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Introduction





There is growing worldwide mo-

mentum to address the problem of climate 

change, one of the widest-reaching chal-

lenges modern society has faced. But we did 

not reach our current level of global concern 

without bumps and bruises along the way.

The natural greenhouse effect and its 

intensification by human-induced (anthro-

pogenic) emissions of greenhouse gases are 

well understood and solidly grounded in 

basic science. This conclusion is a robust 

finding of the mainstream climate-science 

community. Yet, despite the preponderance 
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of evidence, a number of interest groups—and 

some scientists—still do not accept the well-

established evidence of the last 40 years of an-

thropogenic global warming. 

Unfortunately, the media often treat these 

skeptics as credible experts, and they are given 

equal billing with mainstream scientists. One 

result is public confusion, which contributes 

to an already heated dispute. Climate change 

is not just an area of scientific study, but also a 

matter of public and political debate. Respond-

ing to climate change will fundamentally affect 

natural systems, energy production, transporta-

tion, industry, government policies, develop-

ment strategies, population-growth planning, 

distributional equity, and individual freedoms 

and responsibilities around the world—in 

short, the well-being of human and ecologi-

cal systems. Decisions on the scale and timing 

of climate policy will entail an array of costs 

and benefits for stakeholder communities with 
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conflicting priorities. Moreover, all of this will 

play out in a background of varying degrees of 

knowledge, and thus inherent uncertainties. 

Some of these uncertainties can be resolved 

by normal scientific investigations in the next 

decade or two. Others are almost guaranteed 

to remain until long after we are committed to 

cope with changes that can neither be predicted 

with high confidence, nor reversed after they 

are confidently detected. This poses a major 

challenge for planetary-scale governance of our 

development pathways.

Policymakers, lobbyists, financial interests, 

environmental advocates, and climate contrar-

ians have struggled mightily to turn the weight 

of public opinion—and the funds controlled by 

it—in their preferred directions. Most main-

stream scientists have countered with the meth-

ods at their disposal: research to increase un-

derstanding and predictive capacity, responsible 

reporting of research data, best-practice theory, 
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international cooperation, and calls for policy 

consideration. Decision-makers, faced with 

myriad claimants of “truth,” have come to rely 

on institutions that assess the relative cred-

ibility of the claims. Most countries use their 

own academies of science for assessments at 

national scales.

But the difficulties of international coop-

eration demand an international effort. For 

this reason, in 1988 the United Nations En-

vironment Program and the World Meteoro-

logical Organization established the Intergov-

ernmental Panel on Climate Change (IPCC). 

Every five to six years, the IPCC publishes its 

peer-reviewed, world governments–approved 

Assessment Report, which presents the best 

approximation of a global consensus on cli-

mate-change science. 

Each report includes an assessment of the 

likelihood that its major conclusions will come 

to pass, and a rating of the authors’ confidence 
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in the science underlying that assessment. This 

practice clearly separates the more probable 

outcomes from those that are more specula-

tive. Both experts and governments extensively 

review drafts of the reports during the develop-

ment process, and a final Summary for Policy 

Makers (SPM) is approved in a “Plenary” pro-

cess in which hundreds of government del-

egates work with the lead-scientist authors to 

determine precise wording. It is difficult to 

get all parties to agree on language, and the 

process inevitably eliminates outlier positions 

from both sides of the bell curve, but the con-

sensus on the SPM allows “buy-in” from most 

national governments on the basic conclusions 

of the IPCC assessment reports.

Diverse Interests, Uncertain Outcomes
There is now overwhelming evidence for hu-

man-caused climate change. The science dem-

onstrating a significant warming trend over the 
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past century is settled. The most recent report—

the Fourth IPCC Assessment Report (AR4), in 

2007—called it “unequivocal.” Moreover, it is 

essentially settled that the past four decades of 

warming largely have been caused by human ac-

tivity—IPCC AR4 called it “very likely”—and 

that much more warming is in store for the 21st 

century given that emissions continue to rise. 

But how much warming can we expect, and 

how intense will the effects be?

On these questions, the scientific literature 

cannot provide the same level of confidence. The 

uncertainty estimates over how severe warming 

and its impacts will be by 2100 vary by a whop-

ping factor of six. In part, this is due to uncer-

tainty about the likely response of the climate 

system to the future trajectory of greenhouse-

gas emissions. But a larger factor is uncertainty 

about the trajectory itself, which is dependent on 

future socioeconomic development and policy 

decisions that affect emissions.
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The policy task, then, is to manage the un-

certainty rather than wait an indefinite period 

to try to master it. This kind of risk-manage-

ment framework often is employed in defense, 

health, business, and environmental decision-

making. The IPCC, therefore, has focused on 

assessing scientific research detailing the threats 

posed by climate change at different magni-

tudes of future change, how likely those mag-

nitudes of climate change are to materialize 

under various “business-as-usual” scenarios, 

and potential response strategies. These pro-

jections suggest that business-as-usual entails 

a variety of potential dangers.

The IPCC has been an important factor in 

motivating governments to consider reducing 

emissions of greenhouse gases. Not surpris-

ingly, those whose financial interests rely on 

emissions have tried, usually unsuccessfully, 

to besmirch the credibility of IPCC science. 

Failing that, they have turned more recently 
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to attacking IPCC processes and procedures, 

or individual scientists. These campaigns have 

been more successful. 

For example, a small but highly politically 

damaging number of errors in IPCC conclu-

sions were uncovered after the publication of 

the AR4 in 2007. Most notably, one conclu-

sion was based on a weak, non-scientific refer-

ence that suggested a specific date—2035—for 

melting of Himalayan glaciers. There is currently 

no way to estimate with high confidence the 

levels of warming that would trigger this seri-

ous consequence or the rate at which it would 

unfold, even if set in motion. Given the uncer-

tainties, no single number can be assigned any 

confidence—there must be a range of outcomes. 

But the erroneous conclusion remained in the 

Report undetected, and amid the fallout many 

missed the Report’s correct conclusion that, ac-

cording to high-confidence observations, the 

Himalayan glaciers were indeed melting. 
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Many in the media and nearly all of the 

opponents of IPCC conclusions attacked the 

credibility of climate science in general and of 

the IPCC in particular. Some even claimed 

that the errors were deliberate exaggerations 

designed to attract research funding. It is of 

course a legitimate news story that scientists 

make mistakes and that improved procedures 

to reduce error rates are needed. But few stories 

or attacks on the IPCC mentioned that this 

small number of errors appeared among thou-

sands of pages of assessment and hundreds of 

conclusions that have not been challenged. In 

fact, the IPCC procedures include guidelines 

on the treatment of uncertainties intended in 

part to avoid such potential errors. In the vast 

majority of cases, the IPCC’s guidelines worked 

as intended. The IPCC track record for accu-

rately reporting the state of the science and the 

scientific confidence that can be attributed to 

various conclusions is unprecedented among 
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assessment activities for complex systems. Cer-

tainly the worlds of finance, security, and health 

have nowhere near as high a percentage of un-

challenged conclusions.

As already noted, significant uncertain-

ties plague projections of climate change and 

its consequences. Science strives to overcome 

uncertainty through data collection, research, 

modeling, simulation, and other information-

gathering approaches, and continuing research 

into the climate system will eventually reduce 

uncertainty about the effects of increasing at-

mospheric concentrations of greenhouse gases. 

But given the complexity of the global climate 

system, many decades’ worth of high-quality 

data will have to be carefully analyzed.

Meanwhile, even the most optimistic busi-

ness-as-usual emissions trajectory is projected 

to result in some potentially dangerous climate 

impacts for certain regions, sectors, and groups. 

That means we cannot avoid making policy 
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decisions before significant uncertainties are 

resolved. Risk analysis—the scientific assess-

ment of the consequences of potential out-

comes and their probability of occurrence—is 

then distinguished from the more value-laden 

job of risk management—choosing how to 

hedge against the risks identified in the scien-

tific-assessment process.

Extensive and sustained global action is 

required to cope with climate impacts already 

in the pipeline and to prevent even more dam-

aging climate change in the coming decades. 

The aim is clear: reduce the growth of green-

house-gas emissions and eventually bring those 

emissions significantly below current levels. In 

contemporary policy debates, efforts to achieve 

this goal are called mitigation.

It is also clear, however, that mitigation 

will not be enough to address the climate 

problem. Even with aggressive global efforts 

to reduce emissions, the earth’s climate will 
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continue to change significantly for many de-

cades at least, due to past emissions and the 

inertia of social and physical systems. Signifi-

cant impacts resulting from climate change 

are already evident, and they pose increasing 

risks for many vulnerable populations and 

regions. 

Alongside mitigation, then, we also need 

policies focused on adaptation, on making sen-

sible adjustments to the unavoidable changes 

that we now face. And we must coordinate 

adaptation with mitigation, as the success of 

each will depend on the other. Today’s efforts 

to reduce emissions will, in due course, deter-

mine the severity of climate change, and thus 

the degree of adaptation required—or even 

possible—in the future. At the same time, a 

better understanding of the levels of climate 

change to which adaptation is difficult will 

help to shape our judgments about how much 

mitigation is required.
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This book outlines the challenge society 

faces in addressing climate change in all its di-

mensions. We begin with an overview of the 

science of climate change and its potential im-

pacts, continue with a discussion of strategies 

for responding to climate change—adaptation 

and mitigation—and conclude with a call for 

bottom-up/top-down vulnerability assessment, 
which brings together bottom-up knowledge 

of existing vulnerabilities and top-down cli-

mate-impact projections. Together these pro-

vide a transparent basis for informing decisions 

intended to reduce vulnerability, particularly 

adaptation decisions.





I
The Scientific Consensus





Since the second half of the nine-

teenth century, global temperatures have been 

on the rise. The increase in global average sur-

face temperature, as estimated by the IPCC, 

is around 0.75°C (~1.4°F). Twelve of the thir-

teen years leading up to 2009 are the twelve 

warmest years on record. There is now over-

whelming scientific evidence of a human fin-

gerprint on this global warming. 

Many impacts of warming can be—and 

have been—observed: the melting of moun-

tain glaciers, the Greenland ice sheets and 

parts of the West Antarctic ice sheets, and 
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northern polar sea ice; rising and increasingly 

acidic seas; increasing severity of droughts, heat 

waves, fires, and hurricanes (the intensity and/

or frequency of extreme events can change sub-

stantially with small changes in average con-

ditions); and changing lifecycles and ranges 

of plants and animals. The primary driver, 

particularly of the rapid warming since the 

1970s, is emissions of greenhouse gases, such 

as carbon dioxide and methane, generated by 

human activities. The burning of fossil fuels is 

the greatest contributor of greenhouse gases, 

but agricultural practices, deforestation, and 

cement production also play a role.

The Warming Planet
The greenhouse effect and its intensifica-

tion by human-induced emissions are well 

understood and solidly grounded in basic 

science. The potential of carbon dioxide in 

the atmosphere to trap radiant heat was pro-
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posed as early as 1827 by the French math-

ematician and physicist Joseph Fourier. In 

1896 the Swedish chemist Svante Arrhenius 

dubbed this the greenhouse effect. Arrhenius 

was the first to argue that anthropogenic in-

creases in the level of carbon dioxide in the 

atmosphere could significantly affect surface 

temperature.

So how does it work? Earth’s atmosphere is 

moderately transparent to visible light. About 

half of the radiant energy from the sun pen-

etrates the atmosphere and is absorbed by the 

Earth’s surface. The other half either is absorbed 

by the atmosphere or reflected back to space 

by clouds, atmospheric gases, aerosols, and the 

Earth’s surface. The absorbed energy warms the 

surface and atmosphere, which re-emit energy 

as infrared radiation. To stay in energy bal-

ance, the Earth must radiate back to space as 

much energy as it absorbs, but the atmosphere 

is much less transparent to infrared radiation. 
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Carbon dioxide and other greenhouse gases 

and clouds absorb 80-90 percent of the infra-

red radiation emitted at the surface and re-emit 

energy in all directions, both up to space and 

back toward the Earth’s surface.

Thus, some infrared radiant energy is 

trapped, heating the lower layers of the at-

mosphere and warming the surface further. 

As it warms, the surface emits infrared radia-

tion upward at a still greater rate, and so on, 

until the infrared radiation emitted to space is 

in balance with the absorbed radiant energy 

from sunlight and the other forms of energy 

coming and going from the surface (for ex-

ample, rising plumes of convective energy, or 

evaporated water vapor that carries a great deal 

of latent chemical energy from the surface to 

the clouds where it is released in the conden-

sation process).

The natural greenhouse effect makes our 

planet much more habitable—about 33°C 
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warmer than it otherwise would be. But hu-

man activities are increasing the concentra-

tions of greenhouse gases in the atmosphere 

directly and indirectly, thus intensifying the 

greenhouse effect. The indirect effect primar-

ily stems from the extra evaporation of water 

from a warmed surface, a feedback that adds 

more water vapor—a greenhouse gas—to the 

atmosphere, warming the surface further. These 

amplifying influences are called positive feed-
backs in radiative forcing, since the net effect of 

the addition of greenhouse gases when averaged 

over the globe is to trap extra heat, which in 

turn increases temperatures in order to restore 

energy balance. Greenhouse gases commonly 

emitted in human activities include carbon 

dioxide, methane, nitrous oxide, and a host 

of industrial gases such as chlorofluorocarbons 

that do not appear naturally in the atmosphere. 

Indirectly, humans also generate ozone in the 

lower atmosphere. The concentration of ozone, 
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a health-damaging component of smog, is in-

creasing with atmospheric warming and con-

tinued burning of fossil fuels.

These same activities—fuel combustion, 

and, to a lesser extent, agricultural and in-

dustrial processes—also produce emissions of 

aerosol particles. Many aerosols directly reflect 

incoming solar energy upward toward space, 

a negative radiative forcing, or cooling effect. 

Aerosol particles also affect the color, size, and 

number of cloud droplets, in aggregate, a nega-

tive forcing. Some dark aerosols, such as soot, 

absorb solar energy, a positive forcing if they 

darken the planet enough to cause more sun-

light to be absorbed. Another indirect effect 

is soot falling on snow and ice, darkening it 

and thus accelerating melting. Many land-use 

activities, such as deforestation, contribute to 

greenhouse-gas emissions, a positive forcing, 

but they also can change the Earth’s albedo, or 

reflectivity, in aggregate, again, a negative forc-
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ing. However, deforested surfaces may warm 

locally due to the removal of evapo-transpiring 

vegetation that cools the surface.*

The best available estimate of the com-

bined influence of all human activities to date 

is strongly positive. Its magnitude is roughly 

equivalent to the positive radiative forcing of 

increased carbon dioxide concentrations alone, 

with the positive forcing of the non-carbon 

dioxide greenhouse gases and dark aerosols 

roughly offset by the negative forcing of di-

rect and indirect aerosol effects and land-use 

changes, though the many uncertainties in-

volved mean that precise estimates are not yet 

possible with high confidence. However, we 

can be highly confident that the overall effect 

is positive, and thus that human activities are 

contributing to observed warming.

* For more on radiative forcing, aerosols, albedo feed-
backs, and other details, see the resources in the “Further 
Reading” section.
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What besides human activities could be at 

work in the warming of the planet?  Many nat-

ural processes affect the Earth’s energy balance 

and therefore climate, which varied a great deal 

in the distant past. Aerosols ejected from large 

explosive volcanic eruptions can remain in the 

stratosphere for several years, all the while cool-

ing the lower atmosphere by a few tenths of a 

degree. Changing solar output can alter tem-

peratures by similar amount over the course of 

decades, and the sunspot cycle has a small, but 

discernible effect on solar output (~0.1 percent). 

Some scientists and interested parties champion 

these natural processes as the primary sources of 

warming in our own era. But natural processes 

alone do not cause a sufficiently sustained radia-

tive forcing to explain more than a small fraction 

of the observed warming of the past 40 years. 

On the other hand, anthropogenic forces can 

explain a much higher fraction of what has been 

observed over that period. 
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Examining climates of the more distant past 

allows scientists to compare the current changes 

to earlier natural ones. Scientists use proxies 

that provide a window into those natural fluc-

tuations. Proxies such as tree rings and pollen 

percentages in lake beds indicate that current 

temperatures are the warmest of the millennium 

and that the rate and magnitude of warming 

likely have been greater in the past 150 years 

than during the rest of this period. Ice cores 

bored in Greenland and Antarctica provide es-

timates of both temperature and atmospheric 

greenhouse gases going back hundreds of thou-

sands of years, spanning several cycles of warmth 

(5,000-20,000 year “interglacials”) separated by 

ice ages up to 100,000 years in duration. Not 

only do the samples indicate a strong correlation 

between temperature and atmospheric green-

house-gas concentrations—particularly carbon 

dioxide and methane—the samples also indi-

cate that current levels of carbon dioxide and 
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other greenhouse gases in the atmosphere are 

far above any seen in at least the past 650,000 

years. Ice cores also provide information about 

volcanic eruptions and variations in solar energy, 

furthering understanding of these natural forc-

ing mechanisms described above. 

There are many other lines of evidence of 

the human “fingerprint” on observed warm-

ing trends. To give one more example, the 

Earth’s stratosphere has cooled while the sur-

face has warmed, an indicator of increased 

concentrations of atmospheric greenhouse 

gases and stratospheric ozone-depleting sub-

stances rather than, for example, an increase 

in the energy output of the sun, which should 

warm all levels of the atmosphere. Combined, 

the present-day observations and the data pro-

vided by proxies have led the IPCC to con-

clude that it is very likely (there is at least a 

90 percent chance) that human activities are 

responsible for most of the warming observed 
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over the twentieth century, particularly that 

of the last 40 years. 

Nevertheless, the future course of climate 

change is deeply uncertain because we don’t 

know how much more greenhouse gases hu-

mans will emit or exactly how the natural cli-

mate system will respond to those emissions. 

Policy decisions can strongly influence the first 

source of uncertainty (future emissions), but 

will have little influence on the second (climate 

response to emissions).

Modeling Climate Change
This uncertainty means that projecting fu-

ture climate change is a complex, imprecise 

task. There is a range of plausible futures. Using 

computer models that describe mathematically 

the physical, biological, and chemical processes 

that determine climate, scientists try to project 

the response of the climate to future scenarios 

of greenhouse-gas emissions. The ideal model 
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would include all processes known to have cli-

matological significance and would involve 

spatial and temporal detail sufficient to model 

phenomena occurring over small geographic 

regions and over short time periods. 

Today’s best models strive to approach this 

ideal but still rely on many approximations 

because of computational limits and incom-

plete understanding of climatically important 

small-scale phenomena, such as clouds. The 

resolution of current models is limited to a 

geographic grid-box of roughly 50-100 kilome-

ters horizontally and one kilometer vertically. 

Because all physical, chemical, and biological 

properties are averaged over each grid-box, it 

is impossible to represent “sub-grid-scale” phe-

nomena explicitly within a model. In other 

words, the specific climatic goings-on within 

the grid-box must be approximated.

But sub-grid-scale phenomena can be in-

corporated implicitly by a parametric repre-
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sentation. This “parameterization” connects 

sub-grid-scale processes to explicitly modeled 

grid-box averages via semi-empirical rules de-

signed to capture the major interactions be-

tween these scales. Developing and testing pa-

rameterizations to assess the degree to which 

they can reliably incorporate sub-grid-scale 

processes is one of the most arduous and im-

portant tasks of climate modelers. The best 

models reproduce approximately, although 

not completely accurately, the detailed geo-

graphic patterns of temperature, precipitation, 

and other climatic variables seen on a regional 

scale, and can project changes in those pat-

terns given scenarios for future greenhouse-

gas emissions. 

IPCC AR4, of which both of us were au-

thors, includes climate-model projections based 

upon six “storylines,” possible future worlds 

that come about under different assumptions 

about population growth, levels of economic 
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development, and technological advancement 

and deployment. In one scenario, the IPCC 

assumes heavy reliance on fossil fuels and sig-

nificantly increasing emissions during the cen-

tury, and projects further global average surface 

warming of 2.4-6.4°C by the year 2100. In a 

second scenario, emissions grow more slowly, 

peak around 2050, and then fall, with expected 

warming of 1.1-2.9°C by the year 2100. The 

difference between the temperature ranges for 

the first and second scenarios reflects the influ-

ence of different trajectories for future green-

house-gas emissions and climatic responses to 

those emissions: how much will temperatures 

increase for a given increase in concentrations 

(how sensitive is the climate to radiative forc-

ing)? And how will the carbon cycle and the 

uptake of carbon dioxide by the ocean and by 

terrestrial ecosystems be altered by changing 

temperature and atmospheric greenhouse-gas 

concentrations?
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These different projections for warming 

imply very different climate-change risks, af-

fecting other climate variables (for example, 

precipitation patterns) as well as the likelihood 

of severe impacts. Warming at the high end of 

the range could have widespread catastrophic 

consequences and very few benefits, save the 

viability of shipping routes across an ice-free 

Arctic Ocean, or the possibility of expanded 

oil exploration in that sensitive region. Five to 

seven degrees Celsius of warming on a glob-

ally averaged basis is about the difference be-

tween an ice age and an interglacial period; in 

this case, the change would occur in merely a 

century or so rather than over millennia as in 

the paleo-climatic history of ice-age cycles not 

influenced by human activities.

Warming at the low end of the range (a few 

degrees Celsius) would be less damaging, but 

would still be significant for some communi-

ties, sectors, and natural ecosystems. Human 
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civilization has grown in an age in which global 

temperatures were never more than a degree or 

two warmer than now, thus warming exceeding 

a degree or two is unprecedented in our entire 

historical experience. Indeed, some systems 

have already shown worrisome responses to 

the ~0.75 o C warming over the past century. 

Alarmingly, actual emissions of the past ten 

years (except for a year or so of temporary de-

cline during the economic recession of 2008-

9) exceed the assumptions of even the high-

est of the IPCC scenarios, which were crafted 

in 2000. This suggests that large increases in 

greenhouse-gas concentrations are in store in 

the next several decades unless rapid action is 

taken to reduce emissions.
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II
Impacts





Most of us think about climate 

in local terms. The Caribbean has great 

weather—warm days and cool nights, plenty 

of sunshine, blue skies. It’s much nicer than 

dreary London or parched Dubai. All of 

these local conditions, however, are the 

products of an enormously complex global 

system in which myriad variables contribute 

to a diverse set of climates and ecosystems. 

That diversity has been relatively stable for 

the past several thousand years—until hu-

mans dramatically expanded their popu-

lation size and economic activities. Now, 
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major alterations to land surfaces, chemical 

composition of soils, air, and water and accel-

erating changes in global average temperature, 

even seemingly small changes, are upsetting 

that relative stability, affecting local conditions 

all over the planet. 

The IPCC AR4 summarized many pro-

jected impacts of climate change for specific 

regions and highlighted “key vulnerabilities.” 

These include the loss of glaciers, melting 

ice sheets, and other factors that produce 

rising seas, which could inundate low-lying 

coastal areas and small island nations around 

the world; escalating infectious disease trans-

mission; increases in the severity of extreme 

events such as heat waves, storms, floods, and 

droughts; large drops in farming productivity, 

especially in hotter areas; the loss of cultural 

diversity as people are driven from their his-

torical communities; and an escalating rate of 

species extinction. 
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Not Just Theoretical
Many of the types of problems discussed 

in the IPCC Report can be witnessed in their 

early stages today.

As glaciers melt, sea level rises and water 

in turn becomes scarcer in regions that depend 

heavily on glacier water during their dry sea-

sons. In South America a significant fraction 

of the population west of the Andes could be 

at risk due to shrinking glaciers. According to 

a 2005 study from researchers at the Univer-

sity of San Diego, glacier-covered areas in Peru 

have shrunk by 25 percent in the past three de-

cades. The authors note, “at current rates some 

of the glaciers may disappear in a few decades, 

if not sooner” and warn that fossil water lost 

through glacial melting will not be replaced in 

the foreseeable future. China, India, and other 

parts of Asia are also vulnerable. The ice mass 

in the region’s mountainous area is the third 

largest on Earth following Arctic-Greenland 
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and Antarctica, and as its glaciers diminish 

in the coming decades, decreasing water sup-

plies will affect vast populations. The Chinese 

Academy of Sciences has announced that the 

glaciers of the Tibetan plateau are vanishing 

so fast that they will shrink by half every de-

cade. Researchers estimate that enough water 

permanently melts from them each year to fill 

the entire Yellow River.

While some worry about their dwindling 

water supplies, others, particularly vulnera-

ble populations and those with little capacity 

to adapt, have begun to experience the direct 

health impacts of climate change acutely. For 

example, the increased frequency and intensity 

of heat waves put small children and the elderly 

at risk, especially where air conditioning is un-

available or unaffordable. Devastating events 

such as the 2003 European heat wave—now 

linked to the premature deaths of some 50,000 

people—illustrate the dangers that exist even 
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in developed countries. Increases in the fre-

quency and/or intensity of floods, hurricanes, 

fires, and other extreme events are also trou-

bling. The immediate effects of, say, wildfires 

are obvious, but the indirect impacts can be 

more damaging to health: smoke degrades air 

quality, exacerbating respiratory illnesses of 

millions in downwind areas. 

 In some regions—particularly the Arctic, 

where surface air temperatures have warmed at 

approximately twice the global rate—changing 

climate patterns are threatening entire ways of 

life. The island village of Shishmaref, off the 

coast of northern Alaska, has been inhabited 

for 4000 years. Its 600 current residents are 

facing the very real possibility of exile. Rising 

temperatures are melting sea ice, thereby al-

lowing higher storm surges to reach the shore. 

Permafrost is thawing along the coast, increas-

ing shoreline erosion and undermining homes 

and water systems. The absence of sea ice in 
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the fall makes traveling to the mainland to 

hunt moose and caribou more difficult. Inuit 

hunters in Canada’s Nunavut Territory report 

thinning sea ice, declining numbers of ringed 

seals, and new insect and bird species in their 

region. In the western Canadian Arctic, Inu-

vialuit are observing more thunderstorms and 

lightning—formerly very rare in this region. 

Norwegian Saami reindeer herders report that 

prevailing winds they rely on for navigation 

have shifted and become more variable, forc-

ing them to change their traditional travel 

routes. Unpredictable weather, snow, and ice 

conditions make travel hazardous, endangering 

lives. The precise links of these local changes in 

weather patterns to climate change are difficult 

to establish, but the ill effects are illustrative of 

the broader risks of extreme events and chang-

ing climate patterns.

With regard to biodiversity, climate changes 

are having potentially irreversible effects on 
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plant and animal habitats and lifecycles, forcing 

some species poleward or up mountain slopes, 

and hastening the arrival of certain biological 

events each spring. Depending on the severity 

of its impacts and the rates of response among 

different individual species, climate change 

could pull apart the natural functioning of ex-

isting plant and animal communities, making 

extinctions much more likely.

For example, over the past several decades, 

warming has led to the early arrival of some 

birds that migrate in the spring. If those arriv-

als are no longer in sync with the emergence 

of vegetation needed for nesting or hatching 

of bugs that are prey for these birds, then the 

interlocked life cycles of these co-dependent 

species can be disrupted.

Such disruptions are not only a threat to 

biodiversity, but also ecosystem “goods”—sea-

food, fodder, fuel wood, timber, pharmaceutical 

products, etc.—and “services”—air and water 
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purification, flood control, pollination, waste 

detoxification and decomposition, climate mod-

eration, soil-fertility regeneration, etc.

In addition to these well-understood ef-

fects of climate change, climate change could 

trigger “surprises.” These are fast, non-linear 

climate responses, thought to occur when en-

vironmental thresholds are crossed. Some of 

these surprises could be anticipated. “Imag-

inable surprises” include the collapse of the 

North Atlantic thermohaline circulation (ocean 

currents)—which could cause significant and 

potentially rapid cooling in parts of the North 

Atlantic—and deglaciation of Greenland or the 

West Antarctic ice sheets, which would occur 

over many centuries (though would persist 

over many millennia), causing a considerable 

rise in sea level, threatening many coastal cit-

ies and low-lying coastal areas such as river 

deltas. But there is also the possibility of true 

surprises thanks to the enormous complexities 
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of the climate system and the relationships, for 

example, between oceanic, atmospheric, and 

terrestrial systems.





III
Understanding Risk





Assessing climate science, impacts, 

and policy issues rarely involves certainties. 

Instead, we consider risks—potential out-

comes associated with different levels of cli-

mate change, and the range of future climate 

change that could be induced by different 

levels of future emissions. In other words, 

what are the consequences, and what are the 

chances that they will be realized?
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Assessing risk is primarily a scientific en-

terprise, but deciding which risks to tolerate 

and which to try to avoid—“risk-manage-

ment”—is primarily a value-laden, normative 

activity appropriate to the political process. 

The climate problem is filled with deep un-

certainties, uncertainties in both likelihoods 

and consequences that are unlikely to be re-

solved to a high degree of confidence before 

we have to make decisions about dealing with 

their long-term, and in some cases potentially 

irreversible, implications. These decisions of-

ten involve strong and conflicting interests and 

high stakes.

Philosophers Silvio Funtowicz and Jerome 

Ravetz have described such problems at the in-

tersection of science and society that require 

decision-making under inherent uncertainty 

as “post-normal science.” In Thomas Kuhn’s 

“normal science,” the practice is to reduce un-

certainty through standard science: data col-
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lection, modeling, simulation, model-data 

comparisons, and so forth. The objective is to 

overcome uncertainty—to make known the 

unknown. New information, particularly re-

liable and comprehensive empirical data, may 

eventually narrow the range of uncertainty. 

According to this paradigm, further scientific 

research into the interacting processes of the 

climate system can reduce uncertainty about 

how the system will respond to increasing con-

centrations of greenhouse gases.

Post-normal science, on the other hand, 

acknowledges that while normal science con-

tinues its progress, some groups want or need 

to know the answers well before normal science 

has resolved the uncertainties surrounding the 

problem at hand. In that case, there will not 

be a clear consensus on all important scien-

tific conclusions, let alone policies to reduce 

risks that will affect different stakeholders in 

different ways. 
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Scientists Educate—Society Acts
Decision-makers must weigh the impor-

tance of climate risks against other pressing 

social issues competing for limited resources. 

Some fear that actions to control potential risks 

might unnecessarily consume resources that 

could be used for better purposes, especially if 

impacts turned out to be minimal.

This can be restated in terms of type I and 

type II errors. If governments were to apply the 

precautionary principle and act now to mitigate 

risks of climate change, they would be commit-

ting a type I error if their worries about climate 

change proved exaggerated and anthropogenic 

greenhouse-gas emissions caused little danger-

ous change. If, on the other hand, policymak-

ers chose to delay action until greater certainty 

could be established, and in the process stood 

by as serious damage occurred, they would be 

guilty of a type II error. Deciding which kind 

of error to avoid is not only a scientific activity 
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(i.e., assessing risk), but also a value judgment 

(choosing which type of risk to face).

Such debate is critical to informed poli-

cymaking, and scientists regularly engage in 

it. For example, Working Groups 1 and 2 in 

IPCC AR4 had a type I/type II debate over 

sea level–rise projections. Working Group 1 

scientists projected about one to two feet of 

rise over this century from thermal expansion 

of the oceans and one component of the melt-

ing of ice sheets in Greenland and Antarctica 

(“mass balance”). They chose to omit sea level 

rise contributions from another component of 

ice sheet melting—“dynamical melting” that 

is believed to be an important component of 

observed melting—because the existing set of 

ice-melt models were under-predicting the rate 

at which melting was actually being observed. 

Instead Working Group 1 added a caveat that 

the sea level–rise projections did not include 

the effects of dynamical melting. Since we in 
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Working Group 2 were required by govern-

ments to take a risk-management approach, we 

assigned a medium confidence ranking—one-

third to two-thirds chance—to the conclusion 

that sea level could rise four to six meters over 

centuries to millennia.

In debates with Working Group 1 col-

leagues, we argued that paleoclimatic history 

and faster-than-predicted melting require us 

to estimate, but not with high confidence, the 

concerning potential of meters of rise in centu-

ries, a relevant time frame for ports and coastal 

cities. Working Group 1 colleagues pointed 

out, correctly, that there is no scientific con-

sensus on this conclusion. However, the im-

portant consensus in this case is not on one 

specific outcome, but rather on the confidence 
we have in the scientific basis for the range of 

possible outcomes. Scientists need to report 

even a 50-50 chance of meters of rise because 

the consequences would be severe.
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Society, not scientists, should decide how to 

react to uncertain, but significant, risks. There-

fore, we believe scientific information about the 

range of possible outcomes needs to be com-

municated to decision-makers, since what to 

do about the prospect of low-probability/high-

consequence outcomes is a risk-management 

judgment that only society should make. The 

happy ending to this story is that the Work-

ing Groups agreed on a fair compromise that 

governments approved: risk of meters of sea-

level rise in centuries to millennia. This type-

I-versus-type-II-error debate ended up further 

informing governments about both the poten-

tial risks of climate change and how to frame 

arguments about it.





IV
Preparing for 

Climate Change





Even the most optimistic business-

as-usual emissions pathway is projected to 

result in some dramatic, and potentially 

dangerous, climate impacts. Therefore, de-

spite uncertainty over the future of climate 

change, we have to improve on the status 

quo. Faced with these grave risks, and great 

uncertainty, what should we do?

While we cannot know the precise tem-

perature increase and impacts of a specific 

trajectory for future emissions, we do know 

a few things with confidence. We know that 

reducing emissions will reduce the level of 
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temperature increase that would otherwise oc-

cur, and thus reduce climate-change risks: that 

is why mitigation is so important. But we also 

know that further climate change will occur 

no matter how quickly we are able to reduce 

emissions. And we know that emissions are 

increasing rapidly and are at higher levels than 

assumed in the highest IPCC scenario. The 

combination of historical and currently increas-

ing emissions has locked in further warming for 

many decades. In other words, climate change 

is happening, and we need mitigation and ad-

aptation. How can we get the right mix?

Mitigation and Adaptation
Mitigation and adaptation often are pre-

sented as trade-offs, as if pursuing one would 

deflect attention and resources from the other. 

But there is growing recognition that the two 

policies must be complementary and concur-

rent. The Copenhagen Accord (produced at the 
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United Nations Climate Change Conference in 

2009) sets 2º C above pre-industrial global sur-

face temperatures as a threshold beyond which 

further warming is unacceptable. This target is 

informed by scientific research that examines 

the potential impacts of future climate change, 

but ultimately reflects a value judgment about 

acceptable levels of risk. This is about 1.25º C 

above current levels—a very challenging target, 

given that global emissions are still growing. 

This is a central reason why we see mitigation 

and adaptation primarily as complements: what 

cannot be prevented through mitigation must 

be adapted to; what we cannot cope with by 

adaptation, we must prevent.

Mitigation can keep warming on a lower 

trajectory by preventing some of the tempera-

ture increase that would otherwise occur if we 

continued with the high-emissions trajectory 

of business as usual. Some warming, however, 

will still be associated with a lower trajectory, 
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and the impacts of this warming must be ad-

dressed by adaptation. Adaptation is a response 

to warming, not a means of slowing it. Delays 

in mitigation will lock in further warming, 

making it that much harder to adapt. Further-

more, due to the decades of inertia in both the 

climate and economic systems, the benefits of 

mitigation take time to materialize, so adapta-

tion is essential in responding to near-term cli-

mate changes. Failure to adapt could be disas-

trous for many sectors, regions, and groups.

It is also crucial to understand that mit-

igation and adaptation yield fundamentally 

different benefits. Mitigation provides long-

term, global benefits. A central challenge of 

mitigation policy, therefore, is to balance global 

factors. After all, responsibility for historical 

emissions, growth in current emissions, and 

capacity to reduce emissions vary widely among 

nations. The benefits of adaptation strategies 

are, in contrast, both more immediate and 
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more region- and sector-specific. Given the 

wide range of climate-change impacts on dif-

ferent regions, groups, and sectors, the need 

for adaptation varies widely as well.

Avenues of Adaptation
The IPCC delineates two types of adapta-

tion: autonomous and planned. Autonomous 

adaptation is not guided by policy; it is a re-

active response prompted by the impacts of 

climate change. Consider a physiological ex-

ample of autonomous adaptation: people who 

now live in warmer areas have acclimatized to 

those conditions and become less vulnerable 

to temperatures that would cause significant 

heat-related illnesses among people living in 

more temperate areas. Even so, there are lim-

its to such adaptation, particularly if warmer 

temperatures spur increased use of air con-

ditioning and therefore less acclimatization. 

Planned adaptation can be reactive too. For 
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example, since the 2003 European heat wave, 

some countries have instituted more coordi-

nated plans to deal with periods of extreme 

heat. Buying additional water rights to offset 

the impacts of a drying climate, or purchas-

ing crop insurance where available, are reac-

tive responses as well. 

Any reactive adaptation almost certainly 

will not be fast or easy. Farmers, for example, 

may resist unfamiliar practices, have difficulties 

with new technologies, or face unexpected pest 

outbreaks. Moreover, the high degree of natural 

variability of weather may mask clear identi-

fication of emerging climatic trends. Suppose 

that in a certain area, slowly building climatic 

trends will generate much wetter conditions 

over time. But farmers faced with an anoma-

lous sequence of dry years might easily mistake 

them for a new climatic regime and invest in 

maladaptive strategies such as increased water 

storage that becomes unnecessary, rather than 
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flood prevention that will be critical in the long 

term. Adaptations to slowly evolving trends 

embedded in a noisy background are likely to 

be delayed by decades, as farmers and others 

attempt to sort out true climate change from 

random climatic fluctuations. 

Another kind of planned adaptation—an-

ticipatory or proactive—has greater policy po-

tential. Anticipatory adaptation might include 

improving or expanding irrigation for agricul-

ture, engineering crop varieties that are bet-

ter able to cope with changing climate con-

ditions, building sea walls to protect coastal 

infrastructure, and constructing reservoirs or 

implementing “greywater” recycling to improve 

water management by reclaiming wastewater 

from domestic activities. 

One U.S. state that could benefit from an-

ticipatory adaptation is California. With its 

Mediterranean climate of wet winters and dry 

summers, California relies heavily on melt-
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ing snowpack stored in the Sierras for agri-

cultural and urban water supply. Warming is 

expected to reduce the snowpack consider-

ably—as more precipitation falls as rain instead 

of snow—and to melt the snow pack earlier in 

the year. Many of the actions mentioned above 

are being considered. The state might also take 

regulatory and political actions: connect pro-

tected lands to create migration corridors, set 

up networks to disseminate information about 

climate changes and potential adaptive actions, 

and create insurance mechanisms or support 

funds for disadvantaged and vulnerable groups 

that might not have the capacity to adapt on 

their own. 

A generally effective near-term strategy 

likely will identify and pursue actions that 

not only address immediate threats, but also 

strengthen the ability to cope with natural cli-

mate variability. We are best served by antici-

pating more intense and/or more frequent ex-
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treme events than have been seen historically. 

Such an approach would build resilience as 

research continues to illuminate the severity 

and details of future climate change. 

Avoiding severe impacts also will require 

long-term planning, such as investments in 

durable infrastructure in coastal zones or hab-

itat protection for threatened or endangered 

species. In these cases, it is vital that we con-

sider the full range of climate projections over 

the next century. And as the timeline length-

ens, policy coordination becomes essential. 

Policymakers need to consider how adapta-

tion policies will interact, both with each other 

and with attempts at mitigation. For example, 

certain adaptation options, such as recharging 

groundwater to increase water supply, may be 

energy-intensive, thus increasing emissions of 

greenhouse gases if that energy is generated 

from fossil fuels.

Anticipatory adaptation is an investment, 
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and most studies about its potential assume 

that countries and groups can afford it. Un-

fortunately, this is not universally true, espe-

cially for countries where development is a top 

priority. Several funds therefore have been es-

tablished to help developing countries pursue 

adaptation measures, the best-known being 

the Marrakech Funds (established at the UN 

Climate Change Conference in Marrakech in 

2001) and the Global Environmental Facili-

ty’s (GEF) Climate Change Operational Pro-

gramme, funded by world governments. 

Yet, while these funds are promising, guide-

lines for determining which adaptation projects 

deserve funding are lacking. The GEF requires 

such projects to show “global environmental 

benefits,” and the Marrakech Funds try to as-

sure funding of adaptation to long-term climate 

change rather than to short-term climate vari-

ability. But it is difficult to assess adaptation 

projects on these grounds because they are local 
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(and therefore bring local, rather than global, 

benefits) and will likely improve an area’s abil-

ity to adapt both to climate change and climate 

variability. Moreover, there is not enough fund-

ing. The Copenhagen Accord tried to correct 

this. It includes a commitment from developed 

countries to provide “adequate, predictable and 

sustainable financial resources, technology and 

capacity-building” to support the implementa-

tion of adaptation actions in developing coun-

tries, with plans to raise nearly $30 billion over 

the next three years and $100 billion per year 

by 2020. This is a step in the right direction, 

if it is implemented.

Planned and autonomous adaptation both 

have their limits, which is why we have been 

stressing the need for adaptation and mitiga-

tion in tandem. Sensitivity to changing cli-

mate conditions may be higher than currently 

estimated. Without significant mitigation of 

greenhouse-gas emissions, warming and the 
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intensity of impacts are likely to exceed the cop-

ing capacity of adaptation measures in many 

sectors and regions. 

A third, more drastic form of response to 

climate change is geoengineering. Schemes to 

modify environmental systems themselves or 

control climate have been promoted for more 

than 50 years in order to increase tempera-

tures in high latitudes, increase precipitation, 

decrease sea ice, create irrigation opportuni-

ties, or offset potential climate change, among 

other objectives.

As a bulwark against climate change, vari-

ous proposals recommend injecting iron into 

the oceans to promote algae growth, introduc-

ing sea-salt aerosol in the marine boundary 

layer, or spreading dust in the stratosphere or 

positioning mirrors in space to reflect solar 

energy and offset heat trapped by increased 

greenhouse gases. In a similar vein, a variety of 

managed relocation strategies have been pro-
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posed in order to prevent extinction of spe-

cies that are unable to adapt independently to 

climate change.

These approaches—geoengineering, and 

what might be called ecoengineering—attempt 

to offset the effects of one global-scale manipu-

lation of the Earth system (climate change) with 

another large-scale manipulation of physical or 

biological systems. Unsurprisingly, such ma-

nipulation may have unintended consequences. 

For example it is hard to justify saving a species 

by relocating it to new areas, thereby making 

it an invader in other habitats. 

Geoengineering advocates claim their 

methods are cheaper and easier to implement 

than mitigation strategies slowed by foot-drag-

ging governments and the lack of international 

agreements on long-term emissions reductions. 

But skeptics question whether any geoengineer-

ing scheme would work as planned without 

side effects, and whether the long-term interna-
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tional political stability and cooperation needed 

to maintain such schemes is attainable. More-

over, geoengineering risks transnational con-

flicts; such activities may produce—or be per-

ceived to produce—damaging climatic events, 

and thus provoke political conflict. 

Geoengineering represents a desperate at-

tempt to deal with climatic impacts: under-

standable, but not what the situation demands 

as a first response. In reducing risks, nothing 

can substitute for the hard work of aggres-

sive mitigation combined with anticipatory 

adaptation.

Equitable Solutions
Even with an optimal mix of mitigation 

and adaptation, the results may still be un-

fair. The most vulnerable groups are often the 

most marginalized and therefore the least able 

to influence decisions. Hence, policies often 

cater to powerful special interests—the coal 
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industry; the United States, China, and other 

wealthy countries—at the expense of the more 

needy. To avoid overlooking already-marginal-

ized groups when forming local, national, and 

international climate policy, decision-makers 

need to consider the effects of actions (and 

inactions) on the distribution of people’s well- 

being and the sustainability of other species.

In a framework of distributive justice, dis-

advantaged countries and groups should be 

prioritized. Inequitable impacts can occur both 

from the direct effects of climate change and 

from the differential impacts of climate poli-

cies on the poor. Thus, good governance in the 

realm of climate policy requires both protecting 

the planetary commons by managing emissions 

and vulnerability, and dealing in fairness with 

those most disadvantaged by either climate 

impacts or by the effects of climate policies. 

The drivers of the problem—generally richer 

countries—can make payments to those who 
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have contributed less—generally poorer coun-

tries—and these payments can be fashioned for 

fairness and political cooperation.

After the weak Accord at Copenhagen, 

many have suggested that the UN consensus 

process is too unwieldy to produce greenhouse-

gas reduction targets muscular enough to avoid 

dangerous climate change. These parties seek 

to work around the UN process with privately 

negotiated deals among the main players such 

as the United States, India, China, the Euro-

pean Union, Japan, Russia, Mexico, and Bra-

zil. At Copenhagen President Obama negoti-

ated just such a deal with China, India, Brazil, 

and South Africa. Many nations subsequently 

signed on, but with reluctance and even an-

noyance, as they were not parties to the intense 

eleventh-hour bargaining.

 These side deals could be effective in cut-

ting the carbon output of the industrial emit-

ters. At the Davos World Economic Forum in 
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January 2010, there were repeated calls to aban-

don the UN process in favor of deals among 

coalitions of the willing—and the capable. But 

if these “mini-lateral” negotiations become the 

norm, who will support adaptation and sus-

tainable development in the poorest countries? 

That is why the UN process must remain the 

primary vehicle for collection and transfer of 

resources to nations that cannot meaningfully 

access mini-lateral mitigation deals. Structur-

ing and managing a dual system of UN nego-

tiations and mini-lateralism, side by side, will 

be a challenge for world leaders in the years 

to come. 





V
A New Way to Assess 

Vulnerability





In our final chapter, we highlight 

vulnerability assessment as an important tool 

to inform the development of climate change 

policies, particularly adaptation strategies. 

Vulnerability often is defined in terms of 

three components: exposure, sensitivity, and 

adaptive capacity. Exposure refers to the de-

gree to which a system experiences stress and 

the nature of those stresses: the frequency 

and intensity of heat waves in a given loca-

tion, the level of the sea. Sensitivity refers to 

the degree to which a system is affected or 

modified by that exposure, and varies across 
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different regions, populations, and sectors: the 

elderly and those without air conditioning are 

more susceptible to ill effects of heat waves; 

flat coastlines are more sensitive to rising seas 

than are steep ones. Adaptive capacity refers to 

the ability of a system to adjust to change, in 

terms of expanding the range of impacts with 

which it can cope, reducing its sensitivity to 

the changes, or both.

Mitigation reduces vulnerability by reduc-

ing exposure, while adaptation reduces vul-

nerability by turning adaptive potential into 

adaptive capacity, thus reducing sensitivity. 

The distinction between adaptive potential 

and adaptive capacity is critical. We know now 

that the vulnerability of New Orleans to a di-

rect hit by a Category III hurricane was much 

higher than was widely believed prior to Ka-

trina (though a small subset of academics and 

engineers had warned of this outcome for de-

cades and were ignored). Adaptive potential 
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was quite high—for example, levees could have 

been strengthened in advance—but this po-

tential was not realized, and therefore adaptive 

capacity was low. In general, adaptive capacity 

is related to the level of development in a coun-

try. But events such as Katrina, which primar-

ily affected poor citizens, and the 2003 heat 

wave in Europe, which primarily affected the 

elderly, highlight the vulnerability of specific 

populations and regions, even within highly 

developed nations.

Linking Assessment and Decision-Making
Assessing vulnerability to climate change is 

a complex task. It requires analysis of histori-

cal and current exposure and susceptibility to 

climatic conditions and their related impacts, 

projections of future impacts in the context of 

alternative socioeconomic development paths, 

and an evaluation of how well different adapta-

tion strategies will do at reducing vulnerabili-
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ties. Detailed understanding of the affected sec-

tors, communities, and management systems; 

the interactions of non-climatic stressors with 

a changing climate; and each system’s ability 

to respond to changing conditions are often 

lacking. There is a critical need for research 

that couples climate projections with studies 

of vulnerability that focus on specific economic 

sectors (agriculture, services, manufacturing, 

etc.), regions, and groups. And these need to 

be generated in close communication with rel-

evant stakeholders.

Decision-makers want understandable infor-

mation about climate change risks. In particular, 

planners and managers in various sectors seek cli-

mate information that can support adaptation-

related decision-making, provide straightforward 

estimates of uncertainty, and serves the needs of 

decision-makers in specific sectors. Such knowl-

edge is ideally co-produced through sustained 

stakeholder-scientist interactions.
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This interaction is crucial because, on its 

own, more information about projected climate 

changes and impacts does little to alter on-the-

ground decision-making processes. A study in-

vestigating climate-change awareness and pre-

paredness among coastal managers in California 

reported that most managers do not use weather, 

climate, or sea level–rise data in current decision-

making, and that managers want more informa-

tion on climate risks but only in a form that fits 

“seamlessly” into existing procedures.

Recommendations for adaptation actions 

based on scientific research often fail this test. 

For example, a 2009 study of 22 years of sci-

entific literature on biodiversity conservation 

found hundreds of calls for adaptation of con-

servation practices to address climate change, 

but few recommendations with sufficient speci-

ficity to inform actual operations.

Decision-makers need concrete strategies 

and case studies that illustrate how and where 
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to link research agendas, conservation pro-

grams, and institutional practices. If the goal 

is to turn scientific analysis into policy action, 

then stakeholders and scientists must connect 

at all stages of the process: problem-detection, 

design of adaptation and mitigation plans, and 

implementation.

A Better Way: Bottom-up/Top-down Vulner-
ability Assessment

To date, most climate-impact assessments 

have been top-down. They emerge from global-

climate models, with all their attendant un-

certainties. Model projections are based on 

the range of greenhouse-gas emissions asso-

ciated with alternative future scenarios, but 

these often fail to account for the socioeco-

nomic trends associated with each scenario, 

and the potential impact of these trends on 

vulnerability. The link between vulnerability 

and development is recognized by the IPCC 
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and elsewhere, but beyond this recognition the 

literature is sparse. 

Success in adaptation to climate change 

will come from the mating of top-down and 

bottom-up assessment. Scientific projections 

are most useful when joined with the inti-

mate knowledge of existing vulnerabilities 

that stakeholders possess. Assessments based 

on biophysical (top-down) versus social (bot-

tom-up) vulnerability provide complementary 

information, and comprehensive assessment 

of vulnerability to rapid climate change is im-

possible unless they are integrated. Detailed 

bottom-up studies provide understanding of 

the structural, institutional, psychological, 

financial, legal, and cultural frameworks of 

affected sectors, communities, and manage-

ment systems. They can teach us much about 

our ability to cope with both a changing cli-

mate and non-climatic stressors that might 

worsen its effects.
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Thus, the challenge is to develop inte-

grative methods and to employ the resulting 

knowledge in order to inform decision-mak-

ing. Again, this challenge can be met only with 

direct partnerships between stakeholders and 

scientists—social scientists who perform vul-

nerability assessments and climate scientists 

who speak clearly about what they do and do 

not know and how this information can be 

useful on the implementation end. 

We call this approach—linking scientists 

with stakeholder experts in specific regions, 

sectors, or populations—bottom-up/top-down 
vulnerability assessment. It requires at a mini-

mum the following three steps.

First, assess historical and current exposure 

and sensitivity to a wide range of climatic con-

ditions and resulting impacts, both experienced 

(e.g., property damage or loss of life) and per-

ceived (e.g., heightened sense of danger, loss 

of public trust). Second, assess existing adap-
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tive capacity, decision-making processes (e.g., 

how fast can policies or behaviors change? how 

extensively?), and communications infrastruc-

ture. These steps together help reveal thresh-

olds of exposure that would prove challenging 

for a particular system to adapt to, and thus 

provide a basis for defining current and fu-

ture vulnerability thresholds associated with 

climatic exposure. 

Third, integrate these bottom-up local 

assessments of vulnerability with top-down 

projections about climate change and socio-

economic development to examine the likeli-

hood of exceeding such vulnerability thresholds 

identified in the bottom-up analysis as a func-

tion of top-down scenarios. Projections that re-

flect uncertainty in future climate change (like 

high-, medium-, or low-emissions pathways) 

can be employed to calculate the likelihood of 

crossing these thresholds of exposure. Devel-

opment pathways (that exhibit different levels 
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of societal adaptive capacity and vulnerability) 

can be employed to examine how exposure and 

sensitivity may change over time, and thus how 

vulnerability thresholds based on climatic ex-

posure may change in the future. 

Bottom-up/top-down vulnerability assess-

ment provides a more transparent basis for 

tackling the challenges of climate change. It 

also enables managers to tailor adaptation strat-

egies closely to the vulnerabilities of specific 

communities—say, indigenous peoples in the 

arctic or farming women in developing coun-

tries—and natural systems.

Our approach is not perfect. Because it 

relies on comparison of potential outcomes to 

past and present experience, it may not reveal 

important thresholds of vulnerability that have 

no contemporary or historical analog. The cli-

mate system is not so clear-cut; conditions may 

change faster than expected and novel com-

binations of stressors can produce surprises. 
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But the limits imposed by surprises are faced 

comparably by all approaches.

In addition to the uses already described, our 

method can be useful in establishing the roles of 

adaptation and mitigation. Consider the follow-

ing scenario. Regional experts all over the world 

evaluate the well-being and vulnerability of local 

systems in an attempt to discern limits to adapta-

tion. Scientists collect their findings and discover 

that the thresholds they establish cluster around 

a particular level of temperature increase. These 

data, collected in service of adaptation programs, 

also inform the mitigation debate about avoid-

ing “dangerous” climate changes. In this sense, 

we argue that adaptation assessment becomes a 

complement to mitigation planning, not simply 

a trade-off as it is so often framed.

The Present Global Challenge
Given the uncertainties in climate science 

and impact estimates, we believe we must re-
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duce considerably the rate at which we add to 

atmospheric greenhouse gas levels. This will 

give us more time to understand climate risks 

and to help develop lower-cost mitigation op-

tions, while making climate surprises less likely. 

Greenhouse gas–abatement policies will pro-

vide incentives to invent cleaner, cheaper tech-

nologies, and developed countries should ag-

gressively lead that effort, both because of their 

historical contribution to the problem and be-

cause of their greater capacity to help.

Simultaneously, the needs of developing 

countries and marginalized groups should be 

accommodated through coordinated adapta-

tion and mitigation actions. Developed coun-

tries should shoulder this burden as well, as 

required by the United Nations Framework 

Convention on Climate Change. When de-

veloping countries say they will not join miti-

gation efforts until they catch up with devel-

oped countries in per capita emissions, and 
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some developed countries assert that they will 

not abandon fossil-based energy generation 

that props up their economic growth, we face 

real, potentially catastrophic environmental 

danger.

We will need international negotiations 

and bargaining to help the developing world 

leapfrog the traditional technologies of grow-

ing economies—like massive coal burning or 

dramatic increases in individual car use. With 

cooperation and political will, lower-emitting 

technologies such as electric vehicles can be 

built, and alternative-energy sources tapped, 

at much faster rates.

Slowing down pressure on the climate sys-

tem and addressing the needs of marginalized 

countries and groups are the main “insurance 

policies” we have against potentially danger-

ous, irreversible climate events and the injus-

tices that inevitably will accompany them. As 

the world struggles to fashion fair and effec-
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tive forms of mitigation, adaptation, too, will 

be essential if we are to avoid the worst conse-

quences of climate change.
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