher taxes on gasoline and
diesel, and public incentives and research
to advance technologies and infrastructure.

Another barrier to deployment is current
battery technology. The nickel–metal hydride
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Technology Description

Hybrid electrics Have an electric motor as well as an internal combustion engine; not able to plug in to
recharge

Full electrics Solely battery-powered; recharged by plugging into main electricity source

Plug-in hybrids Combine batteries, which allow them to run in electric mode, with smaller internal
combustion engines (which use gasoline or other liquid fuels) to power the vehicle on
longer trips when battery power has been depleted; recharged by plugging into main
electricity source

Vehicle-to-grid A form of smart grid technology that allows utilities to communicate with vehicles as
they would larger power plants, with energy able to flow in both directions and the
vehicle owner debited or credited for energy taken from or provided to the grid

ElectricVehicleTechnologies



batteries installed in most current hybrid-
electric vehicles are limited in both power
and energy storage density. But the develop-
ment of lithium-ion batteries promises sig-
nificant improvements. These are becoming
the industry standard due to their higher
energy and power densities and lower cost,
and most automakers are banking on them
to provide the necessary extension in driving
range for the next generation of electric cars
and plug-in hybrids.12

An infrastructure needs to be created to
ensure that drivers can easily charge their

vehicles wherever they happen to be. Public
and private investment is also required to
develop the “smart” grid technologies
needed to ensure that all new plug-in hybrid
electric and fully electric vehicles are vehicle-
to-grid capable and that electricity grids can
handle the demands of these vehicles. As
hundreds of thousands of electric vehicles
hit the roads, their charging patterns will
have to be actively managed to reconcile the
needs of drivers and grid operators.13

Electric vehicles have a great potential to
help reduce the impact of transportation sys-
tems on the environment. But it is important
to remember that their adoption must be
seen as a part of a larger process of moving
toward a more sustainable transportation
system. A holistic approach to future trans-
port must include not only electric vehicles
but also the promotion of better urban
design, walking, cycling, and carpooling as
well as increased investment in public tran-
sit and rail—programs that will lead to less
driving and a more efficient transit system.
And that will help the world meet sustain-
able mobility goals with renewably generated
energy sooner.
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The Better Place electric car prototype

B
et
te
r
Pl
ac
e



WWW.WORLDWATCH.ORG 115

STATE OF THE WORLD 2009 Climate Connections

As climate action grows urgent, some
observers warn that economies will suffer
as a result. But economic prosperity and
employment depend in fundamental ways
on a stable climate and healthy ecosystems.
Without timely action, many jobs could be
lost due to resource depletion, biodiversity
loss, the impacts of increasing natural dis-
asters, and other disruptions. Meanwhile,
employment that actually contributes to
protecting the environment and reducing
humanity’s carbon footprint offers people a
tangible stake in a green economy.

The pursuit of so-called green jobs will
be a key economic driver as the world steps
into the uncharted territory of building a low-
carbon global economy. “Climate-proofing”
the economy will involve large-scale invest-
ments in new technologies, equipment,
buildings, and infrastructure, which will pro-
vide a major stimulus for much-needed new
employment and an opportunity for retain-
ing and transforming existing jobs.1

The number of green jobs is already on
the rise. Most visible are those in the renew-
able energy sector, which has seen rapid
expansion in recent years. Current employ-
ment in renewables and supplier industries
stands at a conservatively estimated 2.3 mil-
lion worldwide. The wind power industry

employs some 300,000 people; the solar
photovoltaics (PV) sector, an estimated
170,000; and the solar thermal industry, more
than 600,000 (this relatively high figure is
due to low labor productivity in China, the
leading producer of solar thermal systems).
More than 1 million jobs are found in the bio-
fuels industry—growing and processing a var-
iety of feedstocks into ethanol and biodiesel.2

Some industrial regions that have
become Rust Belts, such as parts of the U.S.
Midwest or Germany’s Ruhr Valley, are gain-
ing new vitality from wind and solar develop-
ment. Rural communities receive additional
income when farmers place wind turbines
on their land. Installing, operating, and ser-
vicing renewable energy systems provides
additional jobs; local by definition, these are
resistant to outsourcing. In Bangladesh, the
spread of solar home systems—which might
reach 1 million by 2015—could eventually
create some 100,000 jobs.3

Wind and solar are poised for continued
rapid expansion. Under favorable invest-
ment projections, wind power employment
worldwide could reach 2.1 million in 2030,
and the solar PV industry might employ as
many as 6.3 million people by then. Although
renewables are more labor-intensive than
the fossil fuels they replace, the energy sec-
tor does not account for a very large portion
of employment. Many more green jobs will
eventually be created through the pursuit of
more-efficient machinery and appliances.
Energy performance services are already a

Employment in a Low-Carbon World
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growing phenomenon.4

Construction jobs can be greened by
ensuring that new buildings meet high per-
formance standards. This is particularly
important in Asia, which is undergoing a
construction boom. And retrofitting
commercial and residential buildings to
make them more energy-efficient has huge
job potential for construction workers,
architects, energy auditors, engineers, and
others. For instance, the weatherization of
some 200,000 apartments in Germany cre-
ated 25,000 new jobs and saved 116,000
existing jobs in 2002–04 at a time when the
construction industry faced recession. Pro-
viding decent and efficient housing in the
developing world’s urban agglomerations
and slums presents an unparalleled job
creation opportunity—if the necessary
resources are mobilized.5

The transportation industry is a corner-
stone of modern economies, but it also has
the fastest-rising carbon emissions of any
sector. Incorporating the very best in fuel
efficiency technology would dramatically
lessen the environmental footprint of motor
vehicles. An assessment of the most-efficient
cars currently available suggests that rela-
tively green auto manufacturing jobs may
today number no more than about 250,000
out of roughly 8 million direct jobs in the
auto sector worldwide. But a concerted push
toward much greater efficiency and carbon-
free propulsion systems is needed. Likewise,
retrofitting highly polluting two-stroke
engines that are ubiquitous, especially in
Asia, to cut their fuel consumption and emis-
sions would create many jobs.6

Overall, the reliance on cars and trucks
needs to be reduced. Railways offer an alter-
native, yet many jobs have been lost over the
last few decades as rail has been sidelined.
In Europe, railway manufacturing and oper-
ating employment is down to about 1 mil-

lion. Even in China and India, rail jobs fell
from 5.1 million to 3.3 million from 1992 to
2002. A recommitment to rail, as well as to
urban public transit, could create many mil-
lions of jobs. In growing numbers of cities,
good jobs are being generated by the emer-
gence of bus rapid transit systems. There are
also substantial green employment opportu-
nities in retrofitting old diesel buses to
reduce air pollutants and in replacing old
equipment with cleaner compressed natural
gas (CNG) or hybrid-electric buses. In New
Delhi, the introduction of 6,100 CNG buses
by 2009 is expected to create 18,000 new
jobs. More-affordable and nonpolluting
transportation networks also give poor peo-
ple in developing-country cities better access
to job opportunities.7

Basic industries like steel, aluminum,
cement, and paper may never be truly
“green,” as they are highly energy-intensive
and polluting. But increasing scrap use,
greater energy efficiency, and reliance on
alternative energy sources may at least ren-
der them a pale shade of green. Secondary
scrap-based steel production requires up to
75 percent less energy than primary produc-
tion. Worldwide, 42 percent of steel output
was based on scrap in 2006, possibly
employing more than 200,000 people.
Likewise, secondary aluminium production
uses only 5–10 percent as much energy as
primary production. About one quarter of
global aluminum production is scrap-based.
No global employment numbers exist for
this, but in the United States, Japan, and
Europe, it involves at least 30,000 jobs. The
cement and the paper and pulp industries
have similar greening potential, but like the
aluminum industry they are relatively small
employers.8

The number of recycling and remanufac-
turing jobs worldwide is another unknown.
In the United States, these are estimated at
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more than 1 million. With higher rates of
recycling, Western Europe and Japan can be
assumed to have greater employment in this
sector. In developing countries, paper recy-
cling is often done by an informal network of
scrap collectors, sometimes organized into
cooperatives in order to improve pay and
working conditions. Jobs and livelihoods in
informal communal recycling efforts are dif-
ficult to document; in Cairo, the Zabbaleen
have received considerable international
attention. Believed to number some 70,000,
they recycle an estimated 85 percent of the
materials they collect. Brazil is thought to
have some 500,000 recycling jobs. China,
with estimates as high as 10 million jobs,
trumps all other countries in this area.9

For many developing countries, a key con-
cern is the future of agriculture and forestry,
which often still account for the bulk of
employment and livelihoods. Small farms
are more labor- and knowledge-intensive
than agroindustrial farms, and they use less
energy and chemical inputs. But relatively
sustainable forms of smallholder agriculture
are being squeezed hard by energy- and pes-
ticide-intensive plantation and specialized
crops, trade liberalization, and the power of
global supply and retail chains. Organic
farming is still limited, although expanding.
More labor-intensive than industrialized
agriculture, this can be a source of
additional green employment in the future.
A study in the United Kingdom and Ireland
showed that organic farms employed one
third more full-time equivalent workers than
conventional farms do.10

Afforestation and reforestation efforts, as
well as generally better stewardship of criti-
cal ecosystems, could support livelihoods
among the more than 1 billion people who
depend on forests, often through non-timber
forest products. Planting trees creates large
numbers of jobs, although these are often

seasonal and low paid. Agroforestry—which
combines tree planting with traditional farm-
ing—offers significant environmental bene-
fits in degraded areas, including carbon
sequestration. It has been shown to provide
food and fuel security and to create employ-
ment and supplementary income for small
farmers. Some 1.2 billion people already
depend on agroforestry to some extent.11

There is additional job potential in deal-
ing with the accumulated environmental
ills of the past and improving the ability to
cope with the climate change that is already
inevitable. The building of much-needed
adaptation infrastructure, such as flood bar-
riers, to protect communities from extreme
weather events has barely started but pre-
sumably would employ large numbers of
people, even if only temporarily. Activities
such as terracing land or rehabilitating wet-
lands and coastal forests are labor-intensive.
Efforts to protect croplands from environ-
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mental degradation and to adapt farming to
climate change by raising water efficiency,
preventing erosion, planting trees, using
conservation tillage, and rehabilitating
degraded crop and pastureland can also
support rural livelihoods.

So the potential for green jobs is im-
mense. But much of it will not materialize
without massive and sustained investments
in the public and private sectors. Research
and development programs need to shift
decisively toward clean technology, energy
and materials efficiency, and sustainable
workplace practices, as well as toward
environmental restoration and climate
adaptation.

Governments need to establish a firm
and predictable policy framework for green-
ing all aspects of the economy, with the help
of targets and mandates, business incen-
tives, and reformed tax and subsidy policies.
It will also be critical to develop innovative
forms of technology transfer to spread green
methods around the world at the scale and
speed required to avoid full-fledged climate
change. Cooperative technology develop-
ment and technology-sharing programs
could help expedite the process of replicat-
ing best practices.

To provide as many workers as possible
with the qualifications they will increasingly
need, an expansion of green education,
training, and skill-building programs in a
broad range of occupations is crucial. Some
jobs involve sophisticated scientific and
technical skills. But green job development
also needs to offer opportunities for the
broad mass of workers, including those who

have too often found themselves in under-
privileged situations.

The transition to a low-carbon future will
involve major shifts in employment patterns
and skill profiles. Resource extraction and
energy-intensive industries are likely to feel
the greatest impact, and regions and
communities highly dependent on them may
face serious consequences. They will need
proactive assistance in diversifying their eco-
nomic base, creating alternative jobs and
livelihoods, and acquiring new skills. Today,
such a “just transition” remains a theoretical
notion.

Green jobs need to be decent jobs—offer-
ing good wages and income security, safe
working conditions, dignity at work, and
adequate workers’ rights. Sadly, this is not
always the case today. Recycling work is
sometimes precarious, involving serious
occupational health hazards and often gen-
erating less than living wages and incomes,
as is the case for 700,000 workers in elec-
tronics recycling in China. Growing crops for
biofuels at sugarcane and palm oil planta-
tions in countries like Brazil, Colombia,
Malaysia, and Indonesia often involves
excessive workloads, poor pay, exposure to
pesticides, and oppression of workers. Also,
the expansion of biofuels plantations has
driven people off their land in some cases,
thus undermining rural livelihoods.12

These cautionary aspects highlight the
need for sustainable employment to be good
not only for the environment but also for the
people holding the jobs. Still, an economy
that reconciles human aspirations with the
planet’s limits is eminently possible.
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In Operation Climate Change, members of a
Nigerian indigenous peoples’ rights move-
ment attempt to shut down oil flow stations
in the Niger Delta. Ecuadorian environmental
activists risk their lives to protest construc-
tion of an oil pipeline through the Amazon-
ian forest that is home to the native Quichua,
Shuar, and Achuar people. More than 200
farmers from 20 countries march in Bali,
Indonesia, during a meeting on the U.N. cli-
mate convention to demand that food sover-
eignty be addressed by negotiators.1

These are just three of the many grass-
roots initiatives worldwide that are seeking
to mobilize governments and the public to
tackle climate change. In doing so, most
groups argue that human rights include
people’s rights to a clean environment and
access to critical natural resources. Many of
them advocate the participation of marginal-
ized communities in the U.N. climate nego-
tiation process. Although their specific
agendas differ, these groups are part of an
emerging global movement for climate jus-
tice—an intricate web of grassroots initiatives
from diverse regions calling for attention to
the inequities inherent in climate change
and the need to consider human rights when
addressing this pressing global issue.
These grassroots groups tend to be self-

organized and oriented toward visible action
and advocacy rather than research. They typ-

ically define themselves as “economically
marginalized” peoples, “disadvantaged,” or
“poor.” The livelihoods of many members
depend extensively on climate-sensitive sec-
tors for their survival, such as farming, fores-
try, and fisheries. Others are union members
seeking alternative employment opportuni-
ties within a growing green economy or
young people concerned about their future.
Local struggles for climate justice con-

nect at the international level with a shared
understanding that in addition to accelerat-
ing environmental degradation and species
loss, global climate change will jeopardize
human rights and exacerbate socioeconomic
inequities. According to a recent report by
the U.N. Development Programme, climate
change is “intensifying the risks and vulnera-
bilities facing poor people, placing further
stress on already over-stretched coping
mechanisms.”2

The first-ever Climate Justice Summit took
place in The Hague, Netherlands, in Novem-
ber 2000 at the same time as the Sixth Con-
ference of the Parties to the U.N. Framework
Convention on Climate Change (UNFCCC).
More than 500 grassroots leaders from Asia,
Africa, Latin America, and North America
gathered to build bridges across borders and
thematic issues. Regional and international
networks quickly merged, building the foun-
dation of a global grassroots movement to
tackle climate change.3

Members of international coalitions such
as the Indigenous Environmental Network,

Climate Justice Movements Gather Strength

Ambika Chawla
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the World Rainforest Movement, Oilwatch
International, and Friends of the Earth Inter-
national joined to craft the climate justice
movement’s initial guiding principles and to
organize parallel events to the official meet-
ing, such as cultural activities and mass
mobilizations. “We affirm that climate
change is a rights issue. It affects our liveli-
hoods, our health, our children and our nat-
ural resources. We will build alliances across
states and borders to oppose climate change
inducing patterns and advocate for and prac-
tice sustainable development,” proclaimed
the summit’s action statement.4

In addition, individual international coal-
itions presented statements on specific
issues of concern. Indigenous groups had
collaborated on the Declaration of the First
International Forum of Indigenous Peoples
on Climate Change, calling for the creation
of an adaptation fund with financing allocated
for indigenous groups and the inclusion of
indigenous peoples in all levels of decision-
making in the UNFCCC process. The World
Rainforest Movement presented the Mount
Tamalpais Declaration, demanding deep
greenhouse gas emissions cuts and an
end to the inclusion of tree plantations as

“carbon sinks” within the Clean Development
Mechanism established in the Kyoto Proto-
col. According to the declaration, “licensing
the burning of fossil fuels by financing tree
plantations to ‘absorb’ carbon dioxide would
expand the ecological and social footprint of
the rich, making existing social inequalities
worse.” As an alternative strategy, the decla-
ration recommended that local communities
manage forest ecosystems.5

The global climate justice movement has
since grown and evolved as a widening circle
of civil society groups worldwide integrate
climate protection objectives into their
strategic agendas. At the Thirteenth Confer-
ence of the Parties to the UNFCCC in Bali in
December 2007, a diverse spectrum of
social movement groups held street demon-
strations, press conferences, and educa-
tional side events. An Asian Young Leaders
Climate Forum brought together 35 young
people from 14 nations who developed a
regional climate action plan that was later
presented to the official conference.6

Farmers from around the world filled the
streets with bright and colorful banners, call-
ing for small-scale, sustainable agriculture
as an alternative to industrial farming.
“Sustainable agriculture will cool the earth!”
they cried. Oilwatch International activists
demanded the redirection of financing from
fossil fuels to emissions mitigation and
clean renewable energy technologies. Num-
erous groups at the meeting decided to form
the Climate Justice Now! coalition, demand-
ing that industrial nations implement drastic
emissions, increase financing to support
adaptation programs in the developing
world, and support rights-based conserva-
tion programs that promote community
control over energy, forests, and water.7

Assessing the impact of climate justice
movements on domestic and international
climate governance can be a challenge, as

Representatives of indigenous peoples protest their
exclusion from the UNFCCC meeting in Bali.
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these movements tend to participate outside
of climate conventions, have no voting
authority within official negotiations, and
often use international conferences as an
opportunity to strengthen their agendas
through networking and alliance building.
The movement’s overarching principles—
climate equity, inclusive participation, and
human rights—play a limited role in the
arena of global policymaking on climate
change. The UNFCCC, for example, makes
no mention of human rights.8

But those key principles are beginning to
emerge in the activities of nongovernmental
organizations (NGOs), some branches of
the United Nations, and some intergovern-
mental organizations. International human-
itarian organizations such as ActionAid,
Christian Aid, Oxfam, and Tearfund have
developed climate campaigns based on
equity and human rights, often acting as a
bridge between underrepresented communi-
ties and official policymakers. The United
Nations is increasingly integrating the con-
cerns of marginalized groups such as indig-
enous peoples into its program work on
climate change. According to a recent U.N.
report, “the proposals of indigenous com-
munities to integrate their social, political,
cultural, and economic rights and their aspi-
rations into future development strategies
must be considered so that the challenges
they are facing are fully addressed, respect

for their rights and cultures is ensured, and
their survival and well-being is protected.”
And in mid-2008 the World Bank initiated
a program on human rights and climate
change, with a focus on developing policies
and procedures that build resilience to
climate change and reduce vulnerability by
using a rights-based approach.9

Moreover, climate justice movements
collaborate closely with NGOs that in turn
incorporate the movement’s principles into
proposals they submit to the UNFCCC Sec-
retariat. Tearfund, for example, has submit-
ted a proposal on disaster risk reduction
that focuses on community participation
within the context of adaptation planning.
The Global Forest Coalition has presented
a proposal addressing the need to involve
indigenous peoples in policymaking pro-
grams to reduce emissions from deforesta-
tion in developing countries. And the
Climate Action Network has put in a pro-
posal calling for governments to initiate a
collaborative dialogue on how adaptation of
the most vulnerable groups of a population
can be effectively supported. Thus although
members of marginalized communities may
not join in international climate negotiations
at the official level, they have succeeded in
making their voices heard by influencing
more-established NGOs that work closely
with the negotiators.10
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Tamsen Butler was living the busy life of a
mother of two, a college student, and a free-
lance writer when her 15-month-old son
could no longer breathe properly. She carried
him into the ambulance, clutching “my son
in one arm while I used my other arm to bal-
ance my laptop bag.” After a couple of nights
in a Nebraska hospital tending to her son
and staying up late trying to meet writing
deadlines, she had an epiphany: “My son
was in the hospital and I was a fool.” Rather
than working while her son slept, Butler real-
ized she should have been resting. Rather
than “clutching my son with only one arm I
should have had both arms wrapped around
him.” When her son recovered, Butler and
her family began spending less time rushing
from here to there and reorganized their lives
around their health and their time together.
They also gave to charity the many extra toys
and clothes they had accumulated.1

J. Eva Nagel awoke one autumn night in
upstate New York to find her house was
burning. The fire moved slowly enough that
she got her children, pets, and photo albums
out, but she watched as her clothes, her
books, and her dissertation notes were
destroyed. Nagel eventually came to see the
fire not as a tragedy but rather as “a wake-up
call.” Now, she writes, “Our priorities…are

Tim Kasser, Ph.D., is Associate Professor of Psychol-
ogy at Knox College in Illinois and a member of the
Environmental Protection and Justice Action Com-
mittee of Psychologists for Social Responsibility.
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as clear as a crisp autumn evening”: her
family, her health, the pursuit of joy, and giv-
ing back to the community.2

These are true stories, but they are also
metaphors for the situation facing humanity.
The world is full of busy people whose lives
are jam-packed with appointments and pos-
sessions. The Earth is ill and, although not
on fire, it is warming at a dangerous rate.
As these problems worsen, humanity is
faced with a choice: Continue with life as
usual, like Butler first did during her son’s
hospitalization, or “wake up,” realize that
only “fools” persist in a damaging lifestyle,
and use the environmental threats humanity
faces as an opportunity to shift priorities
and values.

The scientific evidence is quite clear
about the environmental dangers of contin-
uing to focus on the values and goals so
prominent in today’s hyperkinetic, consum-
eristic, profit-driven culture. A growing body
of research shows that the more people
value money, image, status, and personal
achievement, the less they care about other
living species and the less likely they are to
recycle, to turn off lights in unused rooms,
and to walk or bicycle to work. One study of
400 American adults showed that the more
people pursue these extrinsic, materialistic
goals, the higher were their “ecological foot-
prints.” And when researchers have asked
people to pretend to run a timber company
and bid to harvest trees from a state forest,
those who care more about money, image,

Shifting Values in Response to Climate Change
Tim Kasser
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ues as a way of helping humans avert
ecological catastrophe. For just as scientific
research has documented that materialistic,
self-enhancing values contribute to climate
change, the pursuit of intrinsic values has
been empirically associated with more sus-
tainable and climate-friendly ecological activ-
ities. What’s more, to ensure that ecological
damage is not borne primarily by the most
vulnerable (whether that be poor people,
other species, or future generations), a shift
toward intrinsic values will again be benefi-
cial, as such aims promote more empathy
and higher levels of pro-social and coopera-
tive behavior. And, in a happy convergence, a
shift toward intrinsic values may also benefit
humanity’s well-being: whereas dozens of
studies show that materialistic, self-enhanc-
ing goals are associated with lower life satis-
faction and happiness, as well as higher
depression and anxiety, intrinsic values and
goals promote greater personal well-being.7

But here is the rub. While Butler and
Nagel were both able to use their life
challenges to reorient their lives, and while
some people do grow out of traumas, this
does not always occur. Stress, trauma, and
fear often lead people to treat themselves,
others, and the environment in more
damaging ways. Experiments show that
when people are led to think only super-
ficially (instead of deeply) about their own
death, they become more defensive, more
focused on consumption and acquisition,
more greedy, and more negative in their atti-
tudes toward wilderness. Similarly, studies
show that economically difficult times often
increase people’s levels of materialism and
decrease their concern for the environment
and for other people.8

Thus, there are both potentially very scary
and very hopeful outcomes of the looming
climate crisis. On the one hand, humanity
might respond in a defensive fashion,

and status act more greedily and cut trees
down at less sustainable rates.3

In psychological parlance, life challenges
spurred Tamsen Butler and Eva Nagel to
care less about such materialistic aims and
instead focus more on “intrinsic” values and
goals. Intrinsic goals are those focused on
self-acceptance (personal growth and pursu-
ing an individual’s own interests), affiliation
(close relationships with family and friends),
physical health (fitness), and community
feeling (contributing to the broader world).4

Such shifts toward intrinsic values after
people experience a very stressful life event
are well documented in the psychological lit-
erature on “post-traumatic growth.” Some-
times traumatic events (including brushes
with death) jar people loose from their typi-
cal ways of living and the standard goals
they thought were important. As they struggle
to understand and assimilate these trau-
matic events, many people reject materialis-
tic, self-enhancing values and goals and
instead express a newfound appreciation for
family and friends, for helping others, and
for personal growth.5

Two recent sets of experiments have even
documented that “virtual” death experiences
can help people shift, at least temporarily,
away from extrinsic and toward intrinsic val-
ues. In one study, people scoring high in
materialism who were asked to deeply imag-
ine their own death and reflect on the mean-
ing it held for their life later behaved in a
more generous, less greedy fashion than
did materialistic individuals who thought
about neutral topics. In another experiment,
sustained reflection on their own death over
six days helped intrinsically oriented people
maintain intrinsic values, while daily
reminders of death helped more materialistic
people become more intrinsically oriented.6

It is crucial not to underestimate the
importance of this shift toward intrinsic val-
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advertising messages almost always activate
and encourage the materialistic values known
to undermine environmental sustainability.
Rather than allowing young children to be
exposed to such messages and encouraged
to develop such values, some Scandinavian
nations have banned advertising to children,
thereby helping lessen their materialistic
values. Other countries need to follow this
precedent. And rather than allowing corpora-
tions to deduct the costs of marketing and
advertising, the government could tax the
tens of billions of dollars spent each year
inculcating materialistic values and use that

revenue to promote intrinsic values.9

American families also need help
to reorient their lives away from the
pursuit of material affluence and
toward the pursuit of “time
affluence.” Research shows that
people who work fewer hours per
week are more likely to be pursuing
intrinsic goals, are happier, and are
living in more sustainable ways.
What’s more, a recent cross-
national study concluded that “If,
by 2050, the world works as many
hours as do Americans it could con-
sume 15–30 percent more energy
than it would following Europe. The
additional carbon emissions could
result in 1 to 2 degrees Celsius in
extra global warming.” Rather than
maintaining practices and policies

that promote time poverty, time affluence
can be enhanced by passing laws mandating
that Americans be given paid vacations and
family leave (which is the case in most every
other nation in the world, rich or poor). And
the number of holidays per year can be
increased while the number of hours worked
per week can be decreased so that people
commute less and have more time to live in
sustainable ways.10

becoming increasingly fearful and insecure
as the climate changes, as species go
extinct, and as Earth’s resources become
scarcer. If this happens, psychological—and,
indeed, international—forces are likely to
perpetuate the very materialistic values that
have contributed to current environmental
and social challenges. On the other hand,
the present climate crisis could be the
“wake-up call” necessary to help humans
realize how foolish they have been to fixate
on material progress and personal achieve-
ment to the detriment of Earth, civil society,
and human well-being.

Butler and Nagel had little time to pre-
pare for the crises they faced, but scientists
have given humanity substantial forewarning
about the ecological challenges ahead. For-
tunately, there is still a window of opportun-
ity to change lifestyles and societal practices
so as to lessen the coming damage. There
is much that can be done right now to pro-
mote such a shift in values.

First, it is important to recognize that

Extrinsic house of worship? Shopping mall in Hamburg, Germany
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likelihood that humanity will grow from
them rather than succumb to and worsen
them. This will be an enormous challenge,
for facilitating growth in the face of trauma
entails a tricky balance of helping people to
acknowledge, process, and accept the dis-
turbing realities around them while at the
same time seeing these realities as opportu-
nities to create a new and better life. It will
require leaders who can help people develop
a new set of beliefs and meanings, a funda-
mentally new narrative of what it means to be
a civilized human. Ultimately, this will have
to be a narrative that promotes growing as
people, loving each other, and transcending
self-interest to benefit the poor in flooding
countries, the species on the verge of extinc-
tion, and future generations of humans
rather than the current dominant narrative
that is obsessed with acquisition, self-
enhancement, and profit.12

It is also important to recognize that
seeking economic growth above all else is
just another way that materialistic values
dominate intrinsic pursuits. Rather than
allowing a flawed measure like gross domes-
tic product to direct national policy, new
indicators such as the Happy Planet Index
can be used that incorporate values like peo-
ple’s well-being and environmental sustain-
ability. And rather than focusing on green
consumption and the business case for sus-
tainability, environmental organizations can
stop capitulating to materialistic values and
instead argue for the reduced levels of con-
sumption that most know are necessary to
avoid massive climate change.11

And if these and other efforts are too little
or too late to avert climate change, leaders
from every arena will need to help people
experience and interpret the coming ecolog-
ical challenges in ways that maximize the



Scientific reports on how quickly climate
change is proceeding have divided climate
experts on the issue of how far the delicate
global ecological balance has tipped. While vir-
tually all experts agree that the situation is pre-
carious, a growing number of influential
leaders are quietly whispering that we are
already too late to avoid cataclysmic change.
Don’t believe them.

When you think things seem impossible,
consider migrating birds. By some miracu-
lous combination of genetic coding and
sheer determination, warblers, waterfowl,
hummingbirds, and hawks travel thousands
of miles each year, despite increasingly
scarce habitat and food, to mate and nest.
Some birds weigh less than an ounce yet
travel at high altitudes from hillsides in
Canada to mountains in the Dominican
Republic. Homo sapiens can be equally
amazing. We consciously sacrifice ourselves
to protect others. We do extraordinary things
to ensure that life flourishes. The drive for a
safe future should never be underestimated.

Earth is resilient, and humans have a
remarkable capacity to overcome tough
odds in the quest for survival, freedom, and
justice. We have our stories—Nelson Man-
dela, Vaclav Havel, Wangari Maathai,
Mahatma Gandhi, Mother Teresa, the Berlin

Wall, and the journey to the moon among
the most inspiring. Now a worldwide move-
ment inspired by the prospect of climate
change is refusing to accept the traditional
pattern of incremental change. Bold actors
in a variety of fields and professions are
rapidly emerging on every continent and in
every sector of human society.

Author and academic Michael Pollan, for
example, envisions a radical restructuring of
the global food system that rapidly elimin-
ates the need for fossil-fuel fertilizers and
minimizes global transport of most foods.
Stephen Heinz of Rockefeller Brothers Fund,
Jules Kortenhorst of the European Climate
Foundation, and Uday Harsh Khemka of the
Nand & Jeet Khemka Foundation together
are harnessing the power of philanthropy
on a global scale to support energy innova-
tions in China, India, Europe, and the
United States. Local officials like Mayor
Marcelo Ebrard of Mexico City, former
school teacher and now California legislator
Fran Pavley, and Mayor Michael Bloomberg
of New York City are changing transporta-
tion, land use, and energy policies to reduce
carbon emissions.1

The case for bold action is indisputable.
The roadmap into the future is becoming
increasingly clear.

Imagine it is 2025 and you are speaking
with a young person, describing the role you
played in helping your school, community,
or country turn away from fossil fuel con-
sumption and catastrophic climate change

Not Too Late to Act
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and toward a more just, secure, sustainable
path. Rather than a story of mass migrations,
rising sea levels, and collapsing ecosystems,
it is a story of heroism, unexpected break-
throughs, and climate solutions. Instead of
feeling hopeless about a global economic
machine built on coal and oil, you are feeling
excited about the new ways we generate
power, grow food, and live together. Let’s
look ahead and imagine that together with
millions of other concerned citizens we
defied the doomsday prophets and created
the foundation for transformational change.

By 2025 global carbon emissions are
rapidly decreasing. The world has embarked
on a green economic recovery program that
stimulates new jobs, businesses, and sus-
tainable growth. Millions of new jobs have
been created on every continent to hasten
the transition to a zero-carbon economy. In
the United States alone, 2 million new jobs
were created by 2010. Today roofers, electri-
cians, civil engineers, assembly-line workers,
lawyers, loan officers, and urban planners
are building zero-carbon schools, health
clinics, and homes. They manufacture and
market wind turbines, solar panels, and
hybrid vehicles. Many plant and harvest
community gardens and small farms, while
others design and construct mass transit
systems, a smart grid, and new solar-
powered irrigation systems. Work is valued,
and green jobs in New Orleans as well as in
Haiti, Zimbabwe, and Liberia lift people out
of poverty.2

The world has experienced a revolution in
energy efficiency. We stop wasting energy and
realize that conserving energy means saving
money. The extra money we initially spend
on efficient cars, appliances, and buildings is
quickly paid back in reduced energy and gas
bills. By 2012 incandescent light bulbs were
banned everywhere, and our homes, offices,
and buildings have LED lights that have dis-

placed at least 700 coal-fired plants. We
have exciting and climate-friendly new tech-
nologies to use, such as solar-powered elec-
tric bicycles that go up to 20 miles per hour
and cars that get the equivalent of 200 miles
per gallon of gasoline—but that use no gas
at all. Zero-carbon mass transit systems
operate in nearly every major metropolitan
area, funded by dramatic reductions in
global military spending.3

Offices in New York, Beijing, and Bombay
have task lighting, occupancy sensors, high-
efficiency windows, and white or pastel roofs
that deflect rather than absorb heat. Old-
fashioned energy conservation is popular.
Millions of people in industrial countries dry
their clothes in the sun and turn off unnec-
essary lights and electronics. Women-owned
enterprises in India, Honduras, and Ethiopia
produce naturally dyed clotheslines, and
inner-city youth in Detroit employed by the
Conservation Jobs Corps ensure that homes
are properly insulated.

Nations have saved billions of dollars and
hundreds of gigawatts of electricity by estab-
lishing aggressive codes and standards for
buildings, vehicles, appliances, and power
plants. These standards unleash market-
driven innovations in lighting, heating and
cooling, building materials, insulation, vehi-
cles, industrial processes, power generation,
and appliances. Looking back, it is clear that
2009 and 2010 were pivotal years—a time
when forward-thinking nations recharged the
global economy with a program to retrofit
half of the world’s buildings with energy-
efficient technologies and restart auto assem-
bly lines to produce affordable plug-in
hybrid vehicles.4

Electricity from renewable sources has dis-
placed coal and traditional fossil fuel power
plants. Renewable sources of energy such as
wind, solar, geothermal, and biomass have
displaced conventional power plants in the
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Solar-powered rickshaws in Milan, Calcutta,
and Jakarta offer mobile coffee bars. In the
United States, all coal-fired power plants
have been shut down, replaced by renewable
energy and the short-term use of natural
gas. Former coal workers in Wyoming and
Huainan now build small-scale, state-of-the-
art underground storage facilities for zero-
carbon food preservation.6

The world is greener as we look around in
2025. By the end of 2009, more than 7 billion
new trees had been planted. The success of
this initial campaign led to vast tree planting
around the world. Early successes with refor-

estation and tree planting in tropical
zones were pivotal in demonstrating
a global spirit and commitment to
action. With leadership from Costa
Rica, Ethiopia, Kenya, and Papua
New Guinea, and financing from the
industrial world, each of the billions
of trees on average absorb 6 tons of
carbon dioxide a year.7

Developing nations are on the
path to greater prosperity, and
industrial countries are on the path
to sufficiency without excess. Popu-
lation is declining because men and
women in the developing world
have access to family planning and
to food and shelter. We joined
together in 2009 and 2010 and said
NO to business as usual and YES to

a fundamental change in direction. We are
preoccupied with creating convergence
between those who do not have nearly
enough and those who have more than their
share. We do this joyfully, for we recognize
that climate change can no longer be denied
and that social justice and global
cooperation at all levels are prerequisites for
a safe future. Our economies are more local
than global and as a result, small businesses
and farms thrive.

United States and in many other parts of the
world. In northern Africa, parabolic solar
troughs span the equivalent of nearly 45
football fields in the Sahara. Along with
smaller-scale community-owned
photovoltaic and hot water systems, solar
power from this region alone annually sup-
plies the equivalent of half of the Middle
East’s annual oil production. Community-
owned solar installations in developing
nations provide power for water pumping
and drip irrigation, health clinics, schools,
homes, streetlights, and wireless Internet.5

Wind power is a source of rural economic

development in China, the United States,
Spain, Tunisia, Egypt, and elsewhere. China
exceeded its goals and had more than
150,000 megawatts of wind power by 2020.
Communities and buildings look different:
Rooftop solar panels and flat-profile residen-
tial windmills feed electricity back into the
grid. Pedestrians generate electricity just
by walking on energy-generating sidewalks,
while health clubs produce electricity
through treadmills and aerobics classes.

Part of our solar-powered future
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individual concerns to embrace the concerns
of all humanity. We must also act with a
sense of overwhelming urgency. The incre-
mental baby steps of the past will not be
enough. Millions of students, business lead-
ers, engineers, community activists, and
local elected officials are taking bold action
and we must join with them. So don’t
believe those who whisper that we are acting
too late. The future will be determined by
those who defy the odds to imagine a very
different tomorrow and then get serious
about the kind of transformational change
needed to get there.8

We have begun to see that life can be
safer, slower, and less driven by anxiety.
More of us have a sense of sufficiency and
security. Global capitalism driven by ever-
rising consumption has been fundamentally
altered by a new system of rules that unleash
innovation while protecting freedom and all
life on the planet. We have transcended pow-
erful special interests and centuries-old
debates about economic systems to build a
dynamic and promising world. Young people
feel hopeful.

We will not reach this world of 2025 until
we rise above the narrow confines of our



In 1992, Güssing was a dying town not far
from the rusting remains of the Iron Curtain
and the capital of one of Austria’s poorest dis-
tricts. Just nine years later, Güssing was
energy self-sufficient, producing biodiesel
from local rapeseed and used cooking oil, as
well as heat and power from the sun, and had
a new biomass-steam gasification plant that
sold surplus electricity to the national grid.
New industries and more than 1,000 jobs
flocked to the town. Today, not only do
Güssing residents enjoy much higher living
standards, they have cut their carbon emis-
sions by more than 90 percent. And Güssing
is not an isolated case. The Danish island of
Samsø and several other communities have
achieved similar transformations using vari-
ous combinations of innovations.1

A growing number of towns are rapidly
transitioning to low-carbon renewable energy,
and larger cities are attempting to follow
their lead. But most of the world remains

wedded to polluting, carbon-intensive fossil
fuels, despite rising economic costs and threats
to human health, national security, and the
environment. Until recently, fossil fuels were
cheap and abundant; as a result, they have
been used very inefficiently. The tenfold rise
in the price of oil in the past decade and
recent increases in natural gas and coal prices
mean fossil fuels are no longer cheap, and
their volatile prices have devastated many
economies. Readily accessible conventional
fuels are in increasingly shorter supply as dis-
coveries fail to keep up with demand, and
extraction requires developing ever more
remote resources and using increasingly dras-
tic measures—from removing mountain tops
to heating tar sands. Competition for fossil
fuels is heightening international tensions, a
trend likely to intensify over time. The urgent
need to reduce the release of carbon dioxide
(CO2) and methane in order to avoid cata-
strophic climate change has finally focused the

C H A P T E R 4

Janet L. Sawin and William R. Moomaw

An Enduring Energy Future

William R. Moomaw is Director of the Center for International Environment and Resource Policy at
The Fletcher School at Tufts University.

130 WWW.WORLDWATCH.ORG



An Enduring Energy Future

STATE OF THE WORLD 2009

WWW.WORLDWATCH.ORG 131

existing solar water heating.5
As this chapter describes, a range of renew-

able technologies are used to produce elec-
tricity and meet heating and cooling needs.
They are available now and ready for rapid
scale-up. Most of them are experiencing
annual growth rates in the double digits, with
several in the 20–50 percent range. Once
these technologies are in place, the fuel for
most of them is forever available and forever
free. The current technical potential of renew-
able resources is enormous—many times cur-
rent global energy use. (See Figure 4–1.)6

Some observers propose that coal with
carbon capture and storage or nuclear power
may be needed to address climate change
while meeting rising energy demand. But
renewable energy combined with energy effi-
ciency can do the job, and renewables are the
only technologies available right now that can
achieve the emissions reductions needed in
the near term. Efficiently delivered energy
services that use natural energy flows will
protect the global climate, strengthen the
economy, create millions of new jobs, help
developing countries reduce poverty, increase
personal and societal security in all coun-
tries, reduce international tensions over
resources, and improve the health of people
and ecosystems alike. Although this chapter
focuses on industrial countries and rapidly
developing emerging markets, it is important
not to forget the needs of people in the
poorest economies.

Making Every Building
a Power Plant

Buildings use about 40 percent of global
energy and account for a comparable share
of heat-trapping emissions. About half of
this demand is for direct space heating and
hot water needs, and the rest is associated
with the production of electricity for light-

world’s attention on the need for a rapid
shift in how energy services are provided.2

Energy scenarios offer a wide range of
estimates of how much renewable sources
can contribute and how fast. The Interna-
tional Energy Agency (IEA) recently pro-
jected that the share of primary world energy
from renewables will remain at 13 percent
between 2005 and 2030. But if national poli-
cies now under consideration are imple-
mented, that share could rise to 17 percent,
and renewables could be generating 29 per-
cent of global electricity by then. The Inter-
governmental Panel on Climate Change
(IPCC) projects that, with a CO2-equivalent
price of up to $50 per ton, renewables could
generate 30–35 percent of electricity by 2030.
As a 2007 review of global energy scenarios
noted, the “energy future we ultimately expe-
rience is the result of choice; it is not fate.”3

The transition away from fossil fuels
involves a dual strategy: reducing the
amount of energy required through energy
efficiency and then meeting most of the
remaining needs with renewable sources.
The IEA estimates that $45 trillion in invest-
ment, or an average 1 percent of annual
global economic output, will be needed
between now and 2050 in order to wean the
world off oil and cut CO2 emissions in half.
It is imperative that the vast majority of
these investments be in efficiency improve-
ments and renewable energy.4

Renewables already provide a significant
share of the world’s energy. In 2007 renew-
able energy, including large hydro, gener-
ated more than 18 percent of global
electricity. At least 50 million households
use the sun to heat water. Renewable
resources are universally distributed, as are the
technologies. While much of the current
capacity is in the industrial world, developing
countries account for about 40 percent of
renewable power capacity and 70 percent of



ing, space cooling,
appliances, and office
equipment.7

The advent of cheap
and readily available
energy enabled modern
buildings to work in
spite of nature rather
than with it. But it is
possible to reduce de-
mand in existing build-
ings by insulating them
properly, controlling
unwanted air infiltra-
tion, and improving
performance for space
and water heating, light-
ing, ventilation, and air
conditioning. For new
construction, an inte-
grated design with mul-
tiple energy efficiency measures can reduce
energy use to at least half of a conventional
building, and gains of greater than 80 percent
have been achieved. The use of information
technology to manage multiple functions can
also help make the best use of energy.8

The potential savings could be great. The
fragmented nature of building and lighting
codes in the United States, for example, has
meant the continuing construction of ineffi-
cient buildings and the unavailability of tech-
nologies that are common in Europe and
Canada. India has no mandatory efficiency
codes for commercial buildings, and most
contractors do not know how to install insu-
lation. But greener buildings are on the way
in India as well. One of the largest green
commercial developments in the world is
under construction near Delhi; it is expected
to exceed international energy performance
standards.9

As energy efficiency improves, each energy
unit is cheaper, so consumers might choose

to use more energy or to spend their savings
on other goods that require energy. This is
known as the rebound effect or leakage, and
it is measured by the difference between pro-
jected and actual energy savings that result
from an increase in efficiency. Evidence sug-
gests that in developing countries the rebound
effect can be 100 percent or greater, mean-
ing that efficiency improvements have at best
no impact on energy use. In mature or
wealthier markets, however, efficiency
improvements in electrical equipment result
in energy savings that are 60–100 percent of
projected levels. Case studies in the United
States have concluded that energy savings in
commercial buildings—from schools to office
towers—have frequently been greater than
projected. Perhaps most promising are more-
efficient, or even zero-net-energy, buildings.10

A zero-energy, zero-carbon building is
one that produces all its own energy on site
with renewable energy and emits no CO2.
Most buildings will need an energy supply
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from outside to meet peak demands at par-
ticular times of day. Still, such buildings can
be zero-net-energy if they produce as much
energy as they consume in a year. And if they
import renewable, or zero-carbon, energy
from elsewhere, they can also be zero-carbon
buildings. The United Kingdom has man-
dated that all new homes built after 2016
and all commercial buildings constructed
after 2019 must be zero-carbon.11

Once buildings are as efficient as possible,
remaining energy demands can be met with
renewable technologies. Passive solar heating
and thermal storage in buildings can signifi-
cantly lower the need for additional heating,
and judicious placement of windows and roof
shading can reduce cooling needs. In many
locations, solar thermal panels can cost-effec-
tively provide water and space heating. Solar
photovoltaics (PVs) can be integrated into
rooftops and even building facades, where
they are often cheaper than traditional sidings.
In some locations PVs are already cost-com-
petitive with conventional power at peak
demand times as they compete with the price
customers pay for power rather than utility
wholesale rates. They are also often cheaper
than extending the electric grid or using
diesel generators.12

The Passivhaus Institute in Germany has
built more than 6,000 dwelling units that
consume about one tenth the energy of stan-
dard German homes. These low demand lev-
els are achieved through passive solar
orientation for heating and daylighting, effi-
cient lighting and appliances, super insulation
and ultra-tight air barriers on doors and win-
dows, and heat recovery ventilators. As peak
loads decline for lighting, heating, ventilation,
and cooling, so does the required size of
fans, boilers, and other equipment, providing
greater savings.13

There are multiple benefits to the on-site
generation of energy from a variety of dis-

tributed production sites or nodes. New pro-
duction units can be brought on line in small
increments that conform to the new demand
in a timely manner without requiring addi-
tional transmission lines and often without
additional distribution lines. Since power is
produced and consumed on site, transmission
and distribution (T&D) of electricity from
central plants are lowered, and losses are
reduced—so less energy must be generated to
meet the same demand. Local thermal power
systems allow the capture and use of waste
heat along with the production of electricity,
providing heat to adjacent buildings and
thereby reducing energy use and associated
emissions; using renewable energy sources
reduces emissions even more.

A multi-nodal system of distributed energy
is more resilient and more reliable, especially
where the power grid is subject to frequent
interruptions from accidents or other fail-
ures. Having more but smaller power pro-
duction units reduces a system’s vulnerability
to major disruptions. An analysis following a
major 2003 blackout in the U.S. Northeast
found that a few hundred megawatts (MW)
of distributed PV, strategically placed around
the region, would have reduced the risk of
power outages dramatically. Wind turbines
might play a similar role, placed along trans-
mission corridors, highways, or train tracks,
as they are in parts of Denmark.14

Other options for distributed power
include fuel cells and thermal power systems
fueled by solid biomass, biogas or liquid bio-
fuels, or conventional natural gas turbines; all
provide heat as well. The U.K. government
projects that distributed generation could
provide electricity for 40 percent of Britain’s
homes by 2050.15

The full benefits of interconnected systems
could be achieved by transforming the out-
dated central-power-plant-dominated T&D
system into a dynamic “hybrid” network that
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Many technical issues of interconnection
for distributed systems have been addressed
in Europe, where homes, farms, and busi-
nesses produce significant shares of electric-
ity for the grid. Most remaining problems are
due to regulatory rules. In many places, elec-
tric utilities have monopolistic control over
generation; in others, distributed genera-
tors must pay retail rates for electricity from
the grid but are then paid only wholesale
rates—or, in some cases, nothing—for power

relies on diverse and multiple production
nodes, much like the Internet. This network
would consist of locally sited renewable power
and combined heating, cooling, and power
units, some large-scale centralized power
plants, and electricity storage systems. The
development of “smart grids,” which use
information technology to manage supply
and demand, will also be critical to achieving
the full potential of renewables and multiple
distributed storage devices. (See Box 4–1.)16

In today’s “dumb” electricity grid, communication
is only one-way, from consumers to utilities,
which attempt to adjust to changes in demand by
ramping production up and down.When utilities
cannot respond as needed, system problems such
as blackouts can occur. KurtYeager, former presi-
dent of the U.S.-based Electric Power Research
Institute, compares the current electromechani-
cally controlled grid to “a railroad on which it
takes 10 days to open or close a switch.”

Yet the digital age, which has increased
demand for electricity and highly reliable power
systems, is now allowing the transition to a faster,
smarter grid that can provide better-quality
power with two-way communication, balancing
supply and demand in real time, smoothing out
demand peaks, and making customers active
participants in the production as well as con-
sumption of electricity. The smart grid allows
more-efficient use of existing power capacity and
ofT&D infrastructure by reducing line losses
through the use of more local, distributed gener-
ation. As the share of generation from variable
renewable resources increases, a smart grid can
better handle fluctuations in power when the
wind ebbs or clouds hide the sun. It will also
allow electric vehicles to store power for trans-
port use or to sell back to the grid when needed.

Smart technologies—including smart meters,
automated controls systems, and digital sensors—
will provide consumers with real-time pricing and
enable them to save money and power by setting
appliances, entire building heating and cooling sys-

tems, or industrial loads to shut off at specific
times or when electricity prices exceed a certain
level or there is a drop in generation from large
wind plants.They can help shift loads to low-
demand periods, when line losses are lowest and
the dirtiest, least efficient plants are not operat-
ing. And they allow grid controllers to anticipate
and instantly respond to troubles in the grid.
Pilot programs have demonstrated significant
consumer savings and demand reductions.

Full development of smart grids is 10–30
years away, depending on the policies enacted.
But many countries and regions are well on their
way. Pacific Gas and Electric in California, for
example, is in the process of installing 9 million
smart meters for its customers, while the
Netherlands aims for a “base level” of smart
metering and replacement of all 7 million house-
hold meters by autumn 2012.When starting
from scratch, smart grids are cheaper than con-
ventional systems, and they are helping to elec-
trify regions of sub-Saharan Africa for the first
time. The IEA has projected that more than $16
trillion will be spent in pursuit of smart grids
worldwide between 2003 and 2030. If consumers
are provided direct access to associated benefits,
KurtYeager projects that a smart grid will open
“the door to entrepreneurial innovation which
will transform electricity efficiency, reliability and
individual consumer service quality beyond even
our imagination today.”

Source: See endnote 16.

Box 4–1. Building a Smarter Grid

An Enduring Energy Future

STATE OF THE WORLD 2009

134 WWW.WORLDWATCH.ORG



An Enduring Energy Future

STATE OF THE WORLD 2009

WWW.WORLDWATCH.ORG 135

to produce one unit of energy in the form of
light from an incandescent bulb. Technology
available today and just over the horizon
can revolutionize such systems, dramatically
reducing inefficiencies and associated car-
bon emissions.19

Every country has large-scale domestic
sources of renewable energy. Africa has the
most in the world. An area covering less than
4 percent of the Sahara Desert, for example,
could produce an amount of solar electricity
equal to current global electricity demand.
The Middle East, India, China, Australia,
and the United States also have enormous
solar resources. China’s wind resources alone
could generate far more electricity than that
country currently uses, and in the United
States wind energy in just a few states could
meet total national electricity demand. Vast
resources of geothermal, biomass, and ocean
energy are also found throughout the world.20

Renewables currently provide nearly one
fifth of the world’s electricity. Although most
of this comes from large hydropower, the
share from other renewable sources is rising,
thanks to growth rates that rival those of
the computer and mobile phone industries.
In 2007, wind power represented 40 percent
of new capacity installations in Europe and
35 percent in the United States. Cumulative
installations of solar photovoltaics have
grown more than fivefold over the past five
years, albeit from a very small base. As
economies of scale improve and conven-
tional fuel costs rise, renewables are rapidly
becoming cost-competitive. Electricity from
wind is cheaper than that from natural gas in
many markets and might compete with coal
in China by 2015, if not sooner. Solar ther-
mal power now competes with gas peaking
plants in California and is close to being
economically feasible in China and India.
And experts project that PVs will be cost-
competitive without subsidies in much of

they feed back into it. Guaranteed access to
both the electric grid and the market—
through either feed-in tariffs (local genera-
tors are paid a set price for all the renewable
electricity they produce) or net metering
(they are paid, generally at the retail rate, for
any excess power sent into the grid)—is crit-
ical to the expansion of distributed energy
and renewables in general, enabling renew-
able energy not only to add energy supply
but also to replace existing fossil fuel sources
over time. While most locally generated
power will not make use of transmission
lines, it will use local distribution systems. An
issue still to be resolved is the level of pay-
ment for use of the distribution system for
the relatively small amount of electricity
from local distributed sources.17

Smarter Central Power with
Large-scale Renewables

Central electric generating stations will con-
tinue to be part of the electricity supply sys-
tem in order to take advantage of an energy
resource or to meet large industrial or urban
loads. According to the IPCC, installed gen-
erating capacity worldwide is now about 2
million MW; it is estimated that demand
growth and the need to replace existing plants
will require an additional 6 million MW by
2030—at a cost of $5.2 trillion.18

Today electricity generation accounts for
41 percent of global primary energy use—
meaning total energy use, from coal mine to
appliances or other “end uses”—and 44 per-
cent of CO2 emissions. Thermal power plants
typically convert only one third of the energy
in fuels to electricity; at least 5–10 percent of
that electricity is then lost in transmission,
distribution, and voltage adjustments. End-
use devices such as computers and appli-
ances are also especially inefficient, and it can
take 320 units of energy at a power station



the world within a decade.21

Despite such advances, skepticism
abounds: some observers claim that renew-
ables lack power density or are too far from
demand centers, that they cannot provide
baseload power—power available 24 hours a
day all year long, that they require 100 per-
cent backup, that they cannot meet more
than a small share of global power needs, or
that it will be many decades before they play
a significant role. Certainly, renewables face
significant challenges in achieving large pen-
etrations of the world’s electricity system over
the time frame required, but all of these hur-
dles are surmountable.

Large-scale renewable resources far from
population centers require new transmission
lines. Although this poses a challenge, it is
nothing new. The United States, Egypt, Brazil,
Canada, China, and Russia transmit power
from dams to cities hundreds of miles away,
and new lines were required to bring electricity
from large nuclear facilities and from coal
plants near mines. New transmission infra-
structure will be required for all forms of gen-
eration as capacity expands, and vulnerable,
ailing grids will need to be replaced.22

There will be opposition to new power
lines in many places, and minimizing the
environmental and social impacts will cer-
tainly require careful analysis. But innovative
technologies, such as high-voltage direct cur-
rent lines, offer the potential to transmit elec-
tricity reliably over enormous distances with
lower line losses. Extensive direct current
grids have already been erected to balance
wind power in Germany and Denmark with
hydropower from Norway, for example. Now
several European nations are considering a
massive grid to North Africa’s tremendous
solar resource of the Sahara.23

In the United States, studies have found
that adding new transmission to transport
wind energy from the Great Plains to popu-

lation centers would yield large net economic
savings for customers as the benefit of com-
petitive and stable long-term wind power
prices outweighs the costs of new transmis-
sion. And some of the best renewable
resources do not need to travel far. For exam-
ple, solar in the U.S. Southwest and wind and
ocean resources along coastlines offer many
large cities the potential to get clean energy
while reducing grid congestion and line losses
and improving system reliability.24

Renewable resources—including biomass,
geothermal, ocean thermal, and hydro-
power—can in fact provide large-scale base-
load power, and many already do. New
concentrating solar thermal plants in Spain
and under construction in the United States
can store heat for up to seven hours in molten
salts, enabling them to dispatch power on
demand and maximize production when it is
of greatest value, during hot summer after-
noons and early evenings. In coming decades,
ocean energy technologies under develop-
ment will offer power that is baseload or
highly predictable. Economical options are
being pursued to store wind and PV energy
and allow generation of high-value electric-
ity even when the wind is not blowing and the
sun is not shining.25

For more than a century, pumped hydro
and large hydroelectric reservoirs have pro-
vided storage for conventional power, enhanc-
ing grid stability and balancing demand and
supply. They now do the same for renew-
ables. Facilities that store compressed air in
underground caverns have operated for years
in Alabama in the United States and in
Huntorf, Germany, and are under develop-
ment elsewhere. Low-cost power is used to
compress air that can later increase the out-
put of natural gas turbines during peak
demand periods. Studies have found that
compressed air storage would allow wind
power to provide baseload power and that any
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cost-effective storage option could boost
wind’s share of the electricity system to more
than 80 percent. A diversity of rapidly advanc-
ing battery technologies offer great storage
potential, particularly in electric vehicles,
which could revolutionize how the world
produces and uses power and enable all
renewables to displace oil. And the value of
storage goes beyond renewables, enabling
better management of peak demand, pro-
viding a more stable grid and better power
quality, and in some cases reducing the need
for new transmission lines.26

Better storage has often been called renew-
able energy’s “Holy Grail.” But even without
storage, electric utilities are recognizing that
individual variable renewable sources like the
sun or wind—despite variations in availabil-
ity from moment to hour to season—can
provide as much as 20 percent of a system’s
electricity, and in some cases more, without
serious technical problems. So far no addi-
tional backup capacity has been required
because existing systems are designed to han-
dle variations in demand and outages of
power plants or transmission lines on a rou-
tine basis.27

The addition of new renewables changes
the degree—but not the kind—of variability
that utilities face in matching supply with
demand. The capacity to absorb large
amounts of renewable power is determined
primarily by regulatory and market barriers
rather than technical constraints. Variability
and uncertainty may increase operating costs,
but generally by modest amounts, and the
overall cost and risk reductions associated
with free fuel of most renewables can be sig-
nificant. It is also worth noting that there are
costs to integrating conventional power plants
into existing systems, but a lack of studies
makes cost comparisons impossible.28

Denmark generated 21 percent of its elec-
tricity with the wind in 2007, and occasion-

ally wind power meets more than 100 percent
of peak demand in parts of western Den-
mark. Four German states produced more
than 30 percent of their electricity with wind
power in 2007. In California, renewables
make up more than 30 percent of the port-
folios of some large utilities. Utilities have bal-
anced supply and demand through the
interconnection of grid systems over large
regions with a diversity of loads and resources,
use of hydropower as temporary storage, dis-
persal of renewable power plants over large
geographic areas, and solar and wind fore-
casting an hour or a day ahead. These “hybrid
grid” tools help utilities to regulate supply, but
there is also more they can do to control the
demand side—to reduce demand or shift it
away from time-insensitive uses.29

Through demand-side management pro-
grams, utilities help customers undertake
conservation, efficiency, or load shifting to
reduce demand or shift it to off-peak periods,
when electricity can be generated and trans-
mitted more efficiently, in order to avoid the
need for new power plants. Thanks to a Cal-
ifornian program that decoupled transmis-
sion utility revenue from sales in 1982, per
capita electricity use of the average Californ-
ian has remained nearly constant for 25 years
and is significantly less than that of the aver-
age American. Efficiency improvements
enable renewables to more rapidly play a
greater role.30

But unleashing the full potential of effi-
ciency and renewables will require a modern,
more reliable, intelligent grid at the distrib-
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In the United States, adding new
transmission to transport wind energy
from the Great Plains to population
centers would yield large net
economic savings for customers.



power company DONG is making conven-
tional power plants more flexible so they can
be turned down, or even off, when the wind
is blowing. “In the old times,” explains Chief
Executive Anders Eldrup, “wind power was
just something we layered on top of our reg-
ular production. In the future, wind will pro-
vide a big chunk of our baseload production.”32

A report by the German Aerospace Cen-
ter (DLR) projects that by 2030 renewables
could generate at least 40 percent of national
electricity in 13 of the 20 largest economies.
(See Figure 4–2.) Hydro, wind, and bio-
mass power will likely achieve the greatest
market shares in the near to medium term,
with geothermal and particularly solar power
playing greater roles in the longer term. By
2050, renewables could contribute at least 50
percent of national electric power in each of
the world’s large economies, and up to 90
percent in some countries. Some projections

ution level, where lower voltage power lines
transport electricity to (and increasingly from)
homes, offices, and other facilities. Smart
grid technologies, now being installed in
Africa, Asia, Europe, New Zealand, and the
United States, will be able to smoothly inte-
grate all types of central plants with renew-
ables, distributed generation, electric vehicles,
and electrical storage facilities while enhanc-
ing grid reliability. By controlling the flow of
electricity electronically, in real time, smart
technologies maximize the capacity of exist-
ing grid infrastructure and minimize the need
for backup and storage, enabling grids to
absorb unlimited renewable capacity.31

Implementation of smart, hybrid grid sys-
tems will require rethinking how the electric
industry works in much of the world, but
addressing climate change requires such a
transformation in any case. Some utilities are
already making this transition. The Danish
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Figure 4–2. Renewables’ Potential Share of Electricity Supply in 2030
in 20 Largest National Economies
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go even further—a U.S. study projects that
by 2050 solar power alone could provide 69
percent of the nation’s electricity, plus
enough power to fuel 344 million plug-in
hybrid vehicles.33

By tapping the potential of all renewables,
the world can move away from fossil fuels in
the next few decades, not only reducing the
threat of climate change but also creating a
more secure and far less polluting electricity
system. The Combined Power Plant, a pro-
ject linking 36 wind, solar, biomass, and
hydropower installations throughout Ger-
many, has already demonstrated that a com-
bination of renewable sources and
more-effective control can balance out short-
term fluctuations and provide reliable elec-
tricity with 100 percent renewable sources. In
a recent interview about the future of the
electric industry, S. David Freeman, a 50-
year veteran of the U.S. electric industry, said
“it still will take 25, 30 years to phase out the
existing coal-fired plants and have an all-
renewable world.” But, he concludes, “I’m a
utility executive that ran major utilities, and
I can tell you there is no reason why the elec-
tric-power industry can’t be all renewable.”34

Heating and Cooling
with Renewables

Renewable heating and cooling are too often
the neglected twins when it comes to cli-
mate change and energy policies. They
account for 40–50 percent of global energy
demand. A large share comes from fossil fuels
and is provided inefficiently by electricity or
direct combustion.35

As early as the Bronze Age, wood was
used to turn sand into glass, extract metals
from stone, and fuel furnaces to make bronze
and pottery. There is evidence that high-tem-
perature geothermal water was used to heat
buildings in ancient Pompeii, while Greeks

and Romans captured the sun’s warmth to do
the same job. Today renewable energy and
improved efficiency options exist to meet a
wide range of heating and cooling needs,
from residential and district heating and cool-
ing systems to industrial-scale refrigeration
and high-temperature heat. (See Table 4–1.)36

Among new renewables, solar heating ranks
second only to wind power for meeting world
energy demands. China leads the world in
the production and use of solar thermal sys-
tems, with an estimated 1 in 10 households
tapping the sun to heat water; Cyprus, Israel,
and Austria top the list for per person use. Solar
water heating is mainstream in Israel thanks to
a 1980s law requiring its use in new homes.
Hybrid solar hot water/photovoltaic systems
are now available to capture a large amount of
the heat absorbed by PVs, thereby cooling
them and increasing their efficiency while
simultaneously heating domestic water. One
of the first systems sits atop the roof of a cen-
tral building in Beijing’s Olympic Village.37

The majority of solar thermal systems in
use are for domestic water and space heating,
yet solar heating systems—including systems
similar to solar heaters for residential build-
ings and concentrating solar collectors—offer
enormous potential for meeting industrial
heat demand, particularly at low and medium
temperatures (up to 250 degrees Celsius).
By late 2007 about 90 solar thermal plants
provided process heat for a broad range of
industries, from chemical production to
desalination and the food and textile indus-
tries. Existing plants worldwide represent a
tiny fraction of the industrial heat potential
available in Europe alone.38

Across Europe, the United States, and
elsewhere, people are turning to efficient pel-
let stoves and in some cases using liquid bio-
fuels in boilers to meet heating needs.
Between 1980 and 2005, taxes on energy
and CO2 in Sweden drove a major shift from
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mark also rely heavily on biomass to heat
homes, farms, and district systems. Poland is
replacing coal with biomass for power and

fossil fuels to biomass for district heating,
reducing associated emissions to less than
one third their 1980 level. Austria and Den-

Technology Description Where Available or Possible

Absorption cooling

Bioheat

Combined heat and
power (cogeneration)

Concentrating solar
thermal

District heating
(or cooling)

Geothermal
high-temperature heat

Ground-source
heat pump

Passive solar heating

Passive cooling

Seawater or
lake cooling

Solar thermal
heat system

Table 4–1. Alternatives to Fossil Fuels for Heating and Cooling

Uses a heat source (such as the sun or
waste heat from combined heat and power
(CHP)) to cool air through an evaporative
process; small to large-scale

Heat derived from the combustion of bio-
mass, such as wood or pellets; residential
to large-scale

Use of a power plant to produce both heat
and electricity; residential to large-scale

Uses optical concentrators to focus the
sun to provide higher-temperature heat
and steam for industrial processes (and
thermal electricity production)

Distribution of heating (cooling) from a
central generating site, through a piped
network, to meet local residential and
commercial needs

Geothermal steam or hot water used for
district water and space heating, warming
greenhouses, aquaculture, spas and swim-
ming pools, industrial purposes (and ther-
mal electricity production)

Pump that makes use of ground-stored
solar heat or well water to provide space
and water heating/cooling; residential to
large-scale

Collects solar heat through appropriate
building orientation and window placement

Avoids excess heat absorption by designing
buildings to reduce passive solar gain, such
as avoiding glass and using passive ventilation

Harnesses constant coolness of deep water
to provide space cooling (and cold water)
to buildings through a piped network

Uses the sun’s heat to provide space and
water heating for buildings and low-
temperature heat and hot water for indus-
trial processes

Anywhere

Anywhere close to sustainable
wood or other biomass
resources

Anywhere

Needs clear skies as in Spain,
North Africa, parts of China and
India, or U.S. Southwest

Possible anywhere for use in
urban and campus settings with
multiple buildings

Regions of active or geologically
young volcanoes, including Iceland,
western North and South Amer-
ica, Philippines, Japan, East Africa

Anywhere

Anywhere heating is needed

Hot, particularly dry, regions

Requires proximity to cold water
resource (along deep rivers, lakes,
or coastlines)

Anywhere
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Lake Ontario provide district cooling to
Toronto in Canada; the system has the capac-
ity to cool more than 3.2 million square
meters of building space, avoiding 79,000
tons of CO2 annually. Many of the world’s
big cities are near large water bodies, which
they could tap for cooling. And as paradox-
ical as it might seem, solar energy can also
provide cooling via the oldest form of air
conditioning technology—absorption cool-
ing—with the same devices that provide
heat in the winter. While such systems are
still relatively costly, several are already in
operation, including a solar-driven cooling
system in Phitsanulok, Thailand.42

Economical heat storage over a wide range
of temperatures and time periods can signif-
icantly increase the potential of renewable
systems. Some storage options are already
available and cost-effective, particularly in
combination with large-scale district systems.
For example, surplus solar heat in summer can
be transferred to underground storage for
space and water heating in winter.43

According to the IEA, “solar water heating,
biomass for industrial and domestic heating,
deep geothermal heat and shallow geothermal
heat pumps are amongst the lowest cost
options for reducing both CO2 emissions and
fossil fuel dependency. In many circumstances
these technologies offer net savings as com-
pared to conventional heating systems in terms
of life-cycle costs.” And yet these renewable
sources and technologies currently meet only
2–3 percent of total demand.44

Attitudes have begun to change as fuel
prices rise and countries recognize the enor-
mous potential of renewables. To date, the
most successful countries have enacted com-
binations of policies to address the different
barriers facing renewable heating and cooling
technologies. These include lack of public
awareness, the need to train a work force
and educate city planners and architects about

heating needs. Biomass can directly replace
fossil fuels, and modern wood burners can
convert biomass to heat at efficiency rates of
up to 90 percent.39

Geothermal energy is used for everything
from space heating and cooling to warming
greenhouses and melting snow on roads and
bridges. In France, Iceland, New Zealand, the
Philippines, Turkey, the United States, and
other countries with high-temperature
resources, geothermal heat is used for elec-
tricity generation, district heat, and indus-
trial processes like pulp and paper production.
Ground-source heat pumps, which can be
used virtually anywhere, use the stored solar
energy of Earth or well water as a heat sink
in summer and heat source in winter. The
United States has the world’s largest heat
pump market, with up to 60,000 systems
installed annually.40

Because buildings generally require heat
as well as electricity, combined heat and
power units can be designed to supply both.
CHP plants generate electricity and capture
remaining heat energy for use in industries,
cities, or individual buildings. They convert
about 75–80 percent of fuel into useful
energy, with efficiencies exceeding 90 per-
cent for the most advanced plants. As a
result, even traditional fossil fuel CHP sys-
tems can reduce carbon emissions by at least
45 percent. These systems can also make
use of absorption chillers for space cooling
to lower electricity demand even further.
Residential-scale CHP units have been
widely available in Japan and Europe for
years and were recently introduced in the
United States.41

Seawater and lake source district cooling
systems have been developed for a range of
climates, from Kona in Hawaii to Stock-
holm in Sweden, and can save more than 85
percent of the energy required for conven-
tional air conditioning. The cold waters of



DLR in Germany projects that 12 of the
20 largest economies could meet at least
40 percent of their heating needs with
renewables by 2030, representing a signifi-
cant increase from current shares for most
countries. (See Figure 4–3.) By 2050,
renewables’ share in the majority of these
countries could exceed 60 percent, accord-
ing to DLR and REN21 estimates, with
renewables supplying at least 70 percent of
heating in some countries.47

Waste Not,Want Not
In the natural world, waste from one process
provides nutrients for another. Nothing is
wasted. The human world, however, functions
quite differently. For example, most of the
world’s power plants convert heat to mechan-
ical energy to electricity; in the process, about
two thirds of the primary energy fed into

integrating renewables, high upfront costs, the
“tenant-owner” dilemma (where building
owners and inhabitants are different people,
and the person who pays does not benefit),
and the need for scale.45

Cloudy Germany has one of the largest
solar thermal heat markets in the world thanks
to public awareness of the technology and
long-term government investment subsidies.
The German state of Baden Württemberg
now requires that all building plans for new
homes include renewable systems to meet at
least 20 percent of space and water heating
needs, and as of 1 January 2009 the German
federal government requires new buildings to
meet at least 15 percent of their heating
requirements with renewable sources. Since
2006 Spain has mandated solar systems for all
new or renovated buildings, and Hawaii will
require solar water heaters on all new homes
starting in 2010.46
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Figure 4–3. Renewables’ Potential Share of Heat Supply in 2030
in 20 Largest National Economies

0

25

50

75

100

Unit
ed

Kin
gd

om

Unit
ed

Sta
tes

An Enduring Energy Future

STATE OF THE WORLD 2009

142 WWW.WORLDWATCH.ORG



An Enduring Energy Future

STATE OF THE WORLD 2009

WWW.WORLDWATCH.ORG 143

useful steam. As a result, Mittal saves $23 mil-
lion and avoids 5 million tons of CO2 emis-
sions annually.51

In China, energy-intensive industries
account for almost half of energy use. Nearly
30 percent of large steel furnaces and most
cement manufacturers in this country do not
capture and reuse waste heat, so the savings
potential is enormous. Thus China has been
called the “Saudi Arabia of waste heat.” A
large Baosteel furnace uses waste heat to
generate 192,000 kilowatt-hours of elec-
tricity a day, enough to meet the needs of
more than 43,000 average Chinese. In east-
ern China, CHP plants are gradually replac-
ing individual kilns and boilers to heat
industrial parks and residential facilities clus-
tered with factories.52

Anaerobic digesters decompose organic
matter in the absence of oxygen to produce
biogas for cooking or transport fuel or to
generate electricity, as well as create high-
quality compost for fertilizer. Biodigesters, fed
primarily with animal manure, are widespread
throughout India, Nepal, China, and Viet
Nam and provide cheap fuel while reducing
pollution and diseases caused by untreated
waste. On a larger scale, dozens of munici-
palities in Sweden convert human sewage to
biogas for transport fuel; biogas is also avail-
able as vehicle fuel in Austria, France, Ger-
many, and Switzerland.53

Fats and waste oils can be converted into
renewable diesel and jet fuel, which can be
transported through existing pipelines. Any-
thing that contains carbon, oxygen, and hydro-
gen—including construction debris, waste
paper, plastic, wood, and lawn trimmings—can
be turned into some form of motor fuel today,
which has the added benefit of extending the
life of landfills. The challenge for many of
these technologies is obtaining the capital to
scale up and commercialize.54

While still in the early stages of develop-

these plants is released into the environment
as heat. In Europe, losses from power gen-
eration are so great that if they were cap-
tured and rerouted they could meet the
region’s heat demand through district heat-
ing. Heat is just one form of waste that could
be captured to dramatically increase useful
energy without burning more fossil fuels.48

A 2005 study by the U.S. Lawrence Berke-
ley National Laboratory examined 19 differ-
ent technologies at various scales that can
recover energy from waste heat, manure,
food industry waste, landfill gas, wastewater,
steam and gas pipeline pressure differentials,
fuel pipeline leakages and flaring, and numer-
ous other sources. In the United States alone
they offer the technical potential to prof-
itably generate almost 100,000 MW of elec-
trical capacity—enough to provide about 19
percent of the nation’s electricity in 2002—
in addition to useful heat or steam.49

Around the world, some of these “wastes”
are already being tapped. For example, com-
bined heat and power is used widely in much
of northern Europe, with Denmark, Fin-
land, and Russia leading in the shares of
national power production. Finland meets
about half of its heating needs with district
systems, mainly CHP plants. District Energy
in the U.S. city of Saint Paul, Minnesota, pro-
vides electricity, heating, and cooling to its
customers; 70 percent of its fuel is local
wood waste.50

The world’s petrochemical, glass, metal,
and other heavy industries offer enormous
potential for using waste heat through CHP
and through capturing and reusing “cascad-
ing” heat for lower temperature uses. Mittal
Steel, on the southern shore of Lake Michi-
gan in the United States, captures high-tem-
perature heat released from 250 ovens used
to produce coke for its blast furnace; this
heat energy, which was formerly vented,
today produces 93 MW of electricity plus
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and elsewhere prove otherwise, as described
in the next section.

Furthermore, large projects cannot pro-
duce any power until construction is com-
pleted, which can take a very long time.
Consider, for example, that a 1,000-
megawatt power facility takes approximately
10 years to complete. If all goes well and it
operates at full power in year 11, it will pro-
duce almost 8.8 million megawatt-hours of
electricity that year. Now consider starting
at the same time construction of a modular
unit that can produce one tenth as much
electricity per year as the single large unit but
that begins producing power at the end of
year one. This process is repeated each year
until 10 modular units have been built and
come online in each of 10 years. If each one
operates at full capacity, by the end of the
eleventh year the modular units will have
produced nearly five times as much power as
the large unit produces in its first year of
operation, and after that the two facilities will
produce the same amount annually.

There are demonstrated advantages to
modularity when it comes to scaling up pro-
duction, even with fossil fuels. Most of the
thermal electric power capacity introduced
over the past 10 years in North America has
been natural-gas-fired turbines for several
reasons: they have become exceedingly effi-
cient, their unit cost is low because of
economies of scale, and they can be pro-
duced quickly in modules of 50–100 MW and
installed within a year. Rapid installation
means a low cost of borrowing and a better
match and immediate production of power
upon installation. Incentives in the deregu-
lation process have also encouraged installa-
tion of these units.57

The magnitude of the evolution required
is vast, but it is achievable. In 2007 wind
power was the largest single source of new
capacity in Europe and second only to natural

ment, algae can convert as much as 80 per-
cent of the CO2 released from coal and nat-
ural-gas-fired power plants into biomass.
Algae can be used in power plants as fuel or
converted into bioethanol, biodiesel, or bio-
gas and provide high-protein feed for live-
stock and aquaculture. It can grow in
polluted or salt water, on nonarable land,
or at wastewater treatment facilities. It
requires far less water than most biofuel
crops, produces several times the biofuels
per hectare, and can be productive even in
desert regions. Harvesting and processing
algae is an energy-intensive process, but it
offers the potential to “burn carbon twice”—
providing additional energy for each unit of
CO2 emitted and an alternative to long-term
physical storage of carbon dioxide.55

Using energy more efficiently can reduce
emissions even further. For example, lighting
accounts for 19 percent of world electricity
consumption, yet technologies available
today, including compact fluorescent lamps
and light-emitting diodes, could halve elec-
tricity use for lighting. Realistically, it is fea-
sible to eliminate at least one third of global
electricity consumption for lighting simply by
changing lightbulbs—saving money and
avoiding about 450 million tons of CO2 in
the process. By reducing waste in the pro-
duction and use of energy, more energy ser-
vices can be provided with lower carbon
dioxide emissions.56

Scaling Up Renewables
Some analysts conclude that only very large
facilities such as nuclear power, large-scale
hydro, or large coal plants with carbon cap-
ture and storage can meet the world’s rapidly
growing energy needs. Renewable energy, it
is argued, is too small-scale and too dispersed
to make more than a modest contribution.
But experiences with renewables in Germany



the world in solar PV
production. China
could account for two
thirds of global pro-
duction by 2010. 59

Current growth
rates indicate that wind,
solar, and biomass
plants can be manufac-
tured at rates that are
comparable to large-
scale conventional
power projects. (See
Figure 4–4.) In
2002–07, photovoltaics
grew at an annual aver-
age rate exceeding 40
percent and wind’s
average growth rate
topped 24 percent.
Annual PV and wind
growth rates have

actually accelerated in recent years. If current
growth rates continue, tapping the wind will
generate more electricity than nuclear power
in 2020.60

Such massive undertakings have succeeded
in the past. The U.S. public works projects of
the Great Depression, the vast numbers of air-
planes and warships built for two world wars,
and the enormous number of automobiles
manufactured annually provide testimony to
possible rates of scaling up. It is a matter of
setting priorities and having the political will
to establish effective and long-term policies
that support a new energy economy. The
resources and capabilities exist. By one esti-
mate, if two thirds of U.S. truck production
were redirected to the production of wind tur-
bines, about 100,000 MW of wind capacity—
the cumulative total installed globally by early
2008—could be manufactured annually in
the United States alone.61

Of course, energy will be required to move

gas in the United States. Globally, even new
solar photovoltaic capacity exceeded that of
newly installed nuclear power capacity that
year. And renewable technologies continue to
advance—for example, a new PV technology
introduced in 2007 bypasses silicon as a base
material, could lower costs by 75 percent,
and allows for increased rates of production.58

More countries are also joining the transi-
tion, promising to push growth rates even
higher for the manufacture of and demand for
renewables. Indian wind turbine manufactur-
ers are acquiring European and North Amer-
ican suppliers and markets and are now among
the top global producers and installers of wind
turbines. China was barely in the wind busi-
ness in 2004 but ranked third after the United
States and Spain for new installations in 2007.
Similarly, in 2003, China manufactured 9
MW of PV cells—1 percent of the global total.
But by 2007, by some estimates, Chinese
companies passed Japan and Europe to lead
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away from fossil fuels. This is one reason to
use the natural capital stock turnover time to
replace older plants when they reach the end
of their useful lives. (See Box 4–2.) When
existing infrastructure is replaced, as much of
the energy embodied in the concrete and
steel as possible should be recovered through
material recycling.62

Building massive numbers of new wind,
solar, geothermal, and biomass plants and
other renewable systems will also require
large amounts of energy. But the energy pay-
back periods for renewables are declining as
efficiencies increase. They are already relatively
short—three to eight months (depending on
wind speed) for a wind turbine and one to five
years for today’s solar PV panels (depending
on cell type and location), which have a life-
time of close to 30 years. And once most
renewable technologies are built, no further
energy is required to extract and transport
fuels for them to operate.63

Almost all energy-using and energy-producing
technologies have natural cycles of capital stock
turnover, ranging from 3–4 years for computers
to 10–20 years for vehicles and 50–150 years for
buildings. Power plants, in contrast, get life exten-
sions. Components degrade at different rates,
and if there is no required maximum lifetime
they are replaced as needed. Some components
could be 40 years old and others two months
old, providing a disincentive for utilities to ever
retire their plants.

In the United States, power plants con-
structed before a specific year are exempt from
air quality standards unless they are “substantially
upgraded.” Utilities therefore hold on to old inef-
ficient power plants, retrofitting the minimum
required to keep plants operating for as long as
possible. As a result, the average efficiency of U.S.
coal-burning power plants is only 33 percent and
the median age is over 40 years. A similar situa-

tion faces heavy coal-producing and coal-
consuming countries like China, India, Indonesia,
Australia, and Russia.

Economies that successfully reduce their
electricity use will have a comparatively easy
time retiring older, less efficient, high-emissions
plants as demand falls. Those with stable demand
must decide which plants to shut down as they
wear out or become obsolete and which tech-
nologies will replace them. Rapidly expanding
economies with a lot of new capacity might not
replace plants for some time, but they must make
decisions about future additions. To avoid getting
locked further into carbon-intensive fuels, low-
carbon plants—distributed or central renewable
power capacity—should be installed as new
capacity is needed.To accelerate the closing of
older plants everywhere, governments must set
phaseout dates and provide incentives.

Source: See endnote 62.

Box 4–2. Replacing Old Power Plants
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Finally, the dramatic improvement in
energy efficiency and the matching of sup-
ply to demand that is both required and
possible today means that the replacement of
existing power generators with smaller units
capable of delivering comparable energy ser-
vices with less energy should accelerate in
coming years.

Kicking the Habit
Shifting to a sustainable energy system based
on efficiency and renewable energy requires
replacing an entire complex system. Can such
a transformation be accomplished in time to
avoid the worst consequences of climate
change? Several communities and countries
provide hope that it can. Some of the most
rapid transitions have taken place at the local
level, as seen in Güssing. Many cities are
devising innovative means to finance renew-
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has a thousand times as many inhabitants as
Iceland does and uses more than one fifth of
the world’s energy.66

Imagine that it is 2030 and that all new
buildings in the United States are zero-car-
bon, the current goal of the American Insti-
tute of Architects. A large share of existing
buildings have been retrofitted with better
insulation, windows, and doors. And all build-
ings use the most efficient lighting and appli-
ances available. As the Passivhaus Institute
projects and other highly efficient buildings
already demonstrate, the remaining modest
energy supplies for many buildings can be
produced on site with renewables or highly
efficient systems. Further, industries can dra-
matically reduce their energy use by elimi-
nating waste and cascading heat from one
step to the next, generating more useful
energy with the same amount of fuel. By
2030, the resulting energy and economic
savings are enormous, and thousands of new
local jobs have been created.67

Most buildings and factories are still con-
nected through the electric grid, but a mod-
ern, smarter, more reliable grid allows utilities
to balance the two-way flow of electricity
supply and demand in real time. The smart
grid in combination with distributed power
production and storage—including electric
vehicles that charge when the sun shines on
PV-covered homes or parking lots, or at night
when the wind is blowing—allows even vari-
able renewables to generate a large share of
U.S. electricity.

According to a 2008 report by the U.S.
Department of Energy, by 2030 the wind
could provide 20 percent of U.S. electricity
(assuming that U.S. electricity demand
increases 39 percent by then). As a result, the
nation’s CO2 and other emissions would be
significantly lower than they would other-
wise be. Tens of thousands of new jobs would
be created and rural economies would flour-

ables and expand markets. And several coun-
tries are demonstrating that transformation
can happen quickly even on a national scale.

In the early 1990s Germany had virtually
no renewable energy industry and seemed
unlikely ever to be in the forefront of these
technologies. Yet within a decade this nation
had become a world leader, despite the fact
that its renewable resources are a fraction of
those available in many other countries. In
2000, just over 6.3 percent of Germany’s
electricity came from renewable sources. Only
six years later, this industrial power—the
world’s leading exporter—generated more
than 14 percent of its electricity with renew-
ables, well ahead of official targets for 2010.
The fast pace of growth and associated ben-
efits—from new jobs and industries to an
improved environment—led the government
to set more ambitious targets in 2007. Ger-
many now aims for renewables to generate 30
percent of the country’s electricity by 2020
and 45 percent by 2030, meaning renew-
ables will become the largest power source
within the next decade.64

Germany’s experience provides proof that,
with a clear sense of direction and effective
policies, rapid change is possible. And Ger-
many is not alone. Denmark’s economy has
grown 75 percent since 1980, while the share
of energy from renewables increased from 3
percent to 17 percent by mid-2008. The
Danes aim to get 20 percent of their total
energy from renewable sources by 2011 and
30 percent by 2030. Costa Rica, Iceland,
New Zealand, Norway, and Sweden aim to be
carbon-neutral in a matter of decades, relying
heavily on efficiency and renewable energy.65

What might a low-carbon or even a car-
bon-free energy future look like? And how
might countries with far larger populations
than New Zealand or Iceland, or that use
much more energy than Germany, make this
transition? The United States, for example,
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erated. Success stories must be scaled up,
and strategies must be shared across national
boundaries. It is important to realize that
countries are at different points in their devel-
opment trajectory and must tailor their
approaches to their particular resources and
customize technologies to meet specific needs.
At the same time, there are several key regu-
latory and policy changes that, if implemented
broadly worldwide, could put humanity on
course to steer clear of the worst impacts of
climate change.

Putting a price on carbon that increases
over time is a critical first step. To encourage
an effective transition, most of the revenue
generated in the near term can be redirected
to help individuals and businesses adjust to
higher prices while adopting and advancing the
needed technologies. In the 1990s, Denmark
began taxing industry for the carbon it emit-
ted and subsidizing environmental innova-
tion with the tax revenues. At the same time,
the government made significant investments
in renewable energy. The tax gave industry a
reason to stop using carbon-intensive fuel,
and advances in renewables provided a viable
alternative. By 2005, per capita CO2 emis-
sions in Denmark were almost 15 percent
below 1990 levels. But the global price per ton
of carbon will have to rise considerably before
needed changes and investments come about
worldwide, and institutional and regulatory
barriers must be overcome with policies that
drive the required revolution.71

Policies that begin to wring out energy
waste and increase efficiency will be critical
for reducing demand growth. A combination
of financial incentives, such as low-cost loans
and tax benefits to purchase renewable and
energy-saving technologies, plus continu-
ously tightening efficiency standards for
lighting and appliances, is needed. Regula-
tory barriers to the introduction of distrib-
uted energy and CHP generation must be

ish as wind farms provided new sources of
income for landowners and tax revenue for
local communities. If fossil fuel prices remain
stable over this period (an unlikely assump-
tion), a 20-percent wind portfolio would cost
less than an additional 0.06¢ per kilowatt-
hour by 2030, or about 50¢ a month for the
average household.68

Rigorous studies have not yet been carried
out for other renewable technologies, but
the potential for increasing energy generation
with a hybrid electric power generation sys-
tem that includes wind, solar, biomass, geo-
thermal, small- and large-scale hydropower,
and eventually ocean energy is enormous. A
2007 study concluded that efficiency in con-
cert with renewable energy could reduce U.S.
carbon emissions 33–44 percent below cur-
rent levels by 2030. Efficiency improvements
could achieve 57 percent of the needed reduc-
tions; renewables could provide the rest while
generating about half of U.S. electricity. And
the study did not consider electricity storage
or highly efficient transmission lines for trans-
porting electricity long distances, nor did it
include ocean energy or renewable heating.69

The United States is rich in renewable
resources. But many other nations are as well,
and each country on Earth has a diversity of
renewable energy sources to draw on. Some
of the fastest-growing economies have some
of the best resources—for example, China,
India, and Brazil have vast solar, wind, bio-
mass, and other renewable resources.70

For the world to avoid catastrophic climate
change and an insecure economic future, the
transition already under way must be accel-

One of the most important steps
governments can take to address
climate change is to eliminate subsidies
for conventional fuels and technologies.
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change. Under the German feed-in tariff,
priority grid access combined with a guaran-
teed market and long-term minimum pay-
ments for renewable power have reduced
investment risks, making it profitable to invest
in renewable technologies and easier to obtain
financing. The policy has created nearly
300,000 jobs, strong and broad public sup-
port for renewable energy, robust new indus-
tries, and significant reductions in CO2
emissions—all for the cost of a loaf of bread
a month for the average German household.
In 2007, emissions trading reduced the coun-
try’s emissions by an estimated 9 million
tons; the feed law avoided approximately 79
million tons of CO2 emissions and is consid-
ered Germany’s primary climate protection
policy. Several studies have determined that
feed-in laws are the most effective and eco-
nomically efficient policy option for advanc-
ing renewable electricity generation.
Following Germany’s lead, more than 40
other countries, states, and provinces have
adopted variations of this law.74

Although feed laws and other policies that
encourage private investment in research and
development (R&D) can play a critical role in
technology advancement, public R&D fund-
ing is also important. According to the Inter-
national Energy Agency, R&D funding for
low-emission technologies including energy
efficiency and renewables declined 50 per-
cent between 1980 and 2004. And these tech-
nologies continue to receive a relatively small
share of R&D funds. Between 2002 and 2007
in the United States, for example, R&D
expenditures on energy technologies totaled
$11.5 billion, but only 12 percent was directed
to all renewable technologies. The vast major-
ity went to nuclear power and fossil fuels.75

One of the most important steps govern-
ments can take to improve energy markets
and address climate change is to eliminate
subsidies for conventional fuels and tech-

removed, and codes to improve building
performance and to use more renewable
space conditioning and daylighting must be
introduced. Establishing an energy rating
system for all buildings at the time of sale, as
some European countries have done, would
encourage continuous upgrading of exist-
ing structures. Training architects, con-
struction tradespeople, and inspectors is
essential for designing and constructing
more-efficient buildings. Efficiency improve-
ments will reduce energy use and provide life-
cycle economic savings as well.72

Regulatory systems must foster innova-
tion and motivate vested interests to speed the
transition rather than fighting to maintain
the status quo. Governments must make it
more profitable for electric utilities to invest
in renewable energy and efficiency than it is
to build new fossil fuel plants or even continue
operating old ones. Within the next decade,
many power plants in industrial countries
will reach the end of their technical lifetimes,
and it will be critical to ensure than they are
replaced with renewable options. Some coun-
tries are starting to phase out subsidies for coal
or even its use—for example, the province of
Ontario in Canada plans to stop burning coal
by 2014—but others have big plans to build
new coal plants. It will be critical to minimize
their numbers and to enact policies that
encourage industrial and rapidly developing
countries to blaze new development paths.
And governments must work with utilities to
upgrade the electric grid so it can use a mul-
tiplicity of technologies, both distributed and
centralized, and take advantage of active
demand management through information
technology. Otherwise it will not be possible
to take full advantage of renewable energy
sources or many energy efficiency measures.73

As Germany’s experience demonstrates,
policies that create markets for renewable
technologies can drive dramatic and rapid



nologies. According to the U.N. Environ-
ment Programme, global energy subsidies
now approach $400 billion annually, with
the vast majority going to fossil fuels. Elim-
inating fossil fuel subsidies could reduce
global CO2 emissions at least 6 percent
between 2000 and 2010 while giving a small
boost to the global economy. Recent analy-
sis shows that 96 percent of the annual rise
in energy use is occurring in developing
countries that subsidize the price of energy
at well below world market prices.76

Just as the transition to renewables and
more efficient energy use has transformed
Güssing and other towns, reforming the global
energy economy will lead to major changes in
national economies and societies. Renewable
energy and efficiency improvements provide
energy with little to no pollutants, ensuring
that air and water will be cleaner, ecosystems
stronger, and future generations healthier.
They create jobs—today, by conservative esti-
mates, about 2.3 million people worldwide
work directly in renewable technology fields
or indirectly in supplier industries. And some
of the best renewable resources are in some of
the poorest regions of the world. In June
2004, at a major conference on renewable
energy in Bonn, Germany, government dele-
gates from several African nations claimed
that their countries could not develop with-
out renewable energy. Renewable resources are
readily available, reliable, and secure, and no
battles will ever be waged over access to the
wind or sun. As fossil fuel prices continue to
rise, renewable energy prices will fall while
technologies continue to advance and
economies of scale increase.77

The dramatic and rapid changes needed to
create this new energy economy appear daunt-
ing, but remember that the world under-

went an energy revolution of comparable
scale a century ago. Soon after Thomas Edi-
son improved the electric lamp, skeptics crit-
icized it with comments like this from the
President of Stevens Institute: “Everyone
acquainted with the subject will recognize it
as a conspicuous failure.” In 1907, only 8 per-
cent of U.S. homes had electricity. Henry
Ford had produced about 3,000 vehicles in
his four-year-old factory, and the mass-pro-
duced Model T wasn’t introduced until 1908.
Few of those who supplied town gas for light-
ing or who met the needs of the extensive
market for horse-drawn carriages felt threat-
ened by impending change. Who could have
imagined that by the mid-twentieth century
virtually every American home—and millions
of others around the world—would have
electricity and lighting, that the automobile
would redefine American lifestyles, and that
the economy would be fundamentally trans-
formed as a result?78

Fast forward to 2009. Non-hydro renew-
ables generate less than 4 percent of the
world’s electricity and only a small percent-
age of its heating and cooling. We are only
beginning to construct zero-carbon build-
ings, and plug-in hybrid vehicles and high-
performance electric cars are just making
their debut. Yet who can imagine how the
mid-twenty-first century global economy will
be transformed by more-efficient use of
energy and cost-effective renewable energy
sources, and how much they will limit the
release of greenhouse gases into the atmos-
phere? We have a once-in-a-century oppor-
tunity to make a transformation from an
unsustainable economy fueled by poorly dis-
tributed fossil fuels to an enduring and secure
economy that runs on renewable energy that
lasts forever.79

150 WWW.WORLDWATCH.ORG

STATE OF THE WORLD 2009

An Enduring Energy Future



WWW.WORLDWATCH.ORG 151

Climate change is going to present society
with a variety of new challenges. Individuals,
households, and communities around the
world—but particularly in low- and middle-
income nations—will all be affected in the
coming years and decades. Changes in mean
temperature are going to affect food pro-
duction and water availability, changes in
mean sea level will increase coastal inundation,
and more-frequent and more-intense extreme
events will result in more damage and loss of
life from floods and storms. On top of this,
rising temperatures can increase the burden
of malnutrition, diarrheal illnesses, car-
diorespiratory diseases, and infections. These
challenges are felt particularly strongly in
some of the poorest regions of the world. As
Mama Fatuma, a butcher and long-term res-
ident of Njoro Division in Kenya, puts it:
“These days we do not know what is hap-
pening. Either there is too much rain or none

at all. This is not useful to us. When there is
too much rain, the floods that result cause us
harm. When there is not enough rain, the dry
conditions do us harm.”1

What can be done to reduce the vulnera-
bility of individuals, communities, and coun-
tries to the threats of climate change? Farmers
in Njoro Division have come up with a wide
array of adaptive strategies. They are switch-
ing from wheat and potatoes to quick-matur-
ing crops such as beans and maize, and they
are planting any time it rains because there is
no longer a clear growing season. Their
actions have been supported by community
groups that have built rain-harvesting tanks
and set up savings clubs, while local govern-
ment agencies have bolstered local resilience
by recommending new species and new cul-
tivation techniques to cope with changes in
the climate.

A large proportion of the world’s popula-
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tion is vulnerable to changes like those facing
farmers in Kenya, but the risks are not dis-
tributed evenly. This reflects profound global
inequalities: the countries that have profited
from high levels of greenhouse gas (GHG)
emissions are the ones that will be least
affected by climate change, while countries
that have made only minimal contributions to
the problem will be among the most affected.
The uneven distribution of climate change risk
mirrors the existing uneven distribution of
natural disaster risk—in 2007, Asia was the
region hardest hit and most affected by nat-
ural disasters, accounting for 37 percent of
reported disasters and 90 percent of all the
reported victims. Human-induced climate
change is likely to have the heaviest impact on
small island developing states, the poorest
countries in the world, and African nations.
Taken together, these countries form a group
of 100 nations, collectively housing more
than a billion people but with carbon dioxide
emissions (excluding South Africa’s) account-
ing for only 3.2 percent of the global total.2

Adaptation and resilience not only can
reduce the risks from climate change, they can
also improve living conditions and meet
broader development objectives around the
world. This requires a recognition of the
many ways in which experiences of vulnera-
bility and resilience differ: between coun-
tries; between children, women, and men;
and across class and caste within the same
society. It requires accepting the importance
of the interactions between human and nat-
ural systems and realizing that resilient social
systems and resilient natural systems—
although not the same thing—do exhibit a
high degree of co-dependence. It also requires
institutional transformations at a variety of
scales: local organizations, local governments,
national governments, and international orga-
nizations all need to become climate-resilient
themselves and to work toward creating the

frameworks within which individuals, house-
holds, communities, and nations can deal
with the challenges of climate change.

Vulnerability, Adaptation,
and Resilience

Vulnerability, adaptation, and resilience are
all deceptively simple concepts with widely
varying meanings. Vulnerability is the basic
condition that makes adaptation and
resilience necessary. In reference to climate
change, it is a measure of the degree to which
a human or natural system is unable to cope
with adverse effects, including changing vari-
ability and extremes. It can be seen as an
outcome of the seriousness of the stress and
the ability of a system to respond to it. Adap-
tation is a related concept that refers specif-
ically to the adjustments made in natural or
human systems in response to actual or
expected threats.3

Both vulnerability and adaptation are
unevenly distributed, and in many cases it is
the most vulnerable individuals and commu-
nities who are least able to adapt. As the
Intergovernmental Panel on Climate Change
(IPCC) concludes, “the technical, financial
and institutional capacity, and the actual plan-
ning and implementation of effective adap-
tation, is currently quite limited in many
regions.” When properly implemented, how-
ever, adaptation strategies can help limit the
loss of life and livelihoods from changes in
mean temperatures and the more-frequent
and intense extreme climatic events associated
with climate change.4

The types and scales of adaptation activi-
ties are extremely varied (see Table 5–1), and
particular strategies will depend on the nature
and context of climatic vulnerability. For
example, Cavite City in the Philippines is on
a peninsula surrounded by three bodies of
water, with about half its population on the
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coast. Cavite experiences on average two
tropical cyclones every year, and the city is also
affected by drought and sea level rise, all of
which are predicted to be greatly exacerbated
by climate change. Currently 10 percent of
the population is vulnerable to sea level rise,
but a one-meter increase would put around
two thirds of the population at risk. People
have responded through various adaptation
strategies, including building houses on stilts,
strengthening or reinforcing the physical
structure of houses, moving to safer places
during extreme weather events, placing sand-
bags along the shorelines, and taking up alter-
native income-generating activities locally or
in other areas.5

Whereas vulnerability is a particular state

and adaptation is a set of activities
in response to it, resilience is a
less distinct concept. In engi-
neering it means the ability of a
material to return to its original
state after being subjected to a
force; in ecology it often means
the time taken for a system to
return to a state of equilibrium.
Both of these meanings have been
applied to human systems, in an
analysis that focuses on the ability
of individuals, households, and
nations to return to “normal”
after disrupting events. The legacy
of these definitions can be seen in
the Fourth Assessment Report of
the IPCC, which defines resilience
as “the ability of a social or eco-
logical system to absorb distur-
bances while retaining the same
basic structure and ways of func-
tioning, the capacity for self-orga-
nization, and the capacity to adapt
to stress and change.”6

But is resilience of this type
really desirable? Is it acceptable

to return to the “same basic structure” in
which some 1 billion people live on less than
$1 per day, in which there are 350–500 mil-
lion cases of malaria each year, and in which
around half of the people living in African and
Asian cities lack adequate water and sanitation
facilities? With this in mind, perhaps it is
more appropriate to consider resilience as a
process, a way of functioning, that enables not
only coping with added shocks and stresses
but also addressing the myriad challenges
that constrain lives and livelihoods and facil-
itating more general improvements to the
quality of human lives. Resilience as a process
therefore needs to take into account the eco-
nomic, social, psychological, physical, and
environmental factors that are necessary for
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Sector Adaptation Strategies

Water Expanded rainwater harvesting
Water storage and conservation techniques
Desalination
Increased irrigation efficiency

Agriculture Adjustment of planting dates and crop variety
Crop relocation
Improved land management (such as erosion
control and soil protection through tree planting)

Infrastructure Relocation
and settlement Improved seawalls and storm surge barriers

Creation of wetlands as buffer against sea level
rise and flooding

Human health Improved climate-sensitive disease surveillance
and control
Improved water supply and sanitation services

Tourism Diversification of tourism attractions and revenues

Transport Realignment and relocation of transportation
routes
Improved standards and planning for infrastruc-
ture to cope with warming and damage

Energy Strengthening of infrastructure
Improved energy efficiency
Increased use of renewable resources

Table 5–1. Examples of PlannedAdaptation
for Different Sectors



Building Resilience

STATE OF THE WORLD 2009

154 WWW.WORLDWATCH.ORG

human, natural, financial, social, and physical
capital. Resistance and resilience are shaped
by a person’s access to rights, resources, and
assets. Mobilizing these assets, however,
requires local institutions and national and
international systems of governance to pro-
vide the framework within which they can
function. All these disparate elements—the
ecological, the individual, and the institu-
tional—need to come together in a mutually
reinforcing manner to help individuals, house-
holds, and communities cope with change,
including climate change.8

A recent adaptation program in five villages
in Kabilas VDC in the Chitwan district of
Nepal run by the nongovernmental organi-
zation (NGO) Practical Action demonstrates
well the necessary links between assets, com-
munities, and institutions in building
resilience. The main activities focused on
improving access to resources and assets,
which involved small livestock distribution,
vegetable farm demonstrations, kitchen gar-
dening and organic farming, seed and fruit
sapling distribution, and sloping agricultural
land technologies. A subsequent evaluation
suggests that the project had a positive influ-
ence on food production and income gener-
ation: vegetable production increased in the
project area threefold, and farmers are able to
sell surplus vegetables. Some 10 percent of
farmers now grow vegetables on a small-scale
commercial basis, compared with none prior
to the project.9

The project was linked to local government
structures through representatives of each
project community being members of a
broader Climate Change Impacts and Disas-
ter Management group, which was registered
with the District Administration Office. This
group was responsible for coordination and
implementation of the project in different
villages, encouraging local institutional sup-
port for the scaling up of project benefits for

humans to survive and thrive.7
Many aspects of resilience are closely asso-

ciated with a holistic approach to develop-
ment. Individuals who have access to
adequate food, clean water, health care, and
education will inevitably be better prepared
to deal with a variety of shocks and stresses—
including those arising from climate change.
Communities and cities that are served by
appropriate infrastructure—particularly water,
sanitation, and drainage—will also be more
resilient to these shocks. Indeed, one of the
most significant reasons poor people in devel-
oping countries are more at risk from cli-
mate change is because they are inadequately
served by the day-to-day services that are
taken for granted in more-affluent locations.

Resilience of this kind requires a variety of
components, all of which must be present to
different extents, but some of which are
more pertinent to human systems or to eco-
logical systems. An overriding component is
appropriate human-natural relations: human
systems that do not exceed the capacities of
the natural systems in which they are located,
and natural systems that are not unduly
threatened by human activities. Both human
and natural systems require a capacity for
self-organization in order to deal with
threats, and diversity is a key element for
both types of system too. As shocks and
stresses create changes from the norm, a
capacity for learning (to deal with novel
threats) and innovation (coming up with
new solutions) are also important.

At a practical level, people rely on a vari-
ety of assets and entitlements to support
themselves in difficult times, including

Resistance and resilience are
shaped by a person’s access to
rights, resources, and assets.
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ploitation of resources). If global mean sur-
face temperatures increase by more than 2–3
degrees Celsius, an estimated 20–30 percent
of plant and animal species will be at increas-
ingly high risks of extinction; substantial
changes in the structure and function of ter-
restrial ecosystems are also expected.12

The resilience of ecosystems to climate
change depends in large part on the stresses,
human and otherwise, that are already being
faced. Natural systems will be better able to
adapt if other stresses are minimized. For
example, chronic overfishing, blast fishing
techniques, and the pollution of water around
coral reefs in South Asia have made them
more vulnerable to cyclones and warmer sea
temperatures. In this sense, social resilience to
climate change may sometimes be at odds
with ecological resilience: human adaptive
strategies for socioeconomic development
may increase pressure on marine and terres-
trial ecosystems through changes in land
management practices, shifts in cultivation
and livestock production, and changes in irri-
gation patterns. In addition, more resilient
and developed communities may have a
greater capacity to exploit natural resources
to support their adaptive strategies.13

Attempting to address ecological resilience
from this standpoint might encourage a return
to protectionist approaches to conservation in
an attempt to minimize the impacts of people
on nature. But that could actually decrease
social resilience where people are forced away
from certain ecosystem services, which may in
turn put greater pressure on alternative nat-
ural resources that had previously been man-
aged sustainably. Further, such an approach to
building ecological resilience overlooks the
close relationship between environmental and
social vulnerability to climate change and fails
to acknowledge the notion of resilience as a
process rather than a return to a “stable”
state. First, climate change is bringing new

replication in other communities. The success
of the project was ultimately limited, however,
by a lack of access to national financial mar-
kets. And there was a lack of support for
marketing the surplus agricultural products
generated by the project. As a result, people
have complained that they have been unable
to receive reasonable enough prices for their
produce to affect their incomes significantly.10

Linking Ecological and
Social Resilience

There are many linkages between social and
ecological resilience. Human livelihoods and
settlements rely on the resources and ser-
vices provided by natural systems, whether
located nearby or far away—a concept often
referred to as the “ecological footprint.” In
the face of environmental changes, the
resilience of communities that rely heavily
on particular ecosystems will in part be deter-
mined by the capacity of those ecosystems to
buffer against, recover from, and adapt to
these changes and continue to provide the
ecosystem services essential for human liveli-
hoods and societal development. In turn,
ecological resilience is influenced by the sus-
tainability of the human behavior that has
any impact on the environment: an ecosystem
is more resilient when resources are used sus-
tainably and its capacity is not exceeded.11

Climate is one of the most important fac-
tors influencing habitats and ecosystems and
the abundance, distribution, and behavior of
species. Climate change therefore carries
severe implications for the sustainability of the
world’s ecosystems, and these impacts are
already beginning to show. The ability of
many ecosystems to adapt naturally is likely to
be exceeded during this century by an
unprecedented combination of change in cli-
mate and other global changes (including
land use changes, pollution, and overex-



pressures to ecosystems, so attempting to
“restore” ecosystems in the context of a
changing climate is inappropriate. For exam-
ple, the notion of “invasive species” may
become redundant as many species expand
and retreat in reaction to changing climate pat-
terns. Second, approaches to building eco-
logical resilience must also focus on the
socioeconomic development of the commu-
nities dependent on the ecosystem.

The close association between people and
the environment is perhaps most apparent
in poor rural societies in low-income countries
that rely directly on ecological systems for
environmental goods and services. Socio-
economic development can reduce depen-
dence on single ecosystems by paving the
way for diversification of livelihood activi-
ties, while reliance on a narrow range of
resources can lead to social and economic
stresses on livelihood systems, thereby con-
straining development. This is not a fixed
relationship, however. Many people living in
rural areas use diverse approaches to meet
their basic needs, although these often rely
strongly on land-based resources. At the same
time, mono-crop agriculture often allows
large landowners to become wealthy on the
basis of a reliance on a single activity. This
highlights an important point: the strength of
association between ecological and social
resilience is closely tied to the development
context and is mediated by a variety of other
factors, including wealth, ownership of land
and the means of production, and social net-
works. In situations where human activity
has such direct implications for ecosystem
resilience, and where the type and level of
these human activities are determined by the
resilience of the ecosystem and the wider
institutional context, integrated approaches to
building resilience are essential.

This social resilience-ecological resilience-
development nexus is evident in the coastal

fishing communities in the Straits of Malacca
in peninsular Malaysia. Following the
Nagasaki Spirit oil spill in 1992, a study in
Kuala Teriang, Malaysia, found that only 4
percent of individuals from non-fishing house-
holds reported any disruption in their activ-
ities or other impacts, including the ability to
obtain fish for meals. In contrast, losses due
to the oil spill were reported by 90 percent of
fishers’ households. The concentration of
impacts in these households demonstrates
the fishers’ particularly high vulnerability, in
part because their livelihood was tied to
coastal resources. The resilience of the com-
munities to the oil spill therefore depended
both directly on ecosystem resilience (the
ability of the coastal ecosystem to buffer
against and recover from the impacts of the
oil spill) and on the alternative livelihood
options open to the fishers as the ecosystem
regenerated. In turn, the resilience of the
ecosystem was related to the extent to which
social systems continued to exploit it in times
of stress.14

So although building ecological resilience
will certainly contribute to social resilience in
resource-dependent communities, it is not
enough. The institutional factors that tie a
society to dependence on a narrow range of
ecosystems must also be addressed. Adapta-
tion strategies that focus on either social or
ecosystem resilience must take into account
the tight interactions between them—and
then aim to address both. This requires a
holistic approach that addresses the institu-
tional barriers to sustainable development
and livelihood diversification, as well as sound
and participatory natural resource manage-
ment strategies.

When considering how to build resilience
in the face of climate change, therefore, it is
necessary to consider not only the direct
impacts of a changing climate on the envi-
ronment but also the implications this has for
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social resilience, the feedbacks on ecological
vulnerability it may entail, and the wider
institutional mechanisms that can enable this
cycle to be broken. Building ecological
resilience is essential, although not sufficient,
for achieving social resilience. But achieving
social resilience through sustainable devel-
opment is essential for reducing pressures
on ecosystems so they can adapt in the face
of climate change.

Building Rural Livelihoods
That Are More Resilient

As climate change has an impact on ecosys-
tems, the livelihoods and well-being of those
reliant on the functioning of those systems is
clearly threatened. This vulnerability is par-
ticularly worrying because 75 percent of the
1.2 billion people who survive on less than $1
per day live and work in rural areas of devel-
oping countries. They lack the institutional
and financial capacity to cope with the impacts
of climate change, and they already suffer
problems associated with subsistence pro-
duction, such as isolated location, small farm
size, informal land tenure, low levels of tech-
nology, and narrow employment options, in
addition to unpredictable and uneven expo-
sure to world markets.15

Rural households engaged in subsistence
and smallholder agriculture in developing
countries have been identified as one of the
groups most sensitive to the impacts of climate
change because of their high dependence on
a climate-sensitive sector within ecologically
fragile zones. It is impossible to forecast the
impacts on rural households accurately, as
livelihood systems are small, complex, diverse,
and context-specific and involve a variety of
crop and livestock species. Nevertheless, the
recent IPCC report on impacts, adaptation,
and vulnerability identified several likely
impacts of climate change on rural small-

holdings in developing countries:
• increased likelihood of crop failure;
• increased diseases and mortality of live-
stock and forced sales of livestock at dis-
advantageous prices;

• the sale of other assets, indebtedness, emi-
gration, and dependence on food relief;
and

• eventual worsening of human development
indicators.16
In Bangladesh, for example, agriculture

employs more than half of the labor force.
Temperature and rainfall changes associated
with climate change have already begun to
affect crop production in many parts of the
country, and the area of arable land is decreas-
ing. On average during the period 1962–88
Bangladesh lost about half a million tons of
rice annually as a result of floods, the equiv-
alent of nearly 30 percent of the country’s
average annual food grain imports. Future cli-
mate change trends are set to worsen agri-
cultural conditions; a study by the
International Rice Research Institute showed
that a 1 degree Celsius increase in night tem-
peratures during the growing season would
reduce global rice yields by 10 percent. Such
temperature increases are well within the pre-
dicted ranges for global warming.17

Although local farmers in Bangladesh are
generally unaware of the implications of cli-
mate change on their livelihoods, they are
noticing changes in seasons and rainfall pat-
terns. They have observed that planting sea-
sons have shifted and are shorter and earlier
than before; in addition, unusual extremes of
temperature—including cold snaps and heat
waves—are damaging crops. Temperatures in
Bangladesh increased about 1 degree Celsius
in May and half a degree in November
between 1985 and 1998, and further tem-
perature increases are expected. Extremes are
also increasing, and winter temperatures as low
as 5 degrees Celsius were recorded in January
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2007—reportedly the lowest in 38 years.18
The effort to build resilience to climate

change in rural livelihoods is one of the best
illustrations of the close relationship between
ecological resilience, social resilience, and
the development and institutional context.
There are a range of adaptation options,
many of which are already under way in
developing and industrial countries, with
their effectiveness varying from only mar-
ginally reducing negative impacts to bringing
about positive benefits for the communities
involved. Clearly, the latter is desirable in
terms of being resilient.19

Many autonomous adaptations to climate
change are already occurring in rural areas,
where livelihood systems experience a num-
ber of interlocking stressors other than cli-
mate change and where the most appropriate
strategies will incorporate local knowledge
and take a livelihoods-first approach. These
include altering the timing or location of
cropping activities and adopting water stor-
age and conservation strategies in times of
water stress. Poor smallholders in areas of
ecological fragility tend to have extensive
knowledge of options for coping with adverse
environmental conditions and shocks. Fur-
ther, local farmers often have intricate systems
of gathering and interpreting weather pat-
terns and adapting their seasonal farming
practices accordingly.20

In northeast Tanzania, for example, local
farmers use very specific indicators to predict
the beginning of the rains: increases in tem-
perature; lightning; changing behavioral pat-
terns of birds, insects, and mammals; and
three different types of plant changes (flow-
ering, new leaves, and grass wilting). Indica-
tors for the end of rains rely on meteorological
factors such as steady rainfall and wind
strength, but also fauna and flora signals such
as bee swarms and the ripening of seeds. In
the same region, the intensity and quantity of

rainfall are predicted through local assess-
ments of the distribution of rains, fogs, and
sunshine periods.21

Strengthening and adapting existing local
and indigenous coping strategies is key to
enabling and empowering communities to
enhance their own resilience. Community-
based adaptation strategies use participatory
tools to identify, assist, and implement com-
munity-based development activities that
contribute to resilience building in rural areas
in regions where adaptive capacity depends
as much on livelihoods indicators as it does
on climatic changes.

In Humbane village in Gwanda, Zim-
babwe, for instance, traditional methods of
rainwater harvesting are being communi-
cated and aided by the NGO Practical Action
in order to help rural communities adapt to
increasing drought conditions. Rainwater is
being captured as it falls and retained in the
soil or in tanks below ground so that it can
be used later as a source of clean water. By
constructing ridges of soil along the con-
tours of fields, rainfall is held back from run-
ning off the hard-baked soils too quickly, so
that even when rain levels are low, families can
harvest enough food.22

Tias Sibanda, one of the first farmers on his
ward to build contours to conserve rainwa-
ter, has experienced significant improvements
in the harvest on his farm. Before the pro-
gram, he used to plant maize on 4.5 hectares
but often had nothing to harvest because of
droughts. Following the project, he had two
crops of maize, yielding 1.5 tons and then
0.75 tons. This meant that Sibanda did not
have to buy food that year and even had
enough left over to last until the next season,
saving about $400—or the equivalent of
about 12 goats—on food.23

However, resilience building is only effec-
tive insofar as it is supported by wider insti-
tutional and fiscal support mechanisms.
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Efforts to build rural resilience need to
address the social processes that have caused
particularly vulnerable groups to be vulner-
able in the first place and then consider how
climate-related stresses can exacerbate risks to
rural livelihoods. Higher-level structures are
needed to mediate increasing competition
for resources, protect poor households against
marginalization by powerful actors, and coor-
dinate responses to increasing climate vari-
ability. This would reduce the risk that
household decisionmaking, which is typically
focused on economic opportunities rather
than climate-related risk, results in “mal-
adaptive” practices.24

All of this requires adaptive institutions—
rural institutions that encourage and facilitate
resilience and that are themselves resilient in
the face of climate change. Institutions and
their organizational forms shape the adapta-
tion practices of the rural poor. In order to
craft external interventions that can build
rural resilience, it is important to understand
how local institutions can respond.25

The activities of the Direction Nationale de
la Météorologie (DNM) in Mali show how
government institutions can help rural com-
munities manage climate risks. For the past 25
years, the DNM has been providing climate-
related information directly to farmers, help-
ing them to measure climate variables
themselves so they can incorporate this infor-
mation into their decisionmaking. The pro-
ject has evolved into an extensive collaboration
between government agencies and research
institutions, media, extension services, and
farmers, forming a strong institutional base on
which the challenges of climate change can be
faced by helping smallholders make the most
efficient decisions.26

Testimonies from farmers indicate that
following the DNM initiative they felt less
exposed to the uncertainties of a changing cli-
mate and more confident about investing in

improved seeds, fertilizers, and pesticides, all
of which boost production. Results from the
cropping season also show that crop yields and
farmers’ incomes were higher in DNM pro-
gram fields than in those where it was not
used. However, it is difficult to prove that
agrometeorological information is the main
reason for the increased yields. Further, mea-
suring the success of any adaptation program
is inherently problematic. The impacts are
mainly in the form of negative outcomes that
have not happened: the houses that have not
been destroyed, the people who have not
suffered from diseases, and the children who
are not malnourished.27

Building Urban Areas
That Are More Resilient

While cities are often blamed inaccurately for
producing the bulk of climate-changing activ-
ities, there is little doubt that they are centers
of climate vulnerability. Hundreds of mil-
lions of urban dwellers in low- and middle-
income nations are at risk from the direct
and indirect impacts of climate change. As the
number of people living in cities and towns
has grown—more than half of the world’s
population now lives in urban areas—so too
has the concentration of residents in vulner-
able settings. U.N. estimates suggest that at
least 900 million urban dwellers in low- and
middle-income nations “live in poverty,” a sit-
uation exacerbated by the greater need in
urban areas to pay for housing, water, access
to toilets, health care, education for children,
and traveling to and from work. Yet this con-
centration of people and economic activities
also provides the potential for effective adap-
tation, improved resilience, and the chance to
meet broader development needs.28

Building urban resilience is important,
first, because of the scale of the population
at risk: a large and growing proportion of
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those most at risk from climate change live
in urban areas. Second, it is important
because of the potential economic costs of
not having effective adaptation strategies:
successful national economies depend on
well-functioning and resilient urban centers.
Third, it is important because of the vulner-
ability of these large urban populations to a
variety of hazards that will result from climate
change, including extreme weather events,
floods, and water shortages.

Urban residents are vulnerable to a wide
range of climate change impacts. Changes in
temperature may worsen air quality and
increase energy demands for heating or cool-
ing, changes in precipitation will increase the
risk of flooding and landslides, and sea level
rise will lead to coastal flooding and the salin-
ization of water sources. More-frequent and
more-intense extreme events—such as trop-
ical cyclones, drought, and heat waves—will
also affect human health and well-being. In
addition, there will be changes in the types of
threats cities are exposed to as people move
away from stressed rural habitats and as bio-
logical changes mean disease carriers can sur-
vive in a wider area.

All these threats come together in cities like
Dhaka, the capital of Bangladesh. Its popu-
lation has grown more than twentyfold in
the last 50 years, and it now has more than
10 million inhabitants. Severe floods, most
recently in 2007, have had major economic
impacts: damaging houses and infrastructure
and reducing manufacturing productivity
through power outages, increased conges-

tion, and poor health among the work force.
Large sections of the city are only a few
meters above sea level, and the combination
of sea level rise and increasingly frequent and
intense storms is likely to greatly increase
these risks.29

The challenges are often even more acute
in smaller urban centers. Elsewhere in
Bangladesh, Khulna is a coastal city with a
population of 1.2 million. Large parts of the
city are frequently waterlogged after heavy
rainfall, and there are problems with the salin-
ization of surface water. Despite being
neglected by policymakers and researchers,
small- and intermediate-sized cities house an
increasing proportion of the world’s urban
population, and the changes that are made—
or not made—in these places will have sub-
stantial implications for resilience to climate
change in future years.30

What can be done to build resilience in
these settings? Resilience will require improv-
ing urban infrastructure, creating more effec-
tive and pro-poor structures of governance,
and building the capacity of individuals and
communities to address these new challenges
and move beyond them. In some ways, build-
ing infrastructural resilience is the most
straightforward aspect of this. After all, cities
around the world exist in hostile natural sur-
roundings: much of lower Manhattan is land
that has been reclaimed from the sea, and
London is protected from major flood events
by the Thames Barrier. Even in wealthy coun-
tries, however, these measures may not be suf-
ficient to deal with the most extreme events,
as was horribly evident in the aftermath of
Hurricane Katrina in New Orleans.

In many of the most vulnerable cities, the
financial resources to provide this sort of pro-
tection are not available. Thus it is necessary
to place a high priority on ensuring that the
systems that facilitate resilience—at the urban,
community, and household scale—are
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The city of Manizales in Colombia
has taken steps to build resilience,
particularly by not letting rapidly
growing low-income populations settle
on dangerous sites.
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adapted to take into account the threats of cli-
mate change. Indeed, effective adaptation is
all about the quality of local knowledge and
about local capacity and the willingness to act,
although this has to take place in the context
of transparent and effective systems of local
and national governance.

City and municipal governments have a key
role to play in facilitating urban resilience. (See
Box 5–1.) They participate directly, through
the provision and maintenance of infrastruc-
ture, but even more important they partici-
pate indirectly through encouraging and
supporting particular activities by individuals
and private enterprises. Municipal authorities
often have responsibility for land use planning,
which needs to ensure that low-income
groups can find affordable land for housing
that is not on a site vulnerable to climate
change. They also often have responsibility for
enforcing building codes, and they can ensure
that buildings and infrastructure take account
of climate change risks without imposing
unaffordable costs on low-income urban res-
idents. Urban resilience can also be facili-
tated through the adoption of pro-poor
strategies that enable individuals to develop
sustainable and resilient livelihoods. Indeed,
having a solid economic base is one of the
main ways to help households cope with the
shocks and stresses that will become more fre-
quent as a result of climate change.31

All these urban actions to build resilience
rely on the active engagement of other local
stakeholders and a supportive national gov-
ernment. Higher levels of government have
key roles in building urban resilience as they
provide the legislative, financial, and insti-
tutional basis within which urban authorities,
the private sector, civil society, and other
stakeholders act to adapt to climate change.
A supportive legal system can bolster locally
developed responses and provide appropri-
ate guidelines for stakeholders to build

resilience at the most appropriate scale.
Unfortunately, many bilateral aid agencies
and multilateral development banks do not
recognize the importance of local authorities
in this process and fail to provide adequate
support to increase local competence and
willingness to act. Redressing this situation
would provide a substantial boost to build-
ing urban resilience.32

Recent activities in Durban, one of South
Africa’s largest cities, illustrate the practical
ways that forward-thinking urban institu-
tions can help cities become more resilient to
climate change. The Environmental Man-
agement Department in eThekwini Munici-
pality (an expansion of what was Durban
Municipality) initiated a Climate Protection
Programme in 2004. This has included build-
ing an understanding of global and regional
climate change science and then translating
that into the implications of climate change
for Durban. The city developed a Headline
Climate Change Adaptation Strategy to high-
light how key sectors should begin respond-
ing to unavoidable climate change. Most
important, the municipality has incorporated
climate change into long-term city planning
to address the vulnerability of key sectors
such as health, water and sanitation, coastal
infrastructure, disaster management, and bio-
diversity. Adaptation strategies of this type
yield few obvious short-term benefits but
will generate greater rewards as the effects of
climate change are increasingly felt.33

The city of Manizales in Colombia has
also taken steps to build resilience, particularly
by not letting rapidly growing low-income
populations settle on dangerous sites. Its
population was growing rapidly, with high lev-
els of spontaneous settlement in areas at risk
from floods and landslides. Local authori-
ties, universities, NGOs, and communities
worked together to develop programs aimed
not only at reducing risk but also at improv-



In a warmer world, water supply challenges will
require new ways of thinking about resilience
that go beyond the engineering of pipes and
ditches to new nonstructural land management
approaches that work with nature to protect
the quality and quantity of the resource. Among
the pioneers of such new thinking was New
York City, which in the early 1990s rejected a
proposal to build more water filtration plants in
favor of buying and protecting forested land well
beyond city lines in the upstream watershed of
the Hudson River.
Having a forested watershed may not

guarantee more water flow; trees, after all,
transpire vast amounts of water into the
atmosphere. But the soils that healthy forests
develop tend to ensure water filtration, as well
as to filter out sediment and impurities from
water that flows into rivers. The spongelike
forest soil, the product of high carbon content
in combination with healthy microbial commu-
nities as leaves and other tree litter decay, also
holds water and thus moderates the extremes
of stream flow—which could temper the
water-flow extremes that follow the melting
of mountain glaciers.
Some communities are building new institu-

tions rather than water infrastructure in hopes
of reducing their vulnerability to hydrological
extremes. One such community is Quito, the
capital of Ecuador. Set in a bowl-shaped basin
in the northern Andes, Quito receives most of
its water from mountain grasslands that have
long been considered virtual water factories
because of their capacity to turn the melting
snow and the cold, humid air above glaciers
into stream flows that make their way into
the metropolis.
As human activities strained the water sup-

ply from these grasslands at the end of the last
century, however, Quito began investing in an
innovative public-private partnership to protect
and manage the grassland-covered watersheds
above the city. The QuitoWatershed
Protection Fund (known as FONAG, from its
name in Spanish) is funded through a 1.25-per-

cent tax on municipal water in the metropoli-
tan area, supplemented by payments by electri-
cal utilities and donations from private water
users. A diversity of outside donors, both
domestic and international, have contributed as
well. The money raised finances the conserva-
tion and protection of the grasslands, wetlands,
and upstream forests and natural areas.
FONAG finances predominantly long-term

activities—community park rangers for
protected areas, reforestation, environmental
education, outreach and training, and hydrology.
Some short-term interventions or projects,
such as sustainable production activities and
handcrafts, are also supported in order to
ensure innovative approaches and promote
continuous learning and improvement. With
assets of $5.5 million, FONAG had a budget in
2008 of $2.9 million.
One of the Fund’s challenges is that hydro-

logical science and information have yet to
catch up to the need to work with nature in
supplying metropolitan water. River systems
are a complex product of physiology, hydrology,
biology, and human demands. Data are only
beginning to come in that can demonstrate the
cost-effectiveness of FONAG’s efforts. Trained
human resources in the new field are scarce,
and institutional capacity is in its infancy. There
is no certainty that taking preventive measures
today will ameliorate the impacts of future cli-
mate change.
Despite these challenges, other cities in

Ecuador and in neighboring Colombia and Peru
are beginning to replicate the FONAG model
of public-private partnerships that aim to con-
serve clean and abundant water supplies. The
days when water resources were assumed to
be both renewable and “always there” are fad-
ing, especially as dwindling glaciers remind
those who depend on high-mountain water
that yesterday’s climate is no guarantee of
tomorrow’s.

—Marta Echavarria, Ecodecisiòn

Source: See endnote 31.

Box 5–1. ProtectingWatersheds to Build Urban Resilience
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with climate change, and the adaptation costs
faced by households and communities. Tak-
ing these into account, Oxfam recently put
the figure at over $50 billion annually.36

Currently, funding for adaptation falls
woefully short of these figures. There are
two main avenues for financing resilience in
developing countries: formal climate change
financing mechanisms under the United
Nations Framework Convention on Climate
Change (UNFCCC) and various national
mechanisms for official development assis-
tance (ODA).

Funding for adaptation under the
UNFCCC is currently disseminated through
four funding streams: the Least Developed
Countries Fund (LDCF), established to help
developing countries prepare and implement
National Adaptation Programmes of Action;
the Special Climate Change Fund (SCCF),
intended to support a number of climate
change activities such as mitigation and tech-
nology transfer, but with adaptation as a top
priority; the Global Environment Facility
(GEF) Trust Fund’s Strategic Priority for
Adaptation (SPA), which pilots operational
approaches to adaptation; and the Adaptation
Fund (AF), which under the Kyoto Protocol
is intended to help developing countries carry
out “concrete” adaptation activities.37

The LDCF, SCCF, and Trust Fund are rel-
atively small funds based on voluntary pledges
and contributions from donors. All three are
managed by the GEF, the primary financial
mechanism used by the UNFCCC. The
LDCF and SCCF only amount to around
$114 million in received allocations. The
GEF Trust Fund SPA contains $50 million to
support adaptation pilot projects. The Adap-
tation Fund of the Kyoto Protocol is financed
by a 2-percent levy on transactions in the
Clean Development Mechanism (CDM), the
market-based initiative under the protocol
that allows countries with greenhouse gas

ing the living standards of the poor. Between
1990 and 1992, some 2,320 dwelling units
were built for people in the lowest-income
groups, reducing the number of households
in high-risk zones by 63 percent and allow-
ing 360 hectares of land to be reforested as
eco-parks with strong environmental educa-
tion components.34

Unfortunately, actions of this type are not
widespread and are particularly rare in small-
and medium-sized cities. Where cities and
urban institutions have addressed climate
change issues, this has usually been from the
perspective of mitigation, which involves lim-
iting GHG emissions, particularly carbon
dioxide and methane, to reduce further cli-
mate change. Adaptation is far more com-
plicated to measure, resolve, and bring about.
On a more positive note, however, many of
the strategies to build urban resilience to cli-
mate change also represent good practice for
urban development more generally. More-
responsive local governments, improved infra-
structure, and better systems for disaster
preparedness are all key for improving the
quality of life for urban residents more gen-
erally, as well as for building resilience.35

Financing Resilience
One major constraint on building more-
resilient local and national institutions has
been the limited funds available. The costs of
adapting to climate change are huge: while
accurate calculations are difficult, the World
Bank estimates the amount at between $10
billion and $40 billion annually for “climate-
proofing” investments in developing coun-
tries. This estimate has been criticized,
however, for failing to take into account sev-
eral additional factors, such as climate-proof-
ing existing supplies of natural and physical
capital where no new investment was planned,
financing new investments specifically to deal



reduction targets to generate emission “cred-
its” from projects that offset emissions in
developing countries and produce sustain-
able development benefits. The Adaptation
Fund has the potential to generate by far the
largest amount of funds for adaptation; the
revenue generated from the CDM levy alone
is projected to be between $160 million and
$950 million. There is also talk of applying the
levy to international air travel, which could
generate $4–10 billion annually.38

The funds managed by the GEF have
been heavily criticized for failing to meet
the needs of vulnerable developing coun-
tries. These nations have expressed concern
over difficulties in getting funds for adapta-
tion through the GEF due to burdensome
criteria for reporting, additionality, and co-
financing, which most vulnerable developing
countries simply do not have the capacity to
meet. In addition, while international adap-
tation efforts have delivered some informa-
tion, resources, and capacity building
support, they have yet to facilitate significant
on-the-ground implementation, technology
development or access, or the establishment
of robust national institutions to carry the
adaptation agenda forward.39

The Adaptation Fund is the most promis-
ing financing vehicle, not only because it has
the potential to generate the greatest amount
of money but also because of its unique gov-
ernance structure, decided upon at the Con-
ference of the Parties to the UNFCCC in
Bali in 2007. The fund is not managed by the
GEF. It has its own independent board with
representation from the five U.N. regions as
well as special seats for least developed coun-
tries and small island developing states. The
GEF provides secretariat services on an interim
basis. Further, countries can make submis-
sions for funding directly to the Adaptation
Fund as opposed to going through desig-
nated implementing agencies (as is the case

with the GEF funds), and governments can
also designate their own implementing agen-
cies (such as NGOs) to make funding sub-
missions. It is hoped that this governance
structure will minimize problems of accessi-
bility and increase the effectiveness of climate
change financing for adaptation. In addition,
the fund is designed to fund concrete adap-
tation action on the ground, which has the
potential to contribute significantly to build-
ing resilience. However, funding through the
Adaptation Fund is not yet operational, and
even when it is it will still fall short of meet-
ing the full finance costs of adaptation.

A second option for funding resilience
building is through existing ODA financing.
Given the close relationship between devel-
opment objectives and building climate
change resilience, funding adaptation this
way might appear to make sense: sustainable
development reduces vulnerability to climate
change, while resilience-building activities
often contribute to the broader goals of
sustainable development. Reaching the Mil-
lennium Development Goals, for example—
reducing poverty, improving living conditions
in urban and rural settlements, providing
general education and health services, and
providing access to financing, markets, and
technologies—will improve the livelihoods
of the most vulnerable and in turn improve
their resilience regarding climate change. A
recent analysis of ODA activities reported by
members of the Organisation for Economic
Co-operation and Development found that
more than 60 percent of development assis-
tance could be relevant to building adaptive
capacity and facilitating adaptation. To date,
bilateral programs have committed more than
$110 million to more than 50 adaptation
projects in 29 countries.40

Although ODA contributions can com-
plement UNFCCC actions on adaptation,
they cannot be seen as a means of “plugging
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the gap” in adaptation financing. Funda-
mentally, the responsibility for helping the
most vulnerable countries cope with the
impacts of climate change ought to be in
addition to existing aid commitments. Indus-
trial-country financing for adaptation should
be based on the “polluter pays principle,”
which attributes the costs of pollution abate-
ment to polluters without subsidy, pointing
toward responsibility-based rather than bur-
den-based criteria. As highlighted by Oxfam,
ActionAid, and many other NGOs advocat-
ing for greater UNFCCC funding for adap-
tation, these monies should not be donated
to poor countries as “aid” but are owed as
compensation from high-emissions coun-
tries to those that are most vulnerable to
the impacts of climate change. So although
there is clearly a role for development insti-
tutions in enhancing adaptive capacity,
responsibility for adaptation does not lie
with these institutions, particularly when it
may compete with other development objec-
tives in partner countries.41

At the same time, however, there is cer-
tainly room for complementarities. The
UNFCCC explicitly provides support for
adaptation to climate change rather than cli-
matic variability. In climate negotiations, the
distinction is important, informing political
questions regarding costs and burden sharing.
Yet building resilience through development
can address a much broader range of factors
contributing to vulnerability on the ground
than targeted climate change interventions
alone. Further, development assistance can
invest in capacity building in partner countries
in order to facilitate UNFCCC-financed activ-
ities. For example, donors are well positioned
to strengthen national capacity, while devel-
opment practitioners and disaster risk reduc-
tion practitioners have a wealth of experience
in dealing with reducing vulnerability to cli-
mate hazards and extremes at local, subna-

tional, and national scales.42
ODA can therefore be used to add value

to the formal UNFCCCmechanisms through
development that contributes to resilience.
But regardless of development investments in
resilience building, funding through the
UNFCCC must be scaled up significantly,
and existing funding needs to be more acces-
sible, in order to come close to meeting the
huge challenge of building climate change
resilience in vulnerable developing countries.

At the country level, there is a need to
think carefully about the delivery mecha-
nisms for this funding. Experience with adap-
tation funding under the UNFCCC has
shown that national institutional responsi-
bilities for adaptation are unclear and some-
times competing. With the proliferation of
bilateral, multidonor, and convention funds,
it is vital to avoid duplication of efforts and
to ensure consistency in approach.43

One solution that is currently being piloted
in Bangladesh is the development of a coun-
try-owned multidonor trust fund to receive
all funding for adaptation from different
national and multilateral climate change
funds. This fund was launched in London in
September 2008 and will consist of contri-
butions from the Bangladeshi, British, Dan-
ish, and Dutch governments as well as from
the World Bank. It is hoped that this frame-
work will significantly reduce transaction costs
for global and bilateral funds and could pave
the way for large flows of money in the future,
while ensuring proper institutional structures,
governance, management, and targeting of
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The responsibility for helping the
most vulnerable countries cope
with the impacts of climate change
ought to be in addition to existing
aid commitments.



funds at the national level. The scale and
scope of the fund are currently under dis-
cussion, but it is hoped that the fund would
be accessible to government agencies, NGOs,
and the private companies that design and
implement climate change mitigation and
adaptation projects.44

It is also important that the institutions and
agencies that channel funds to vulnerable
people on the ground are given careful con-
sideration. The role of government institu-
tions is clearly vital, and mainstreaming
adaptation through existing national, sec-
toral, and local development plans is one way
to build the resilience of government insti-
tutions and services, and, by extension, of
the people who use them. However, this is
not always appropriate—for example, under
weak governments or in situations where
local government capacity and accountability
are flawed. In such circumstances, building
resilience through NGOs and private insti-
tutions may be more appropriate.

Early NGO efforts to enhance resilience of
vulnerable communities have proved promis-
ing, but they have also been limited in scale
and scope where they have not been closely
linked to and supported by governmental
plans and institutions. Another avenue that is
receiving increasing attention is the private
sector, particularly in relation to technology
transfer and insurance schemes. One example
is index-based insurance, still in the formative
stages, which is intended to facilitate adapta-
tion by farmers by discouraging risk-averse
behavior. Crops are insured against weather
patterns rather than crop losses, which also
reduces perverse incentives to underproduce.

The social enterprise BASIX has been pilot-
ing an index-based insurance program in
India, which initially has grown from 230
customers to around 12,000 in 2006–07.
However, an early review of this program
shows that it has not fulfilled expectations for

encouraging adaptive strategies of poor and
vulnerable farmers. One reason is the high cost
of the product (5–12 percent of the value
insured), which reduces the coverage that
clients can afford. The vast majority of clients
insure only their inputs, not the projected
value of their crops. Coverage is therefore
not sufficient to encourage risk-taking. Fur-
ther, reinsurers are increasing prices on these
policies because of growing climate change
concerns, putting the product even further out
of the reach of many potential customers.45

The private sector may produce some
options for financing resilience building, but
these have so far been shown to be limited,
particularly for enabling adaptation by the
most vulnerable. Therefore attention is cur-
rently best focused on improving the capac-
ity of existing local institutions that have
knowledge and a history of working with the
most vulnerable, in order to lessen gaps
between local and national processes and to
ensure that financial resources reach those
who can use them best. This requires the
involvement of local groups and civil society
organizations with the knowledge and capac-
ity to act, as well as a willingness among gov-
ernments to work with lower-income groups.46

Linking Mitigation
and Adaptation

Although this chapter has focused on
responding to the impacts of climate change,
mitigation is another response strategy that is
both necessary and urgent to ensure long-
term resilience. As Tom Wilbanks and col-
leagues note, “if mitigation can be successful
in keeping impacts at a lower level, adaptation
can be successful in coping with more of the
resulting impacts”. Until recently, mitigation
and adaptation have been considered sepa-
rately in climate change science and policy.
Mitigation has been treated as an issue for
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industrial countries, which carry the greatest
responsibility for climate change, while adap-
tation is seen as a priority for developing
countries, where the capacity to mitigate is
low and vulnerability is high.47

But in order to maximize global resilience
against climate change, any post-Kyoto
arrangements will have to engage developing
countries in the mitigation agenda. And mit-
igation strategies that offset carbon in devel-
oping countries through carbon trading
mechanisms such as the CDM and the vol-
untary carbon market have the potential to
bring sustainable development benefits, which
can contribute to climate change adaptation
and resilience. Taking this further, attention
has recently started to focus on exploring
synergies between mitigation and adaptation,
to see if they can be achieved together, con-
tributing to both short-term local and long-
term global resilience.48

Linking mitigation and adaptation at the
national and sectoral level is problematic,
because the needed actions and policies
involve different sectors. Mitigation actions
tend to focus on transport, industry, and
energy, while adaptation decisionmakers usu-
ally focus on the most immediately vulnera-
ble sectors such as agriculture, land use,
forestry, and coastal zone management. There
is some potential for overlap at the sectoral
level, however: for example, adaptation poli-
cies on agriculture, land use, and forestry
have implications for carbon dioxide seques-
tration and avoided methane emissions.49

Achieving synergies between mitigation
and adaptation strategies is most fruitful at
the project level, where the activities are
linked in very specific ways. In Dhaka, for
instance, a CDM mitigation project uses
organic waste to produce compost. This
reduces methane emissions by diverting
organic waste from landfills (where anaero-
bic processes occur that generate higher lev-

els of methane) to a composting plant (where
aerobic processes occur).50

This mitigation project has clear potential
for contributing to climate change resilience
in rural areas. The impacts of climate change
will include agroecosystem stresses in
drought-prone areas in Bangladesh. Thus,
enhancing soil organic matter content
through organic manure to increase the
moisture retention and fertility of soil both
reduces the vulnerability to drought and
increases the carbon sequestration rates of
crops. Linking mitigation and adaptation in
this way contributes to both long-term and
short-term ecological and social resilience.
The composting projects contribute to
global resilience by reducing GHG emis-
sions directly through preventing the gen-
eration of methane and indirectly through
contributing to the carbon sequestration
capabilities of crops. They also build local
resilience through soil improvement in
drought-prone areas, as poverty is exacer-
bated when climate change reduces the flows
of ecosystem services.51

An integrated approach could therefore
go some way toward bridging the gap
between the development and adaptation pri-
orities of developing countries and the need
for mitigation at the global level. In addi-
tion, this will increase the relevance of miti-
gation for the most vulnerable developing
countries, moving beyond the perception of
mitigation as only an issue for industrial
nations and helping to engage even the poor-
est developing countries in global mitigation
efforts. Building resilience requires climate
change response measures that bring together
integrated climate change, development, and
resource management concepts to build adap-
tive capacity. Linking mitigation at the project
level is one way of achieving such an inte-
grated approach, to build local and global
resilience now and for the future.52
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Bouncing Forward
to Greater Resilience

Low- and middle-income countries—and par-
ticularly their poorest inhabitants—are at the
frontline of climate change. The political dif-
ficulties in drawing attention to their plight and
the practical difficulties of measuring increases
in resilience present serious challenges.

As discussed at the beginning of this chap-
ter, building resilience to climate change is not
only about ensuring that individuals, com-
munities, and nations can maintain their cur-
rent situation. It is also about improving
living standards in a way that does not worsen
the problems of climate change. When billions
of people around the world lack adequate
water supplies, building resilience involves
extending the provision of water and sanita-
tion. When millions of children die of pre-
ventable diseases each year, building resilience
means improving child mortality figures rather

than merely preventing them from increasing.
Rather than thinking about resilience as
“bouncing back” from shocks and stresses, it
is perhaps more useful to think of it as
“bouncing forward” to a state where shocks
and stresses can be dealt with more efficiently
and successfully and with less damage to indi-
vidual lives and livelihoods.

Bouncing forward will require new com-
mitments from influential actors at a variety
of scales, including NGOs, local and national
governments, and international bodies. The
good news is that building resilience to cli-
mate change will also help address many of
the environmental, health, and developmental
challenges facing the world today. And as
the farmers in Njoro Division in Kenya, the
climate scientists in Mali’s Direction
Nationale de La Météorologie, and the plan-
ners in Durban have all shown, practical
actions to support human ingenuity can yield
impressive results.
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The atmosphere is kind. It takes the carbon
dioxide (CO2) and other heat-trapping green-
house gases that humans create and disperses
them equally all over the world. But that is
also its cruelty. The accumulation of these
waste gases over the decades, disproportion-
ately from industrial countries but increasingly
from some rapidly developing ones, is over-
whelming the planet’s energy balance and
heating up its surface. This accumulation
must end, but how that will happen is hard
to imagine. The mechanisms needed must
engage all humanity in ways that are mani-
festly fair to all.

Saving the global climate and protecting
ecosystems in a warming world must become
a national interest for each of nearly 200 sov-
ereign states. Negotiating a successful treaty
that achieves this will be a diplomatic feat
unlike any in history, given the stark inequal-
ities in per capita emissions levels and
income—and all the harder given that solv-
ing the climate problem will likely require
some real sacrifice.

This is nothing like war, in which military

might defeats the enemy and dictates the
peace. Rather it is an emergency with long-
term risks comparable to world war but
requiring the surrender of no one and the
cooperation of all. An economically and
demographically diverse world of 6.7 bil-
lion people reaches for more energy, food,
mobility, and creature comforts even as it
enters the early stages of human-driven
warming. And that world grows by 78 mil-
lion people each year.1

In a tragedy of the commons as big as all
outdoors, each country benefits directly from
actions within its borders that release green-
house gases, but the emissions themselves
dissipate into thin air and spread their impacts
globally. The atmosphere recognizes no bor-
ders and considers no molecule an illegal
immigrant. And there is an added twist of
inequity to this commons: the people least
responsible for loading the air with heat-trap-
ping gases tend also to be the ones most vul-
nerable to the impacts of the warming now
beginning. (See Box 6–1.)2

Defying the natural imbalance of national
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and global interests, many countries—espe-
cially those of the European Union (EU)
and, impressively, China—have been acting
in recent years to slow the growth of their
emissions. Representatives of most of the
world’s governments have been meeting
regularly since the late 1980s to craft ways
in which all countries can agree to stop
changing the planet’s climate. Most
nations—although not the historically largest
emitter, the United States—ratified an inter-
national climate agreement termed the
Kyoto Protocol, which went into force in
2005. The agreement requires industrial-
country signatories to control emissions of
carbon dioxide and five other key green-
house gases to levels somewhat below (or in
a few cases somewhat above) those recorded
in 1990.3

WhatWill It Cost?
The requirements to control greenhouse
gases have economically benefited some devel-
oping countries that signed the Kyoto Pro-
tocol but are not obligated by it to cut their
own emissions. And they probably have meant
the avoidance of some emissions that would
have occurred. By official count, trading in
2006 and 2007 in emerging worldwide car-
bon markets—a novel mechanism that has
arisen from international climate agree-
ments—will prevent an estimated 1.5 billion
tons of CO2-equivalent emissions. This is less
than 2 percent of global emissions in those
two years—not enough to noticeably slow the
warming in progress, but possibly a start.4

In working toward the Kyoto goals, about
$19.5 billion moved from industrial to devel-
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Many scientists expect that poor countries with
little responsibility for today’s climate instability
will be hit hard by climate change.This asymme-
try of circumstance prompts a pressing question:
Can climate treaties be built on strong principles
of fairness?

In truth, equity already plays a role, albeit a
limited one, in climate agreements.The Kyoto
Protocol, for example, is based on the principle of
“common but differentiated responsibilities,”
which recognizes different obligations for parties
in different economic and emissions positions.
And the Kyoto negotiating positions of many
countries—from France and Iran to Brazil and
Estonia—incorporated specific equity dimensions.

But fairness concerns are likely to assume a
higher profile in future climate negotiations as
the demands of climate stabilization become
more burdensome.Two nagging questions in par-
ticular have equity at their core: How should
rights to emit greenhouse gases be allocated?
And who should bear the costs of emissions
reductions and adaptation to climate change?

A broad range of answers is given to these

questions—each grounded in one or more
climate equity principles. On emissions rights, for
example, two very different principles are often
cited by proponents of allocation schemes:
• The Egalitarian Principle states that every per-
son worldwide should have the same emission
allowance.This principle gives populous coun-
tries the greatest number of emissions rights.
India, for example, with 3.8 times as many
people as the United States, would be entitled
to 3.8 times the emissions allowance available
to the United States.

• The Sovereignty Principle argues that all nations
should reduce their emissions by the same per-
centage amount. Large emitters would make
large absolute reductions of greenhouse gases,
while low-volume emitters would make smaller
absolute reductions.Thus under an agreement
to reduce emissions of carbon dioxide by, say,
10 percent, the United States would cut output
by some 579 million tons of CO2, while India
would reduce its emissions by 141 million tons.

Two other principles are often invoked to
determine the economic burden of curbing

Box 6–1. Equity and the Response to a Changing Climate



oping countries during those two years.
(This figure, while impressive, is less than a
fifth as much as the money transferred annu-
ally from industrial countries in develop-
ment assistance—$107 billion in 2005—and
is dwarfed by the remittances that immi-
grants send to their home countries, which
totaled $300 billion in 2006). These pay-
ments have come through the Kyoto Pro-
tocol’s Clean Development Mechanism
(CDM), designed to reward industrial
nations for emissions reductions they effec-
tively purchase from developing countries by
sponsoring energy development projects
that are less emissions-intensive than would
have been constructed otherwise.5

A worldwide network of carbon markets
worth $64 billion in 2007 has developed,
with $50 billion of that moving through the

European Union’s Emissions Trading
Scheme. Both these numbers are more than
double their values in the previous year. Offi-
cially they imply the retirement, avoidance,
or other offsetting of 3.0 billion tons of
CO2-equivalent emissions. As with other
high-finance instruments, however, emis-
sions credits are often held and resold mul-
tiple times, so the emissions avoidance that
underlies many credits might not become
real for years.6

One little-noted source of greenhouse
emissions reductions is an international envi-
ronmental agreement not directly related to
climate change: the Montreal Protocol,
which went into force in 1989. Countries
agreed to phase out the production of gases
that eat away the atmospheric ozone shield-
ing the world from hazardous levels of the
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climate change for different nations:
• The Polluter Pays Principle asserts that climate-
related economic burdens should be borne by
nations according to their contribution of
greenhouse gases over the years. Since 1950
the United States has emitted about 10 times
as much CO2 as India; using this historical base-
line suggests that the U.S. bill for dealing with
climate costs should be about 10 times greater
than India’s. (The difference would be greater
still if the baseline were set at 1750, roughly the
start of the Industrial Revolution.)

• The Ability to Pay Principle argues that the
burden should be borne by nations according
to their level of wealth. If gross domestic prod-
uct figures are used to determine how much
each country pays, the U.S. responsibility would
be some 12 times greater than that of India.

A 2006 survey of climate negotiators from a
broad range of nations revealed that the vast
majority believe equity considerations should fig-
ure in climate negotiations.The survey found a
relatively high degree of support for the Polluter
Pays and the Ability to Pay Principles, and a rela-

tively low degree of support for the Sovereignty
Principle, consistent with a general sense in the
international community that wealthy historical
emitters should pay more and poor countries
should pay less.

In the end, agreement on emissions
allocations may require a mixture of different
principles. Some analysts, for example, see egali-
tarianism as a desirable long-term equity goal,
with other principles used to transition to an
egalitarian outcome.

These four equity principles address only the
distributional dimension of climate equity
concerns. Other principles are used to assess the
equity of outcomes (how fair is the result of cli-
mate negotiations?) and of process (how fair is
the procedure by which deals are negotiated?).
The result is a thicket of principles, often
conflicting, that will compete for policymakers’
attention as climate negotiations unfold in the
years ahead.

—Gary Gardner

Source: See endnote 2.
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sun’s ultraviolet radiation. Since these gases
powerfully add to the warming of Earth’s
surface, phasing them out offers a double
benefit. Some of the gases now moving into
production to replace those that deplete
ozone also trap heat, however. So the final
impact of the Montreal Protocol on climate
depends to a large extent on future produc-
tion levels of these newer greenhouse gases.

All this said, greenhouse gas emissions
have been rising significantly—and, in recent
years, at an accelerating pace—despite ongo-
ing diplomatic efforts and the growth of a
market designed to reduce CO2 emissions.
The leading economy in this greenhouse
emissions boom is now China, the world’s
most populous and economically dynamic
country. The government there has given
priority to the development of renewable
energy and has committed to reducing the
carbon-dioxide intensity of its economy. Yet
coal-reliant China has singlehandedly
accounted for two thirds of the world’s
growth in carbon dioxide emissions from
electric power generation since 2000. This is
probably the best example of one of the
problems that most hinders a global climate
solution. The United States and other indus-
trial countries account for an estimated 76
percent of all greenhouse gas emissions from
1850 to 2002. But developing countries—
with their more rapidly growing population
and economies—will drive the bulk of the
buildup expected in the future.7

Vast tracts of new forests and a conversion
of most of the world’s farms to practices that
allow soil to capture and store atmospheric
carbon could remove some of the buildup of
carbon dioxide. (See Chapter 3.) As climate
change raises the risk of forest fires and
droughts, however, it will be hard to be cer-
tain that carbon stays securely locked away in
farms and forests. Such approaches nonethe-
less offer one exit strategy for the CO2 already

in the atmosphere. But they need to be paid
for by the wealthier countries that are respon-
sible for most past emissions. And to pre-
vent as many future emissions as possible,
the world’s wealthier countries will need to
finance much or even most of the reductions
needed in poorer countries—whether these
reductions come from avoiding deforesta-
tion and land degradation or constructing
wind turbines rather than coal-fired power
plants—as well as those achieved within their
own borders.

The $19.5 billion provided in 2006 and
2007 by a few industrial countries for emis-
sions reductions in a few developing countries
helps blaze a path toward the reductions the
world needs. But the path must very soon
become—to use an inappropriate metaphor—
a multilane highway. And this highway awaits
construction, even as industrial countries
themselves need to invest massively to boost
energy efficiency at home, shift from fossil
fuels, and develop climate-friendly ways to
produce food, goods, and services.8

Among the most respected estimators of
the total global costs of this transition is
Nicholas Stern of the London School of Eco-
nomics and Political Science, who pegs the
needed spending at 2 percent of gross global
product for decades to come. That works
out to more than $1 trillion a year—a daunt-
ing figure, but smaller than the $1.5 trillion
that oil consumers send annually to oil pro-
ducers, and much less than the $4.1 trillion
the world spends on health. These compar-
isons help put in perspective the public rela-
tions challenge of financing a truly significant
reduction of climate change risk. Yes, improv-
ing energy efficiency and shifting from fossil
fuels helps countries deal with high energy
prices, avoid pollution, and build energy inde-
pendence. But based on current experience,
these motivations fall far short of what will be
needed to really “save the climate.” Will most
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people come to see reducing that risk as com-
parable in importance to their own need for
good health?9

Without more insistent public outcries
about the risks climate change poses, that
will not happen soon—maybe not until
impacts are much more severe and the process
is all the harder to stop. In that future, the
world may face the real and incalculable long-
term costs of past inaction and think wistfully
about lost opportunities to invest in emissions
prevention. Still, the upfront costs of effective
prevention today seem huge, with uncertain
benefits. And the size of the needed financ-
ing is only one among many obstacles to
arriving at a workable world climate pact.

WhoWill Emit?
Given the challenges, it is not surprising that
the current negotiating process on climate
change is forbidding in its complexity and far
from any certainty of success. Even on finan-
cial issues that many governments take more
seriously than climate change, negotiations
sometimes founder. In July 2007 a round of
world trade talks that had continued for seven
years suddenly collapsed in unbridgeable dis-
agreement, with no prospect they would start
up again anytime soon.10

But the round of intergovernmental climate
talks now in progress under the auspices of the
United Nations is the only game on the planet
likely to lead to cuts in global emissions on the
scale needed. It deserves public attention and
political support despite the seemingly impen-
etrable raft of proposed mechanisms and the
tortuous frustrations of working toward an
agreement. Given the past resistance of the
U.S. government to any international action
or commitments on emissions reductions, the
new president taking office in January 2009
has an important opportunity. He can demon-
strate the leadership the world needs to work

out an effective agreement to save not just the
global climate but perhaps human civiliza-
tion itself, in negotiations that will culminate
in Copenhagen in late November 2009.

No one knows how much the world can
warm above preindustrial levels before the
changes become truly catastrophic. But some
scientific assessments and their acceptance
by the European Union, the U.N. Develop-
ment Programme, and others suggests that
the risk of climate catastrophe approaches
an intolerable level if the world’s average
temperature fails to stay within 2 degrees
Celsius (3.6 degrees Fahrenheit) of the prein-
dustrial global average. This is about 1.2
degrees Celsius above the current average
temperature. Significant climate risks may
lurk even in more-modest temperature
increases, especially if they are sustained over
time. (See Chapter 2.) Most of that possible
safety valve of 1.2 degrees may literally
already be baked into the world’s existing sys-
tem, however, continuing to drive more
storms, droughts, and sea level rise even if
emissions ended immediately. The window of
avoiding potential climate catastrophe is thus
closing quickly.11

Humanity needs eventually to shrink net
greenhouse gas emissions to zero, with flows
out of the atmosphere balancing flows in.
And since the biosphere cannot infinitely
absorb these gases out of the atmosphere, in
order to avoid continued human-induced cli-
mate change the world presumably must
someday have negligible emissions of green-
house gases. Yet all combustion releases heat-
trapping CO2 into the air. All molecules of
more than two atoms—from water vapor to
methane to the polyatomic industrial gases
used in refrigerators and air conditioners—trap
Earth’s solar heat before it escapes into space
and send it back down to the surface. Most
people would consider a zero-emission soci-
ety impossible if it were not essential to a rea-
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sonable hope that civilization will continue.
Suppose the world collectively decided to

allow 500 billion more tons of CO2-equiva-
lent emissions before reaching that zero-
emissions point. If the world then fairly
allocated those precious remaining tons, who
would get what? Who would do the allocat-
ing, who would enforce it, and how?

Since the vast majority of greenhouse gas
emissions now come from the countries and
regions that are demographic and economic
giants—the United States, the EU, Russia,
and Japan among industrial countries and
China, India, and Brazil among developing
ones—the early participation of these coun-
tries in a global atmospheric stabilization pro-
gram is essential. Over the long term,
however, there is no alternative to engaging
all countries in a global climate alliance.
Absolving smaller or less economically sig-
nificant ones from the task would risk the evo-
lution of a two-tiered world that would
inevitably draw greenhouse-gas-intensive
development and possibly even people to the
excluded countries. That could not work for
long. And besides, all countries and all peo-
ple have a right and a need to participate in
deciding how to resolve this crisis.

Lessons Learned,Time Lost
The upward trends in greenhouse gas emis-
sions over the last two decades trace tracks of
lost time. More than two decades have passed
since prominent climate scientists first began
calling news media and public attention to the
growing urgency of the problem. While the
signature of human-induced warming is now
clearer than it was then, the basic science and
the riskiness of stuffing ever more heat-trap-
ping gases into the atmosphere has never been
in doubt among the world’s leading scientists.

In the late 1980s, the world experienced
a test run for the climate talks to come, as

nations negotiated and then ratified the
Vienna Convention for the Protection of the
Ozone Layer and then its subsidiary, the
Montreal Protocol on Substances that
Deplete the Ozone Layer. With the backing
of President Ronald Reagan and most of the
world’s major producers of the regulated
gases, the protocol provided a system by
which industrial countries phased out the
ozone-depleting gases quickly.12

Though rarely recalled today, the Montreal
Protocol offers lessons for the climate nego-
tiations of 2009. The U.S. government and
chemical manufacturers strongly supported
the phaseout of ozone-depleting gases. The
agreement allowed developing countries a
later timetable and established a global fund
to funnel them needed financing from indus-
trial countries. The fund to date has spent
$2.3 billion. The agreement defined the divid-
ing line between the two groups by per capita
production and consumption. Although the
climate problem is far larger and more com-
plex than ozone depletion, each of the ele-
ments that help this treaty succeed could
contribute to an effective climate agreement.13

By 1994, most of the world’s nations,
including the United States, had ratified and
put into force the United Nations Frame-
work Convention on Climate Change, first
agreed to at the United Nations Confer-
ence on Environment and Development in
1992. That treaty expressed two key princi-
ples that have guided global climate negoti-
ations ever since. First, humanity should
“achieve…stabilization of greenhouse gas
concentrations in the atmosphere at a level
that would prevent dangerous anthropogenic
[human-induced] interference with the cli-
mate system.” Second, countries should
respond “in accordance with their common
but differentiated responsibilities and respec-
tive capabilities and their social and eco-
nomic conditions.” In short, stop climate
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change before it is too late, and expect the
longest-running and worst climate offend-
ers—the wealthier and more industrialized
countries—to step up to the head of the line
to fix the problem.14

Three years later, most of the world’s
nations agreed in Kyoto, Japan, to the pro-
tocol to the climate change convention. (In
diplomacy, protocols are supplements or
amendments to existing conventions; either
may be called a treaty.) The Kyoto Protocol
aimed to drive down the greenhouse gas emis-
sions of industrial countries as a first step in
what was planned to be a two-phase process
comparable to that of the Montreal Protocol.15

In negotiating the agreement, industrial
countries volunteered emission targets in
2012 based on a percentage of what each
country’s emissions had been in 1990. These
targets—averaging a 5-percent emissions
reduction among participating countries—
were originally intended to be achieved by
actual emissions cuts in those countries. To
ease fears that such cuts might be too oner-
ous and expensive, however, more flexible
mechanisms were allowed—and these
quickly became the favored approaches to
compliance.16

Under the terms of the Protocol, partici-
pating industrial countries can trade unneeded
emission allotments among themselves or
work together jointly on projects that promise
to cut emissions in any other participating
industrial country. (These cuts, called Joint
Implementation, are done within the Euro-
pean Union and in formerly communist coun-
tries like Russia and the Ukraine, where aging
and energy-inefficient capital equipment can
be improved at a relatively low cost.) Or they
can invest in projects that achieve the needed
reductions in developing countries through
the Clean Development Mechanism, which
then can sell those reductions as carbon cred-
its to the investing country.

The CDM is the only inducement for
emissions reductions in developing countries.
For understandable reasons, purchasers of
the emissions credits it offers have been drawn
mostly to large-scale projects in countries
capable of offering such opportunities. Prac-
tically speaking, this means a heavy tilt toward
China, India, and a handful of other Asian
powers, with little activity in Latin America or
sub-Saharan Africa. On top of that, critics
have noted that the CDM has produced
windfall profits for some investors while fail-
ing so far to take much of a bite out of global
greenhouse gas emissions. These problems are
now well recognized, however, and any new
climate agreement is likely to reform this
mechanism so that it covers many more emis-
sions-saving activities and reaches many more
countries. Or perhaps negotiators will craft
new approaches altogether to encourage emis-
sions reductions in developing countries that
industrial ones will pay for.17

Like all treaties, the protocol is binding,
but penalties for unachieved emissions reduc-
tions were deferred into an unknown future.
Those who fail to comply must face propor-
tionally greater emissions-reduction obliga-
tions following the first “commitment period”
from 2008 to 2012. But those obligations and
any later commitment period, of course,
remain to be negotiated. Some countries,
especially in Europe, with its mature
economies and generally stable populations,
are on track to meet their commitments.
Others are experiencing emissions growth
that will make the objective much harder.
Environmentalists are suing the government
of Canada, for example, in an effort to get
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2009 is the most promising year for real
action since ratification of the climate con-
vention in 1994.20

Although some emissions have undoubt-
edly been avoided, none of the scientific
and diplomatic efforts on climate has had an
obvious impact on the overall global increase
in carbon dioxide emissions. (See Figure
6–1.) Although less well documented, the
story is similar for other gases and for car-
bon dioxide from deforestation and land
degradation.21

There is, however, a real victory for which
both the Montreal and Kyoto Protocols
deserve thanks. Atmospheric concentrations
of greenhouse gases would have grown even
faster had neither treaty gone into effect.
New international institutions and financial
instruments designed to reduce global emis-
sions are riding gingerly forward on training
wheels. Chief among the Kyoto Protocol’s
accomplishments is the remarkable emer-
gence of carbon markets described earlier,
which has as its valued commodity, in effect,

it to take its Kyoto
promises more seri-
ously.18

The idea that indus-
trial countries would
move first on climate
change was firmly
rooted in principles
accepted in the Mon-
treal Protocol and the
Framework Convention
on Climate Change.
But the Kyoto Proto-
col’s perceived “free
ride” for developing
countries—some of
them now becoming
major emitters—pro-
vided a rationale for the
United States to reject
the protocol after initially signing it. The
country’s substantial emissions were thus left
unfettered. U.S. ratification would have been
far from easy anyway. Even before U.S. dele-
gates in Kyoto signed the new document,
back in Washington the Senate voted 95–0 to
oppose its ratification on the grounds it would
hurt the U.S. economy and leave developing
countries, without comparable commitments,
at an unfair economic advantage.19

At the time, U.S. emissions were tops in
the world. China, rapidly industrializing and
with four times the U.S. population of 305
million, has since overtaken the United States
in CO2 emissions from fossil fuel combustion
and cement production. But it will be many
years before any nation approaches the United
States in cumulative greenhouse gas emis-
sions. The country’s unwillingness to commit
to emissions reductions despite this fact is
undoubtedly the greatest single obstacle to
international action on the problem. Yet with
a new president in office already having
declared his willingness to limit emissions,
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trading. And states, provinces, and cities in
the United States and other industrial nations
are experimenting with their own Kyoto-
style emissions-reducing mechanisms and
commitments. The province of British
Columbia and the city of Boulder in Col-
orado are taxing carbon, returning the rev-
enue to residents through reductions in other
taxes. A carbon-trading exchange in Chicago
deals with voluntary but binding commit-
ments from a range of companies, commu-
nities, and organizations. In September 2008,
six northeastern states in the United States
sponsored a regional auction of carbon diox-
ide emission rights for the power genera-
tion sector. New South Wales in Australia
since 2003 has been requiring utilities to
offset any emissions that occur beyond reg-
ulated limits. Although these subnational
efforts exclude transportation and other
greenhouse emissions and the cost of emis-
sions are generally low (little more than $3
per ton of carbon in the U.S. example), it is
worth noting that jurisdictions are working
to reduce their emissions with no certainty of
global or national mechanisms to reward
such early efforts.24

In December 2007, climate negotiators
agreed at a major conference in Bali, Indone-
sia, on a plan and timetable for working
toward a protocol to succeed Kyoto when its
first commitment period ends in 2012. One
resolution of the Bali Action Plan was to con-
tinue the focus of global climate negotia-
tions on four main areas:
• mitigation, a term covering efforts to

reduce emissions below what they would
otherwise be, especially through energy
efficiency and a transition to low-carbon
energy production, as well as avoiding
deforestation in developing countries;

• adaptation to the climate change that is
already on the way, bringing rising sea lev-
els and more-severe weather patterns;

bad things—carbon dioxide emissions—that
are not happening. Global emissions levels
have nonetheless so far responded more to the
vagaries of the global economy than to diplo-
macy. The world needs much more effective
mechanisms for reversing course in green-
house gas emissions as rapidly and dramati-
cally as possible, beginning now.22

State of Play
Seemingly undaunted by these challenges,
today’s climate negotiators are building on the
mixed outcomes of the Kyoto Protocol to
craft a strategy for moving forward. Despite
the absence of the United States, parties to the
protocol continue to strengthen its provi-
sions and have committed to improving and
expanding the carbon trading, Clean Devel-
opment Mechanism, and other emissions-
reducing tools to which it gave birth. The
CDM and its governing board, for example,
already are moving to shift toward ongoing
programs of emissions reductions in a diver-
sity of developing countries.

The European Union, for its part, is mod-
ifying its ambitious Emissions Trading
Scheme. This is a cap and trade approach in
which total industrial emissions (amounting
to about 45 percent of CO2 emissions in the
EU) are restricted, the limited emissions are
allocated among companies, and unused allo-
cations can be traded for whatever the mar-
ket will bear. The system has drawn outrage
from environmentalists and consumers
because of its free allocations of emissions
among electric utilities and industries, which
provided windfall profits to companies as the
value of carbon credits rose. Architects of
the system have promised to shift to one of
auctioning allocations, with any revenue to be
used for climate or other public benefits.23

Japan, Canada, and New Zealand also
participate in Kyoto Protocol–based carbon



• technology transfer from industrial to
developing countries to facilitate and help
pay for these efforts in countries that oth-
erwise may not be able to afford them, or
in some cases transfers between developing
countries; and

• financing for poorer countries provided by
wealthier ones and potentially a pool of all
nations, for the three activities agreed upon.

Some analysts of the state of play add to this
list “vision,” an overarching statement about
what the negotiations are designed to achieve
and how they will do so.25

The conference also clarified that major
departures from the overall architecture of the
climate change convention and the Kyoto
Protocol were unlikely. Thus the major divi-
sion of responsibilities to act between indus-
trial and developing countries would remain.

Yet the Bali Action Plan also for the first
time expressed the objective that all par-
ties—indeed, all human beings—will reduce
emissions. Given how much variation exists
in emissions and development within each
group, some proposals aired at Bali envision
breaking the two groups into subcategories—
at least in terms of the commitments they
would be asked to make. These could dis-
tinguish former communist states in Eastern
Europe from wealthier industrial countries,
for instance, or rapidly industrializing or oil-
producing developing nations from those of
sub-Saharan Africa. Such subgroups might
have their own differentiated responsibili-
ties and timetables.

One way or another, the Bali conference
reiterated, poorer and less industrialized coun-

tries are not likely to move as soon as wealth-
ier and more industrialized ones must in com-
mitting to emissions cuts or taking
responsibility for the financing needed when
they do make such cuts. Conferees at a fol-
low-up workshop in Bangkok supported con-
tinuation of the market-based carbon trading
mechanisms of Kyoto, such as the CDM,
while pledging to refine them to improve
their reach and effectiveness. Those decisions
signaled to the world’s business leaders, noted
Yvo de Boer, executive secretary of the U.N.
secretariat administering the climate negoti-
ations, that “long-term certainty [will] guide
their investments over the coming years.”26

Knowing a new U.S. president would take
office in January 2009, the negotiators fast-
tracked the issues of financing and technol-
ogy transfer for a climate conference in
Poznan, Poland, in December 2008 and
saved most details of the more crucial and dif-
ficult issues of mitigation and adaptation for
Copenhagen in late 2009. When the U.S. del-
egation in Bali blocked consensus on the
imperative for emissions caps in industrial
countries, the negotiators regrouped and
instead established a working group to
address critical issue areas prior to Copen-
hagen. (Such working groups often do the
time-consuming brainstorming and bargain-
ing needed to pave the way for negotiating
conferences.) The Bali Action Plan made
clear to governments and to global capital
markets that the basic Kyoto approach of
setting binding national emissions targets
would move forward, but with more stringent
targets and longer timelines, that the inter-
national carbon market would be expanded,
and that the controversial Clean Development
Mechanism would be reviewed and modified.

Some concepts moved forward in evolu-
tionary leaps at Bali. More engagement in the
carbon market from developing countries
seemed likely after a reiterated commitment
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beings—will reduce emissions.
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to financing climate change adaptation activ-
ities through a 2-percent levy on CDM trans-
actions. Discussion moved forward on the
idea of emissions cuts negotiated within
important industrial sectors—electric utili-
ties, steel and aluminum production, avia-
tion, shipping, or even land transportation.
Helped by governments, companies in these
sectors would pledge an overall emissions
cap for their industry and then work together
across national borders to invest in and secure
the needed reductions where they could be
achieved most cheaply—most often, proba-
bly, in less wealthy countries, where the indus-
trial infrastructure is less modern and efficient.
By May 2008, China indicated its interest in
this approach—a breakthrough from the
developing country with by far the largest
industrial sectors.27

The sector concept, while controversial
because it could undermine more compre-
hensive emissions reduction strategies, is
appealing on several fronts. Almost all global
greenhouse gas emissions can be categorized
by sector (although some fit into more than
one sector). About a fifth of all emissions
can be attributed to the production processes
of specific industries, such as chemicals,
cement, and iron and steel. A cap and trade
approach within such sectors could thus pro-
duce significant emissions savings while fun-
neling private investment into the industrial
capital stock of developing countries.28

In many sectors, a small handful of coun-
tries are responsible for the majority of emis-
sions, reducing the number of actors and
simplifying the mechanism’s structure. And
sectoral agreements and mechanisms can pro-
vide important guidance for the more com-
prehensive and ambitious cap and trade
approaches likely to form the basis of long-
term efforts to reduce greenhouse gas emis-
sions. Although the details of such agreements
remain to be worked out, there is enough

support for the idea that a sectoral approach
seems a plausible candidate as an element in
a future protocol.

The development that provided the most
excitement at Bali was a new willingness by
developing countries to consider reductions
in the destruction of forests and land degra-
dation if these could be financed by industrial
countries. Again, the details remain to be
worked out. The most contentious question
is whether to allow such reductions to com-
pete with reductions in fossil fuel emissions in
international carbon markets. But the poten-
tial for synergistic benefits is obvious. An
estimated 23 percent of all global carbon
dioxide emissions come from deforestation
and other changes in land use, a proportion
just a bit larger than the CO2 emissions of the
United States or China (which account for
about 20 percent of the world total each).
Reducing the emissions associated with these
activities would directly contribute to the
preservation of forest-based biodiversity,
reductions in soil erosion, and reductions in
landslides and flooding in mountain com-
munities. (See Chapter 3.) The need for
reductions in fossil fuel and comparable indus-
trial emissions would nonetheless remain.29

New Directions
In the Bali discussions and in the months
that followed, central themes emerged or
gained momentum. Outside of the United
States, most countries appeared to support a
timetable under which industrial countries
focus in the years after 2012 on “hard” emis-
sions caps, which have been made easier to
attain through carbon trading mechanisms
such as the strengthened Clean Development
Mechanism. The 2007 report of the Inter-
governmental Panel on Climate Change sug-
gested that in order to have a reasonable
chance of permanently restraining global



warming to no more than 2.4 degrees Celsius
(4.3 degrees Fahrenheit) above preindustrial
levels. As noted earlier, some scientists believe
this is too high a threshold, but even by this
standard the world must reduce its CO2
equivalent emissions by 50–85 percent of
2000 levels by the middle of this century.30

To make that possible, industrial coun-
tries would need to slash their own emis-
sions by 25–40 percent by 2020. The
European Union has committed to 20 per-
cent cuts from a 1990 emissions base by that
year, while saying it would aim for a 30-per-
cent cut if joined in comparable efforts by the
United States and other industrial powers.
(The lack of consensus that the EU commit-
ment reflects about what year to use as a
basis for future reductions is just one of the
complicating factors in acting globally on cli-
mate change.) Such commitments are crucial,
because it is these rather than international
treaties per se that will lead to real emissions
reductions through the legislation that coun-
tries enact—with the European Union’s emis-
sions trading scheme the best model of this
dynamic.31

The U.S. Congress, despite the Senate’s
refusal to ratify the Kyoto Protocol, briefly
considered legislation in 2008 that would
have capped a significant proportion of U.S.
carbon dioxide emissions while rewarding
developing countries for reducing green-
house gas emissions from deforestation and
land degradation. Many U.S. climate activists
found the proposed legislation flawed, but its
consideration was a sign that the United
States will someday enact emissions-reducing
laws, especially as a new administration puts
its stamp on U.S. policy. (Both major presi-
dential candidates in 2008 supported a U.S.
commitment to emissions reductions, with
cap and trade mechanisms the preferred
approach.)32

At whatever point industrial countries

make binding commitments, rapidly devel-
oping countries such as China, India, and
Brazil will find themselves under pressure to
declare their own pledges—though perhaps
with a few years’ allowance before taking spe-
cific actions. “Commitment” is a difficult
word for most developing countries to use,
given their proportionally smaller responsi-
bility for filling the atmosphere with heat-trap-
ping gases. By taking on “no lose” objectives,
at least to slow the growth of greenhouse
gas emissions, developing countries can
engage in the global process. They might
pledge to reduce the “carbon intensity” of
each unit of economic activity, as China has.
Such efforts can defuse accusations from
wealthier countries that the poorer ones are
increasing their emissions rapidly but face no
obligations whatsoever.

The ideal mechanisms for developing coun-
tries would offer strong incentives, with financ-
ing provided mostly by wealthy countries,
eventually perhaps backed by modest prodding
“sticks” such as trade restrictions or finance
“carrots.” And, as described further later, one
concept worth exploring is for developing
countries to contribute climate-related financ-
ing in proportion to their well-off popula-
tions, above certain generous thresholds.

Some analysts speak hopefully, borrowing
a phrase from the U.S.-led occupation of
Iraq, of a “coalition of the willing,” implying
a voluntary approach to emissions reductions
even by industrial countries. Developing
countries and environmental organizations,
however, tend to see the voluntary approach
in wealthy countries as too little, too late.
Long-time major emitters that decline to
push down their emissions as rapidly as pos-
sible will need to “lose” something, beyond
the respect of other countries and unspecified
future penalties along the lines described in
the Kyoto Protocol, given how critical these
emissions reductions are. But what those
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“sticks” would be remains to be debated.33

On the positive side, an obvious syn-
chronicity between emissions cuts and new
sources of financing arises in the concept of
cap and trade—if countries auction the allo-
cation of emissions rights. Those auctions,
supplemented possibly by revenue from a
parallel carbon tax, could raise substantial
revenue, which could then be directed toward
both domestic and foreign efforts to reduce
emissions further and to adapt to ongoing cli-
mate change.

Meanwhile, critical questions await dis-
cussion at the 2009 Copenhagen meeting
and the working conferences leading up to it.
How is climate change adaptation defined, for
example? How is the concept separate from
overall economic development, which cer-
tainly would help countries better adapt to all
environmental change, including climate
change? How can developing countries be
assured that funding provided specifically for
their climate change adaptation efforts is not
simply subtracted from existing development
assistance? And what specific investments and
activities will truly enable countries to improve
their resilience to the possibly devastating
impacts of human-induced global warming?

The questions are equally challenging on
the issue of technology transfer. Most tech-
nology transfer is a business matter. Willing
sellers of a new technology find willing buy-
ers who can afford it. But technology that
facilitates reduction of greenhouse gas emis-
sions is a different matter altogether. Clearly,
affordability should not be an obstacle if the
technology serves the global good of emis-
sions reductions.

Just as clearly, inventors and others need
incentives to innovate. Someone will need
to fund technology transfers, and a balance
will need to be struck on such critical issues
as patent law and intellectual property rights
to secure the widest dissemination of useful

technologies at the lowest possible costs.
Progress made on such questions in distrib-
uting anti-retroviral drugs to treat
HIV/AIDS in developing countries offers
hopeful signs, and innovative climate-related
technology deployment mechanisms are now
the subject of negotiations ahead of the
Copenhagen conference.

Near the end of 2008, formal country and
regional proposals began to emerge that were
aimed at both the reduction of greenhouse
gas emissions and the financing of adaptation
to inevitable climate change. (See Box 6–2.)
Academics and nongovernmental organiza-
tions (NGOs) were putting forward ideas as
well, and an even greater number and variety
will emerge in the months leading up to
Copenhagen.34

Recognition of the importance of adapta-
tion financing is growing rapidly, even among
climate activists who once saw attention to
this issue as a distraction from the needed pre-
ventive measures to stop climate change. The
reason for this shift is sobering: there is no
avoiding significant and damaging impacts
from the greenhouse gases already in the
atmosphere, and the poorest and least respon-
sible will fare the worst. They will need much
help. The just solution to this dilemma is
that historic emitters must not just help but
must compensate those who suffer through
little or no fault of their own. Turning this
obvious principle into actual financing instru-
ments and real money, however, is another
matter.

The Real Deal
To step onto an emissions path likely to offer
some safety, humanity needs to cap and then
start shrinking global emissions within just
over a decade, however much the world
grows demographically and economically.
Every country will need to do its part. But
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what is each country’s part? That is what
negotiators must decide—and keep deciding
as both the global climate and the world’s
nations evolve. And negotiators must weigh
the relative importance of past, present, and
future emissions in assigning responsibility
for the problem. They must also decide how
to weigh the economic capacity of each coun-
try when asking for commitments to act.

Well-verified data on emissions is critically
important—where they come from, how they
influence atmospheric concentrations of
greenhouse gases, what sinks remove green-

house gases from the air, and how securely
they do so. The emerging currency for the
negotiations is carbon dioxide equivalence,
but as yet there are no databases that carefully
track emissions from all nations using this
measure. It will take effort to produce an
authoritative database. But until that is accom-
plished, how can the world’s countries be
assured that their collective emissions reduc-
tion efforts are succeeding?

The Kyoto Protocol addresses the six most
important greenhouse gases and gas cate-
gories—carbon dioxide, the number one
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Government proposals for financing climate
change programs that could be included in a new
protocol to the Framework Convention on Cli-
mate Change began emerging after the Bali Con-
ference of the Parties in late 2007.

China and the Group of 77 (G-77, a U.N coali-
tion of developing countries, now with 130 mem-
bers) propose a financial mechanism that would
link private and public funding sources to the
spending needs of governments, in order to
reduce potential fragmentation in financing
related to climate change needs. A governing
board with equal representation from developing
and industrial nations would determine how
much funding would be allocated for programs on
adaptation, mitigation, and technology transfer.

Funding would be additional to current official
development assistance (which generally consists
of direct grants and comparable support to pro-
mote economic development in developing coun-
tries). The majority of funds would come from
industrial nations and would be offered as grants
rather than loans.The level of funding would be
set at 0.5–1 percent of the gross national product
of industrial countries as a group.

In addition, China and the G-77 propose a
separate technology transfer financing mechanism
called the Multilateral ClimateTechnology Fund.
This would finance activities in developing coun-
tries related to clean energy technology research,

development, diffusion, and transfer. The fund
would operate under the Conference of the Par-
ties to the climate change treaty.

Mexico proposes a ComprehensiveWorld
Climate Change Fund, which would include miti-
gation, adaptation, and technology transfer activi-
ties. All countries—industrial and developing—
would contribute to this fund.Withdrawals
would be limited to countries that contribute
and would be determined by a formula based on
current GHG emissions, population, and gross
domestic product.

In its initial phase, the ComprehensiveWorld
Climate Change Fund would aim to mobilize and
spend no less than $10 billion a year. Mechanisms
that could mobilize financial resources include
auctioning permits in domestic cap and trade
systems in industrial countries and taxing air
travel. Mexico proposes that part of the fund be
set aside for the benefit of the poorest coun-
tries, as they will be most affected by climate
change. Governance of the fund would be trans-
parent and inclusive: all countries would have an
equal voice in the governing structure.

Switzerland proposes a funding scheme for
climate adaptation based on a global carbon
tax of $2 per ton of carbon dioxide emitted, in
accordance with “common but differentiated
responsibilities,” a phrase that harks back to the
climate change convention. Countries emitting

Box 6–2.Government Proposals for Climate Change Mitigation, Adaptation,
andTechnologyTransfer



offender, released during numerous human
activities; methane, released by agriculture
and from landfills and leaky natural gas pipes;
nitrous oxide, released in agriculture pro-
duction; sulfur hexafluoride, used in elec-
tricity production; hydrofluorocarbons,
which replaced chlorofluorocarbons in cool-
ing and refrigeration; and perfluorocarbons,
used in medical applications. Many other
industrial gases that trap atmospheric heat
remain outside of any negotiated framework
and are not currently even monitored. Some
have quite high global warming potentials

molecule per molecule, but all are now so
thinly distributed in the atmosphere that
they collectively make relatively insignificant
contributions to global warming in compar-
ison to the main regulated gases. This could
change, however, as production of any of
these gases grows.

A new protocol to specify what will follow
the Kyoto first commitment period could
engage all countries in a globally transparent
effort to monitor emissions of as many sig-
nificant greenhouse gases as possible.
Financed primarily by industrial countries,
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less than 1.5 tons of carbon dioxide per person
per year would be exempt from the tax. Esti-
mated overall revenues from the funding scheme
would be $48.5 billion annually. Of that, $18.4 bil-
lion would be for a Multilateral Adaptation Fund.
Revenues collected in each country from a global
carbon tax would be paid into the fund based on
its level of economic development. High-income
countries would pay 60 percent of their revenues
to the fund. Medium-income countries would pay
30 percent, and low-income countries would pay
15 percent.

India proposes a New Global Fund for Adap-
tation. Industrial nations would contribute 0.3–1
percent of their gross domestic product and the
monies would be especially used for adaptation
activities in developing countries.The fund would
be financed by both private and public sources.

South Africa, representing a coalition of African
governments called theAfrica Group, proposes
scaling up adaptation funding by more than 100
times what is now available. Financial resources
would be beyond existing funds under the United
Nations Convention.TheAfrica Group proposes
that a work program on adaptation be based on
an assessment of its costs for developing coun-
tries, and the group would facilitate the imple-
mentation of adaptation strategies and programs
through financing and capacity building.

In terms of adaptation financing, the Euro-
pean Union would focus on expanding the global

carbon market, leveraging private investment
flows, and making financing predictable and
timed to the needs of developing countries. In
addition, the EU strategy would consider
auctioning emissions allowances, introducing
taxes on aviation and shipping, and instituting a
global tax on CO2 emissions.

Norway proposes that adaptation needs
under the climate convention be met through
auctioning a share of “assigned amount units”—
portions of allowed emissions—of all industrial
countries. Companies in countries obliged to cap
national emissions could buy these certificates
to help them reach their emissions targets.
Revenues from a system of auctioning emission
allowances in the shipping sector would fund
adaptation activities in developing countries.

Under a proposal by Brazil, industrial coun-
tries would finance a new Clean Development
Fund that would aim to finance the costs of cli-
mate adaptation for developing countries. Brazil
proposes that adaptation funding be increased
considerably and focus on building the capacity
of developing countries to translate climate
adaptation information into actions, designating
national and regional centers of vulnerability, and
mapping climate vulnerability in light of national
economic and social indicators.

—Ambika Chawla

Source: See endnote 34.
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the effort could capture the imagination of
young people concerned about the global
climate they will inherit, and it could stimu-
late education and scientific advancement all
over the world.

As these efforts proceed, the world will
need to evolve beyond the antiquated and
overly simplistic division of all countries into
the categories “industrial” and “developing”
that has characterized climate negotiations
since the drafting of the Framework Con-
vention in the early 1990s. A relic of the
post-colonial landscape that took shape after
World War II, this bifurcation fails to capture
the wide diversity of responsibility (past and
current emissions, including on a per capita
basis) and capability (national and per capita
income and wealth) of the world’s nearly
200 nations. In particular, it fails to distin-
guish rapidly industrializing countries such as
China and India from those more slowly
developing countries that are still far from
contributing substantially to Earth’s green-
house gas buildup.

Dealing with global climate change in a
world of nations will require industrial and
rapidly industrializing countries to cap their
greenhouse gas emissions within the next
decade—and then to steadily reduce the totals
toward zero. Even poorer countries would
eventually need to follow. But how many
national leaders will agree to an emissions
allotment that allows their citizens a lower
average level of emissions than those of other
countries—especially if those countries earlier
contributed much more to the atmosphere’s
total greenhouse gas load?

Many observers who peer far enough into
the future of global climate regulation have
acknowledged that ultimately either climate
emissions will need to be roughly equal on a
per capita basis or countries that emit more
than the global per capita average will need
to compensate those that emit less. Nicholas

Stern has acknowledged that annual “global
average per capita emissions...will—as a mat-
ter of basic arithmetic—need to be around
two tons by 2050,” based on a world popu-
lation of 9 billion by then and using carbon
dioxide equivalence as his measurement unit.
“This figure is so low that there is little scope
for any large group to depart significantly
above or below it.”35

The leaders of India and Germany called
attention in the summer of 2007 to the
importance of per capita emissions parity—or
at least fairness. Both suggested that a new cli-
mate pact allow emissions from developing
countries to rise until they converged with
those of industrial countries (which would
presumably be decreasing rapidly), at which
point both groups of countries could reduce
their per capita emissions in tandem. “What
kind of measure do we use to create a just
world?” German Chancellor Angela Merkel
asked.36

Moreover, given the historically greater
responsibility of industrial countries for most
of the buildup of greenhouse gases in the
atmosphere, could even a true convergence of
future per capita emission levels constitute
“full payment” to the less wealthy countries
for a changed climate? In 1997, Brazil pro-
posed a plan by which country responsibilities
to address climate change were made pro-
portional to their historical contribution to the
problem. The idea made no headway on the
international stage. In 2005, researchers at the
World Resources Institute revisited the sug-
gestion and concluded that assigning historic
responsibility depends significantly on the
starting date of the history selected. Global
data would not support a definitive compar-
ison for periods earlier than 1990, the
researchers added, as that is when systematic
national emissions monitoring began.37

Most analysts who follow the process would
argue that a climate agreement based on either
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per capita emissions allocations or historical
cumulative emissions is unlikely to emerge
from the Copenhagen conference. Not only
would industrial countries understandably
fear the implications for them, but even some
developing countries have reason to worry
they would join the ranks of the “high emit-
ters” if the per capita emission dividing line
were set low enough to force radical emissions
reductions. The urgency of rapidly slashing
emissions will need to become much more
obvious to many more people before such
approaches can be taken seriously.

Over the long term, as Nicholas Stern rec-
ognized, there is no real alternative to con-
vergence on roughly equal per capita
emissions at very low levels. Zero net emis-
sions globally at some point in the future
will, of course, mean zero net emissions per
person. So it becomes all the more critical to
keep thinking about how this convergence
could eventually come to be—and, if possi-
ble, to help the process along.

Equity and the
End of Emissions

We have choices to make. Bringing green-
house gas emissions down to a fraction of cur-
rent levels will take an ongoing worldwide
effort that engages all nations and touches all
lives. We can fail to slash emissions, or fail even
to try. We can try risky geoengineering
schemes or simply hope to brave the heat
and storms to come. Or we can adopt a pos-
itive attitude about preventing future emis-
sions and adapting collectively to past ones,
and we can get to work.

We live in exciting times and can rise to the
occasion. We have handed ourselves a prob-
lem we can solve only by learning new ways
to live and to cooperate for a common goal.
It could be a good thing. But by any measure
the 10 months leading up to the Copen-

hagen negotiations on the next climate agree-
ment offer one last opening—any other 10
months might come too late—to seal a deal
that can save the global climate for the next
century and beyond.

One proposal gaining attention in advance
of Copenhagen sets out to integrate emissions
reductions and climate change adaptation
with a “right to sustainable development.”
Called Greenhouse Development Rights and
jointly developed by a U.S. group, EcoEquity,
and the Stockholm Environment Institute,
the concept is designed to share in fair ways
the burden of cutting greenhouse gas emis-
sions while shielding the poor from potentially
high costs. It would base climate-related
obligations on a national Responsibility and
Capacity Indicator. Responsibility would
reflect each country’s contribution to the cli-
mate problem and be defined in terms of
cumulative per capita greenhouse gas emis-
sions from a specific date, perhaps 1990.
Capacity would reflect each country’s ability
to help deal with the climate problem with-
out sacrificing necessities and be defined in
terms of national income.38

The indicator index combines these two
pillars of the climate convention with a sim-
ple but critical adjustment: income below a
“development threshold” of $7,500 per
capita does not count in the calculation of
capacity, and emissions corresponding to
consumption below that income threshold do
not count in the calculation of responsibility.
This figure, the proposal developers note, is
modestly higher than a global poverty line,
to reflect a level of welfare that is beyond
basic needs, though well short of today’s
levels of “affluent” consumption.39

The Greenhouse Development Rights
framework thereby accommodates develop-
ing countries’ claim that their development
and poverty eradication must trump solving
the climate problem. But it does so in a
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nuanced way. It assesses capacity and respon-
sibility at the level of individuals, in a manner
that takes explicit account of the unequal
distribution of income within countries. It
thus confronts a key obstacle to negotiating
an agreement that few other proposals even
acknowledge: many reasonably wealthy and
high-emitting individuals live in poor coun-
tries. Their income above $7,500 per person
per year would count in assessing each coun-
try’s capacity to respond to climate change.

This graduated approach to climate-
change-related obligations eliminates the
need for a simplistic division of the world
into industrial and developing countries.
While it deviates from a division of the world’s
countries established in the Framework Con-
vention on Climate Change and fortified in
subsequent negotiations, it also takes the
negotiations beyond one of the key stum-
bling blocks. After all, there is no reason why
living in a country with an average income at
the poverty level should excuse wealthy and
high-emitting people from curtailing their
emissions and contributing toward climate
change adaptation efforts.

The nuanced treatment of countries’ real
differences, and the focus on a right to devel-
opment and the principles of capacity and
responsibility, may prove the ultimate strength
of this and similar future approaches. Requir-
ing developing countries to take on com-
mitments only in proportion to the
responsibilities and capacities of their wealthy
and high-emitting populations offers the
potential for a compromise that a diversity of
countries could eventually endorse.

In practical terms, the emissions cuts
needed to avoid a warming in the range of 2
degrees Celsius or more would be so radical
that under the Greenhouse Development
Rights proposal the world’s wealthier coun-
tries and individuals would have to finance
emissions reductions in low-income coun-

tries long after the emissions in industrial
nations bottomed out near zero. Will the
wealthy and fortunate ever take on such oblig-
ations to save the world’s climate? As the
proposal’s authors note, if they won’t, no
one else will.

Taking on such obligations will be more
likely if wealthier countries and a climate pact
itself can ease and make economically attrac-
tive a rapid transition to energy efficiency and
renewable sources. There are plenty of attrac-
tive options governments and private-sector
investors can move forward aggressively and
immediately—especially improvements in
energy efficiency and electrical power gener-
ation through wind, solar energy, and geo-
thermal energy. (See Chapter 4.) People do
not really want carbon-based power per se,
after all; what they want is power itself, whether
at the flip of a light switch or the turn of a key
in the ignition of the family car.

One promising mechanism to kick-start
this shift, at least in the electricity production
sector, is a concept known as feed-in tariffs or
renewable energy payments. Already more
than 40 nations, states, and provinces have
enacted feed-in laws. These generally guar-
antee anyone who produces electricity with
renewable sources priority access to the elec-
tricity grid and long-term premium payments
for their electricity, thus reducing the inse-
curity of investment in renewable sources
and technologies. Another approach, even
simpler, is to root out and close off all gov-
ernment incentives that boost combustion
of carbon-based fuels and other greenhouse-
gas-intense activities. In the 1990s, a World
Bank report estimated that such subsidies
cost taxpayers an estimated $210 billion a
year and prompted 7 percent of all global
CO2 emissions.40

An idea that still waits to be more promi-
nently touted is the concept of “shadow car-
bon pricing.” Ideally, a climate agreement
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should contribute to a uniform high and ris-
ing global price for carbon dioxide that would
both discourage release of the gases into the
air and raise revenues for adaptation and fur-
ther emissions reductions. But until the
world’s nations are ready for such a step,
institutions from the World Bank to NGOs
should pick a number—any number, almost—
to define an imaginary or shadow price for a
ton of the gas. Then the shadow carbon cost
of any activity, from building a power plant
to driving a gas-guzzler to the local conve-
nience store, could be calculated and publi-
cized. The point? Simply to educate the public
about how deeply greenhouse gas emissions
are embedded in daily living and the global
economy and to prepare the way for eventual
real costs applied to these emissions.

As human-induced climate change
becomes increasingly palpable everywhere,
people in all walks of life will grow weary of
unfulfilled promises to reduce greenhouse
gases at the margins. With enough public
pressure, nations may find ways to push each
other into action commensurate to the threat.
In today’s globalized society, few countries
can manage without free trade, but trade
should be freest among the nations that
jointly commit to act forcefully to save the cli-
mate. The task is doable; of all the hundreds
of scientists presenting diverse opinions on the
climate problem, no prominent one has spo-
ken up to say it is already too late to act.

The world needs to prepare to work coop-
eratively to adapt for serious and disruptive cli-
mate change beyond what has already been
seen—while still preventing potentially cata-
clysmic changes. The approach may combine
both cap and trade mechanisms, within and
among countries and industrial sectors, and
domestically focused carbon taxes. The latter
may be refunded to people as dividends,
thereby softening the regressive nature of
the tax and building a constituency for the

needed global anti-carbon price tilt. Also
needed, even in an era of higher prices on car-
bon, may be some old-fashioned regulation
of energy and industry practices where such
governmental nudges can make an impor-
tant difference at low cost.

There is nothing inherently incompatible
about applying all three of these diverse
approaches—cap and trade, carbon taxes,
and regulation—to the task of wringing car-
bon dioxide and other greenhouse gases out
of the growing global economy. Nor is there
any reason that industrial countries should
not take on the lion’s share of the load in
helping developing countries reduce both
their emissions and their vulnerability to
human-induced climate change—with an
understanding that wealthy people in devel-
oping countries have special responsibilities
as well and that eventually economic devel-
opment will both empower and obligate
most of the world to radically reduce green-
house gas emissions.

Perhaps this will turn into a world of for-
tified nations dealing individually with a
warming climate and rising seas as best as
they can while defending themselves against
desperate neighbors. But as Hurricane Kat-
rina in 2005 and the heat wave that killed
thousands in France two years earlier demon-
strate, the wealthiest nations are quite vul-
nerable to extreme weather events. Ultimately,
to reduce climate risk the world will need to
work toward a negotiated framework based
on the equal right of all people to use the
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Ideally, a climate agreement should
contribute to a uniform high and rising
global price for carbon dioxide that
would discourage release of the gases
and raise revenues for adaptation and
further emissions reductions.



common atmosphere while advancing them-
selves economically. Even in the near term, the
climate negotiating process could inspire—
perhaps among a coalition of NGOs—devel-
opment of a metric similar to shadow carbon
pricing that builds an ongoing tally of who
uses what “atmospheric space” on a per capita
basis for a future allocation process that
remains to be imagined.

This approach could be called “no loss—
for the present—but no promises about the
future.” Simply by raising public awareness
that everyone will need some day to con-
tribute financing in proportion to excessive
emissions today, and by developing an
accounting system to illustrate and measure
the growing burden of future payments, it
may be possible to stimulate new pressure to
shift away from carbon-based energies and
create new innovations in carbon trading.
That is just one unconventional idea to help
unravel the post–Kyoto Protocol negotia-
tions puzzle. There will be many more.

It helps that shifting away from fossil fuels
will also mean shifting away from their rising
costs as demand outstrips shrinking supplies
as well as shifting away from the immense

human and environmental costs of coal min-
ing (and mining accidents), oil drilling, oil
spills, and air pollution and the respiratory
problems it causes. It helps, too, that some of
the most abundant renewable energy
resources—intense sun and high winds—can
be found in developing countries.

In addressing the climate change that
humans are causing, people may learn lessons
to help them face the many other problems
that stem from humanity’s growing presence
and appetite on a resource-constrained planet.
While Earth and its envelope of air are fixed,
there are no known limitations on the social
sphere. In the century to come, people may
well have to retreat from rising seas, to recy-
cle most wastewater, to restore and cultivate
ravaged soils, and to build cities that can sur-
vive brutal storms.

But if we act soon, shrewdly and with a
commitment to fairness for all, there may
still be time to keep nature and ourselves
intact and even thriving despite the changes
we will see. We may step safely into a man-
ageably warming world, with a new appreci-
ation of our common humanity and what
we can accomplish together.
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At the heart of climate change is the green-
house effect, in which molecules of various
gases trap heat in Earth’s atmosphere and
keep it warm enough to support life. Carbon
dioxide and other “greenhouse gases”
(GHGs) are an important part of Earth’s

Climate Change Reference
Guide and Glossary
Alice McKeown and Gary Gardner

natural cycles, but human activities are boost-
ing their concentrations in the atmosphere
to dangerous levels. The result is rising
global temperatures and an unstable climate
that threatens humans, economies, and
ecosystems.

Sources of Climate Change

Greenhouse Gas Generated by

Carbon Dioxide (CO2) Fossil fuel combustion,
land clearing for
agriculture

Methane (CH4) Livestock production,
extraction of fossil
fuels, rice cultivation,
biomass burning, land-
fills, sewage

Nitrous Oxide (N2O) Industrial processes,
fertilizer use, land
clearing

Hydrofluoro- Leakage from refriger-
carbons ators, aerosols, air
(HFCs) conditioners

F gases Perfluoro- Aluminum production,
carbons semiconductor industry

Sulfur Hexa- Electrical insulation,
fluoride (SF6) magnesium smelting

Global Emissions of Greenhouse Gases

The primary human-generated greenhouse gases are carbon dioxide, methane, chlorofluorocarbons (fluo-
ride gases), and nitrous oxide. Greenhouse gases are only one source of climate change; aerosols such as
black carbon and land use changes such as deforestation also affect warming.1

Share of Global Emissions, in Carbon
Dioxide Equivalent, 2004

CO2 from fossil
fuel use (56.6%)

CO2 from
deforestation,
biomass
decay, etc.
(17.3%)

CH4 (14.3%)

N2O (7.9%)
F-gases (1.1%)

Other CO2

(2.8%)

Source: IPCC
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Source Sample Emission-
generating Activities

Energy Supply Generation of primary
energy supplies, chiefly
from fossil fuels; produc-
tion of fuels for electricity,
transportation, and heat;
includes extraction and
refining

Industry Production of metals, pulp
and paper, cement, and
chemical production

Forestry Deforestation, decomposi-
tion of biomass that
remains after logging

Agriculture Crop and livestock
production

Transport Travel by car, plane, train,
or ship

Residential and Heating, cooling, and
Commercial Buildings electricity

Waste Landfills, incineration,
wastewater

Greenhouse Gas Sources, by Sector

Greenhouse gases come from a broad range of human activities, including energy use, changes in land use
(such as deforestation), and agriculture.2

Emissions by Sector, in Carbon
Dioxide Equivalent, 2004

Waste and
wastewater

(2.8%)

Energy supply
(25.9%)

Industry
(19.4%)

Forestry
(17.4%)

Agriculture
(13.5%)

Transport
(13.1%)

Buildings
(7.9%)

Source: IPCC
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The Carbon Cycle

Measuring Climate Change

Fossil fuel burning and
cement production

6.4 GtC

Land use
changes
1.6 GtC

Land sinks
2.6 GtC

Ocean sinks
2.2 GtC
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Temperature
Conversion

Changes to global
temperature caused
by climate change are
usually measured in
degrees Celsius. One
degree Celsius is equal to
1.8 degrees Fahrenheit—
meaning that a 2-degree
Celsius rise is 3.6
degrees Fahrenheit.
Actual temperature
readings in the different
scales are easily
compared when placed
side by side.

Carbon flows among land, sea, and the atmosphere. But human activities since the mid-eighteenth century
have changed carbon flows in ways that have lasting implications for the climate. This graphic depicts
changes to global carbon flows in the 1990s relative to the preindustrial state.3
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Indicator Carbon Carbon Dioxide Carbon Dioxide Equivalent

Molecular One atom of carbon. One atom of carbon and A measurement, not a
makeup two atoms of oxygen. chemical element, so no

molecular formula.

Symbol C CO2 CO2eq or CO2e

Description Carbon cycles among A gaseous form of carbon, A unit of measurement that
land, sea, air, and CO2 is the breath people allows the global warming
biological systems and exhale, the fizz in soda—and contribution of greenhouse
is the building block part of the exhaust from gases to be compared with
of many but not all burning fossil fuels. Most each other, even if they have
greenhouse gases. human carbon emissions a different molecular makeup.

are in the form of CO2.

Calculation One ton of carbon = Not typically converted Quantity of a greenhouse
3.67 tons of carbon to other units. Measured gas multiplied by its global
dioxide. as emissions and as a warming potential.

concentration in the
atmosphere.

Carbon,Carbon Dioxide, and Carbon Dioxide Equivalents

Carbon, the basis of life on Earth, is at the center of the climate crisis. Carbon is found in solid, liquid, and
gaseous form. CO2 is the most prevalent of human-generated greenhouse gases. CO2 is so dominant that
all other greenhouse gases are evaluated in terms of their equivalency to CO2.

Greenhouse Gas GlobalWarming
Potential

Carbon Dioxide 1

Methane 25

Nitrous Oxide 298

Hydrofluorocarbons 124 – 14,800

Perfluorocarbons 7,390 – 12,200

Sulfur Hexafluoride 22,800

GlobalWarming Potential of Selected Greenhouse Gases

Global warming potential (GWP) expresses a gas’s
heat-trapping power relative to carbon dioxide over
a particular time period (thisTable uses the common
100-year frame).GWP allows observers to compare
the contributions to climate change made by various
greenhouse gases that have different warming effects
and life spans.A methane molecule, for example, has
25 times the warming potential of a carbon dioxide
molecule, and some gases are hundreds or
thousands of times more powerful.4
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Top 10 CO2-Emitting Nations,Total and Per Person, 2005

National emissions levels vary greatly. Among the top 10 emitters, the United States generates 12 times
more CO2 than Italy does.The 10 leading emitters generate many more times the emissions of most devel-
oping countries, although emissions in those countries are rising rapidly and could soon overtake the annual
emissions in industrial countries.The top 10 emitting nations also exhibit a broad range of emissions per
person.Wealthy countries tend to emit more carbon dioxide per person than poor countries do.5
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Over time, early industri-
alizing nations typically
have emitted more
carbon dioxide to the
atmosphere than nations
that industrialized later.6

Source: DLR
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Average GlobalTemperature at Earth’s Surface, 1880–2007

Average global
temperature increased
by 0.74 degrees Celsius
between 1906 and 2005.
The Intergovernmental
Panel on Climate Change
(IPCC) predicts an
additional rise of 1.8–4.0
degrees Celsius this
century, depending on
how much and how
soon greenhouse gas
emissions are curbed.8
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Consequences of Greenhouse Gas Buildup

Concentration of CO2 in Earth’sAtmosphere, 1744–2007

Since the mid-eighteenth
century fossil fuel use and
cement production have
released billions of tons of
CO2 to the atmosphere.
Carbon dioxide levels in
the atmosphere before the
Industrial Revolution were
some 280 parts per million
(ppm). By 2007, levels had
reached 384 ppm—a 37-
percent increase.7
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ClimateTipping Elements

Scientists believe that several “climate tipping elements” could destabilize the planet’s climate by setting off
chain reactions—“positive feedbacks”—that accelerate other climate changes. Once a tipping element is
triggered by crossing a threshold or tipping point, there is no turning back even if all greenhouse gas emis-
sions were to end. Some tipping elements, such as the loss of Arctic summer sea ice, may be triggered
within the next decade if climate change continues at the same rate. Others—the collapse of the Atlantic
ocean current, for instance—are thought to be many decades away.10

Ranking Year

1 2005

2 1998

3 2002

4 2003

5 2007

6 2006

7 2004

8 2001

9 1997

10 1995

Direct temperature readings
dating back to the nineteenth
century show that the last 10
years had 8 of the 10 warmest
years on record.9

The 10WarmestYears on Record, 1880–2007

Tipping Element Expected Consequences

Loss of Arctic summer sea ice Higher average global temperatures and changes to ecosystems

Melting of Greenland ice sheet Global sea level rise up to 7 meters and higher average global
temperatures

Collapse ofWest Antarctic ice sheet Global sea level rise up to 5 meters and higher average global
temperatures

Collapse of the Atlantic ocean current Disruptions to Gulf Stream and changes to weather patterns

Increase in El Niño events Changes to weather patterns, including increased droughts,
especially in Southeast Asia

Dieback of boreal forest Severe changes to boreal forest ecosystems

Dieback of Amazon forest Massive extinctions and decreased rainfall

Changes to the Indian summer monsoon Widespread drought and changes to weather patterns

Changes to the Sahara/ Sahel and the Changes to weather patterns, including potential greening of
West African monsoon the Sahara/Sahel—one of the few positive tipping elements
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LATINAMERICA
• Glacier melt decline
threatens freshwater
supplies for drinking,
agriculture production,
and electricity

• Replacement of tropical
forests by savannas and
massive extinctions in
tropical areas

• Lower crop and
livestock yields from
desertification and
salinization as well as
declining fish production

System or
Condition Changes

FreshWater • Increased droughts
• Increased heavy precipitation
events and flooding
• Decreased drinking and fresh-
water supplies and availability
• Glacier melt decline
• Increased salinization of
freshwater sources

Ecosystems • Massive extinctions
• Animal and plant migration
• Increased wildfires,
flooding, and drought
• Decreased forest coverage,
expanding arid lands, and other
similar changes
• Ocean acidification and coral
reef bleaching
• Spread of exotic, invasive
plants and animals

Food and • Reduced crop yields
Agriculture • Shifting growing zones

• Increasing hunger and
malnutrition
• Declining fish yields

Health • Increased deaths due to floods,
heat waves, storms, fires, and
drought
• Changes in the distribution of
certain infectious diseases,
including malaria
• Increased cardiorespiratory
diseases
• Increased disease spread from
contaminated and polluted
drinking water supplies
• Increased diarrheal disease
• Increased malnutrition

Coasts • Increased coastal flooding,
especially in low-lying islands
and heavily populated delta
regions
• Increased soil erosion
• Increased intensity and
strength of tropical storms

Expected Impacts of an Unstable Climate

NORTHAMERICA
• Reduced snowpack and
summer flows inWest

• Greater fire risk and
more areas burned

• Growing risk of deaths
from heat waves
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Climate changes are already occurring today and will
continue to accelerate as greenhouse gas concentrations
rise over time.While climate change is global, the impacts
are felt differently from region to region.11

AFRICA
• 75–250 million people
without access to
fresh water by 2020

• Severe reductions
in crop yields and
fisheries production

• Heavily populated
delta regions at risk
from flooding

ASIA
• 1 billion people at
risk from decreasing
freshwater supplies

AUSTRALIA AND
NEW ZEALAND
• Widespread lack of access
to fresh water

• Significant loss of biodiversity,
including Great Barrier Reef

• Heavily populated coastal
regions at risk from flooding
and strong storms

EUROPE
• Coastal flooding, more
frequent inland flash floods,
and mountain glacier melt

• Widespread extinctions
and species loss

• Declining crop production
in the South with potential
increases in the North

• Growing risk of deaths
from heat waves, especially
in Central, Southern, and
Eastern regions

SOUTHAND EASTASIA
• Rising mortality from diarrheal
disease and potential massive
spreading of cholera

• Heavily populated regions at
risk from flooding
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Potential Stabilization Points Details

Global temperature increase According to the IPCC, the risks and threats of climate change increase
of 2 degrees Celsius dramatically when global temperature rises more than 2 degrees Celsius

(3.6 degrees Fahrenheit). Government leaders and nongovernmental
organizations have embraced 2 degrees as the maximum rise allowable
if the worst effects of climate change are to be avoided.

Global greenhouse gas Reduction needed to limit global temperature rise to 2–3 degrees
reductions of 15–20 percent Celsius, according to the IPCC.This goal suggests that carbon dioxide
below baseline levels within concentrations must peak by 2015–20 and then fall. Many policymakers
the next 10–20 years use a variation of this number to set guidelines for action.

Atmospheric CO2 at 350 ppm NASA climate scientist James Hansen and his colleagues argue that
many global warming tipping points have already been passed. Although
current concentrations of CO2 in the atmosphere exceed 380 parts per
million, these scientists believe that atmospheric concentrations need to
drop to 350 ppm or lower as soon as possible.

Atmospheric CO2 at U.K. economist Nicholas Stern advises that the uppermost stabilization
450–550 ppm levels for atmospheric concentrations of CO2 should not exceed

450–550 parts per million in order to avoid global economic collapse.
Based on climate models, this stabilization point takes into account
predictions about technological developments and the time needed for
widespread action.

Avoiding Dangerous Effects of Climate Change

Scientists talk about several potential climate stabilization levels that could help minimize the negative
effects of climate change. Policymakers rally around these different stabilization points, using them to
develop policies to rein in greenhouse gas emissions. But not everyone agrees on the same stabilization
points, and recent studies indicate that the levels may need to be lower than once believed.12
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United Nations Framework JUNE Rio de Janeiro
Convention on Climate 1992 Earth Summit
Change adopted

Kyoto Protocol DECEMBER Kyoto Meeting
adopted to control 1997
greenhouse gas emissions
through 2012

Kyoto Protocol FEBRUARY
enters into force 2005

The Bali Road Map and DECEMBER Bali Meeting
Action Plan outline the 2007
steps needed to reach a
new international climate
treaty by the end of 2009

Groundwork for the 2008 Meetings in
new agreement Bangkok, Bonn,

Accra, and Poznan

2009 Meetings

Target date for agreement DECEMBER Copenhagen Meeting
on a new international 2009
climate treaty

Additional Information

Intergovernmental Panel on Climate Change: www.ipcc.ch

United Nations Environment Programme: www.unep.org/themes/climatechange

United Nations Framework Convention on Climate Change: www.unfccc.int

Carbon Dioxide Information Analysis Center: cdiac.ornl.gov/faq.html

The Diplomatic Road to Copenhagen
Fifteen years after international climate negotiations began at the Rio Earth Summit in 1992, and 10 years
after the Kyoto Protocol was completed, the Bali Road Map and Action Plan outlined the steps needed
to reach a new, post-Kyoto climate treaty in Copenhagen by the end of 2009. Beyond 2009, international
negotiations on climate will likely continue in order to set new emission reduction targets, adapt to
scientific advances, and adjust to a changing climate.
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Anthropogenic emissions: Greenhouse gas
emissions that are caused by human activities.
Also includes emissions of GHG precursors
and aerosols.

Atmospheric concentration: Ameasure used
by climate scientists to register the level of
greenhouse gases in Earth’s atmosphere.
Atmospheric concentration is most often
measured in parts per million of carbon diox-
ide and can be tracked over time to under-
stand trends and make projections.

Baseline: A level or year against which sub-
sequent greenhouse gas emission levels and
concentrations are measured, especially in
the context of emission reductions. For exam-
ple, the Kyoto Protocol calls for 5-percent
reductions in human-caused greenhouse gases
below 1990 levels (the baseline) by the
2008–12 period.

Black carbon: Soot and other aerosol parti-
cles that come from the incomplete com-
bustion of fossil fuels. Black carbon increases
atmospheric warming by lowering the reflec-
tivity of snow, clouds, and other surfaces and
by absorbing heat from the sun. Some sci-
entists believe that black carbon plays a large
role in climate change and that reducing it
may be one of the best opportunities to slow
climate change in the short run.

Cap and trade: An approach to limiting
greenhouse gas emissions that sets a maxi-
mum emissions level (a cap) for a region or
nation and that requires participating emitters
to obtain permits to pollute. Companies or
governmental jurisdictions with extra pollu-
tion permits can sell or trade them to parties
whose permits are insufficient to cover their
full emissions.

Adaptation:Changes in policies and practices
designed to deal with climate threats and
risks. Adaptation can refer to changes that
protect livelihoods, prevent loss of lives, or
protect economic assets and the environ-
ment. Examples include changing agricul-
tural crops to deal with changing seasons and
weather patterns, increasing water conserva-
tion to deal with changing rainfall levels, and
developing medicines and preventive behav-
iors to deal with spreading diseases.

Additionality: Emissions reductions that
are greater than would have occurred under
a business-as-usual scenario. For example,
in order for emission credits to be awarded,
projects under the Clean Development
Mechanism and Joint Implementation must
show that any emissions reductions are in
addition to what would have occurred with-
out the project. Additionality can also be
used to describe other added benefits from
the projects, including funding, investment,
and technology.

Annex countries: Groups of nations (for
example, Annex 1 or Annex B) with different
obligations under international climate agree-
ments. Under the U.N. Framework Conven-
tion on Climate Change, Annex 1 countries
include industrial countries and economies in
transition that agreed to reduce their green-
house gas emissions to 1990 levels collectively.
Annex 2 countries are industrial countries that
committed to help developing countries by
providing them with technology, financial
assistance, and other resources. Annex B coun-
tries have assigned emission reduction targets
under the Kyoto Protocol. The category non-
Annex 1 includes countries that are the most
vulnerable to climate change. Some countries
are included in more than one Annex.

Glossary: 38 KeyTerms for Understanding Climate Change
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for consumers, or other initiatives.

Clean Development Mechanism (CDM): A
mechanism under the Kyoto Protocol that
allows industrial countries to meet their emis-
sion reduction targets by investing in low- or
no-emission projects in developing nations.
The CDM also aims to stimulate investment
in developing countries.

Conference of the Parties (COP): Regular
meetings of governments that have signed an
international treaty to discuss its status and
possible revision. The fifteenth COP of the
UNFCCC will be held in Copenhagen 30
November – 11 December 2009.

Emission Reduction Unit (ERU): One
metric ton of carbon dioxide equivalent that
is reduced or sequestered. Under the Clean
Development Mechanism, industrial countries
earn certified emission reduction units (CERs)
for projects in developing countries that can
be applied toward their national reduction tar-
gets. Countries can also earn emission reduc-
tion units under the Joint Implementation
mechanism.

Emission trading: A market approach to
reducing greenhouse gas emissions. Trading
allows parties that emit less than their allowed
emissions to trade or sell excess pollution
credits to other parties that emit more than
they are allowed. The European Union Emis-
sions Trading Scheme (EU-ETS) is a manda-
tory emission trading scheme currently in
place; the Chicago Climate Exchange (CCX)
is a voluntary trading program.

Forcing: Changes to the climate system that
are caused by natural (volcanic eruptions, for
example) or human-caused (such as green-
house gas emissions) factors. Scientifically,
radiative forcing measures changes to the

Carbon capture and storage (CCS): A
process in which carbon dioxide is separated
and captured during energy production or
industrial processes and subsequently stored
(often by pumping it underground) rather
than released into the atmosphere. Also
known as carbon capture and sequestration.

Carbon dioxide (CO2): The most wide-
spread greenhouse gas. CO2 is released to
the atmosphere through natural and human
activities, including fossil fuel and biomass
burning, industrial processes, and changes
to land use, among others.

Carbon dioxide equivalent (CO2eq): A unit
of measurement used to compare the climate
effects of all greenhouse gases to each other.
CO2eq is calculated by multiplying the quan-
tity of a greenhouse gas by its global warm-
ing potential.

Carbon dioxide intensity and carbon diox-
ide per capita: Alternatives to total emis-
sions for measuring a nation’s greenhouse
gas emissions. Carbon intensity measures
emissions per unit of gross domestic product.
CO2 per capita measures emissions per per-
son. Both measures can be used to look at
emission differences between nations. For
example, while China has recently taken the
lead in total greenhouse gas emissions, its
per capita emissions level is far lower than that
in most industrial countries.

Carbon tax: A tax levied on carbon dioxide
emissions that aims to reduce the total
amount of greenhouse gas emissions by set-
ting a price on pollution. A carbon tax can be
used independently or in conjunction with
other emissions controls such as a carbon
cap. The tax generates revenue that can be
used to underwrite further emissions reduc-
tions, technology development, cost relief



natural energy balance of Earth’s atmosphere
that affect surface temperature. So named
because it measures incoming solar radiation
against outgoing thermal radiation, radiative
forcing is expressed as a rate of energy change
in watts per square meter. Human-caused
forcing factors like greenhouse gases have a
positive radiative forcing and cause surface
temperature to heat. Other such factors,
including some aerosols, have a negative
radiative forcing and cause surface tempera-
ture to cool.

Global warming potential (GWP): A mea-
surement of the relative strength and potency
of a greenhouse gas as well as its projected life
span in the atmosphere. GWP is based on car-
bon dioxide, the most common greenhouse
gas, and allows comparisons among different
greenhouse gases.

Greenhouse development rights: Within
the context of climate change obligations,
the principle that all societies have a funda-
mental right to reduce poverty, achieve food
security, increase literacy and education rates,
and pursue other development goals. Societies
or countries below a certain income level are
excluded from greenhouse gas emission
reduction scenarios and are expected to con-
centrate their resources on raising their stan-
dard of living rather than lowering emissions.

Greenhouse gases (GHGs): Atmospheric
gases that cause climate change by trapping
heat from the sun in Earth’s atmosphere—
that is, produce the greenhouse effect. The
most common greenhouse gases are carbon
dioxide, methane, nitrous oxide, ozone, and
water vapor.

Intergovernmental Panel on Climate
Change (IPCC): The international scien-
tific body established by the World Meteo-

rological Organization and the U.N. Envi-
ronment Programme in 1988 to provide an
objective and neutral source of information
on climate change. The IPCC releases peri-
odic assessment reports that are reviewed
and approved by experts and governments.

Joint Implementation (JI): An initiative of
the Kyoto Protocol that allows industrial
countries to earn emission reduction credits by
investing in reduction projects in other indus-
trial countries. JI is related to the Clean Devel-
opmentMechanism, which involves reduction
projects in developing countries. Many JI
projects are located in Eastern Europe.

Kyoto Protocol: A binding agreement that
requires 37 countries and the European Com-
munity to reduce their human-caused green-
house gas emissions 5 percent collectively
from 1990 levels in the period 2008–12. It
was adopted in 1997 under the U.N. Frame-
work Convention on Climate Change and lays
out specific steps countries must take to com-
ply. More than 180 countries have signed
the protocol, which entered into force on
16 February 2005.

Land use, land use change, and forestry
(LULUCF): Land use is the set of activities
that occur on any given parcel of land, such
as grazing, forestry, or urban living. Changes
to land use such as converting forestland to
agriculture can release significant amounts
of greenhouse gases. These activities are con-
sidered during climate negotiations and when
planning emission reductions.

Mean sea level: The average global sea level
over time. Mean sea level eliminates varia-
tions due to tides, waves, and other distur-
bances. Sea level is affected by the shape of
ocean basins, changes in water quantity, and
changes in water density. Climate change is
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expected to raise sea level by increasing glac-
ier melts and sea temperatures.

Mitigation: Policies and behaviors designed
to reduce greenhouse gases and increase car-
bon sinks.

Models, predictions, and pathways: Tools
for analyzing alternative climate futures. Sci-
entists use climate and atmospheric model-
ing to understand how the climate works
and how greenhouse gas concentrations and
other triggers lead to climate change. Mod-
els help scientists make predictions about
climate changes resulting from biological,
physical, and chemical variables such as
greenhouse gas emissions and land use
changes. Emission pathway scenarios are
developed to understand what emission lim-
its are needed to meet climate stabilization
points, such as avoiding a 2-degree rise in
surface temperature.

Parts per million (ppm): A ratio-based mea-
sure of the concentration of greenhouse gases
in the atmosphere. Carbon dioxide is usually
measured in parts per million; in 2007 the
atmospheric concentration of carbon dioxide
passed 384 ppm, an increase of more than
100 ppm since 1750. Other less widespread
greenhouse gases may be measured in parts
per billion or parts per trillion.

Peak date: The year that atmospheric con-
centrations of greenhouse gases must stop
growing and begin declining if a given target
concentration is to be achieved.

Reducing emissions from deforestation
and degradation (REDD): A policy that
aims to reduce greenhouse gas emissions
from deforestation and forest degradation. In
principle, REDD provides financial incen-
tives for countries to maintain and preserve

forestlands as carbon sinks rather than cutting
them down. In December 2007, climate
change negotiators in Bali agreed to con-
sider including REDD as part of a new climate
change agreement.

Resilience: The ability of natural or human
systems to survive in the face of great change.
To be resilient, a system must be able to
adapt to changing circumstances and develop
new ways to thrive. In ecological terms,
resilience has been used to describe the abil-
ity of natural systems to return to equilibrium
after adapting to changes. In climate change,
resilience can also convey the capacity and
ability of society to make necessary adapta-
tions to a changing world—and not neces-
sarily structures that will carry forward the
status quo. In this perspective, resilience
affords an opportunity to make systemic
changes during adaptation, such as address-
ing social inequalities.

Sink: An activity, mechanism, or process that
removes greenhouse gases, their precursors,
or other small aerosols from the atmosphere.
Removals typically occur in forests (which
remove carbon dioxide from the atmosphere
during photosynthesis), soils, and oceans.

Stabilization: The point at which the cli-
mate is stable and not undergoing addi-
tional systemic changes. Often discussed as
carbon dioxide stabilization and measured as
concentration of carbon dioxide in the
atmosphere.

Surface temperature (global): An estimate
of the average surface air temperature across
the globe. When estimating climate change
over time, only abnormal changes to the
mean surface temperature—not daily, sea-
sonal, or other common variations—are
measured. Global surface temperature is
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most commonly expressed as a combina-
tion of land and sea temperature.

Technology transfer: The flow of knowl-
edge, equipment, and resources among stake-
holders that helps countries, communities,
firms, or other entities adapt to or mitigate cli-
mate change.

UNFCCC:United Nations Framework Con-
vention on Climate Change. Adopted on 9
May 1992 and signed at the Rio de Janeiro
Earth Summit, the convention established
general principles to stabilize greenhouse gas
concentrations and prevent dangerous

human-caused interference with the climate
system. The treaty includes requirements
such as preparing national inventories of
GHG emissions and a commitment to reduce
emissions to 1990 levels. The convention has
nearly universal membership, with more than
190 signatory countries.

Vulnerability: The degree to which an
ecosystem or society faces survival risks due
to adverse climate changes. Vulnerability
includes susceptibility as well as the ability to
adapt. The level of vulnerability determines
whether an ecosystem or society can be
resilient in the face of climate change.
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