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The Intergovernmental Panel on Climate Change, an
international group of scientists, economists, and

decision theorists convened by the UN, recently com-
pleted its second assessment of the current state of
knowledge regarding human-induced changes in the
Earth’s climate and possible consequences. The goal of
stabilizing atmospheric greenhouse gas concentra-
tions—which the nations of the world agreed to under
the 1992 Framework Convention on Climate Change,
and which the IPCC is charged with helping to
effect—is difficult, touching as it does on national
interests in varying ways. Thus controversy, including
the allegation that politics has tainted the science, has
arisen over the IPCC’s latest findings (just as it did
after the panel released its first report in 1990).

In this article, however, we focus on the substance
of the reports that the IPCC’s three working groups
most recently produced, with particular emphasis on
issues related to the use of fossil fuel and emissions of
carbon dioxide—the greenhouse gas that contributes
most to climate change. The three groups assessed the
available information on (1) effects of human activity
on climate conditions through modifications of the
atmosphere; (2) potential impacts of this climate
change, along with the technical potential for mitigat-
ing and adapting to it; and (3) socioeconomic conse-

quences of climate change, including human responses
to potential impacts.

Human Impacts on Climate: State of the Science
A striking feature of the new IPCC assessment is the
conclusion by Working Group I that a human cause
for the climate change now observed is likely, not just
possible—a much stronger conclusion than the one
reached in the first assessment. Five years ago, the
IPCC stated that although all signs pointed to human-
induced climate change, crucial evidence for cause and
effect was not yet available. The evidence then avail-
able indicated that atmospheric greenhouse gas con-
centrations had increased in the previous 130 years
and that the global climate had warmed; however,
when complex computer simulations of climate
processes were applied retrospectively, they predicted a
larger warming than had actually occurred and did not
adequately represent climate changes in different
regions and at different altitudes.

The latest generation of models can now replicate
the past with greater realism. In particular, new mod-
els include analysis of the cooling effect of aerosols—
tiny particles—in the air formed from sulfur emitted
during the burning of fossil fuels.

By including in their analyses the cooling effects of
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aerosols and stratospheric ozone depletion, most of the
latest studies have detected a significant climate
change and, in the conclusion reached by Working
Group I, show that the observed warming trend is
“unlikely to be entirely natural in origin.” The balance
of evidence suggests a “discernible human influence
on global climate.” 

Despite recent improvements, climate models are
still unable to project the details of climate change on
a regional scale, complicating assessment of potential
impacts and response options. A further complication
is the possibility that future climate change will be
neither gradual nor continuous, but abrupt and sur-
prising, as Working Groups I and II caution repeatedly. 

Potential Natural Impacts
What constitutes a “dangerous” level of interference
with the climate is a complicated question. In its latest
assessment, the IPCC addresses many impacts of
climate change, including the effects on agriculture,
forestry, terrestrial and marine ecosystems, hydrology
and water resource management, human health,
human infrastructure, and financial services. While the
potential impacts of climate change are broad, some
aspects of human society are more sensitive than
others. In particular, more highly managed systems
like agriculture, where skills and resources for invest-
ing in adaptation are available, may be less sensitive
than less managed systems like wilderness areas.
However, some of the adverse effects of climate change
may fall disproportionately on poorer, less-adaptive
parts of the world.

The IPCC puts greater emphasis than it has in the
past on the potential adverse effects of climate change
on human health. Periods of sustained higher temper-
atures not only could increase mortality but also foster
the spread of disease through greater water contamina-
tion and a wider geographic dispersion of disease-
carrying organisms such as mosquitoes.

The ability to quantify future damage and adapta-
tion potential varies greatly across sectors. The physi-
cal consequences of a given magnitude of sea level
rise, or the impacts of climate change on agricultural
yields and forest conditions, can be projected with
higher confidence than, say, impacts on wetlands and
fisheries. Yet even when confidence is high that a
certain effect will occur if climate changes, its magni-
tude cannot be predicted precisely.

Working Group II also points out that damage to
ecosystems and human structures arising from such
other causes as population growth, industrial expan-
sion, and changes in land use could combine with
effects of climate change to push already stressed
systems “over the edge.” Particularly if climate change
were very rapid, damage could be severe and long-
lived, perhaps irreversible. However, such rapid
change may be unlikely and is difficult to predict.

Socioeconomic Consequences
Decisionmakers contemplating public policies to deal
with climate change need to understand the socioeco-
nomic consequences that might follow from the physi-
cal and biological impacts of climate change.
Uncertainties about these consequences are
compounded not only by remaining scientific ques-
tions but also by diverse views about how socioeco-
nomic consequences should be defined and measured.

The latest IPCC assessment notes the practical
limits of conventional benefit-cost analysis as applied
to climate change issues. Climate change involves risks
of natural impacts that would be very long term, span-
ning multiple generations. Moreover, these impacts
could be very large in scale and not so readily offset by
substituting other capital investments. Such risks are
not easily incorporated into conventional benefit-cost
analysis.

Nevertheless, Working Group III rightly asserts that
an economic benefit-cost assessment can help guide
decisionmaking when coupled with an assessment of
other factors. These include impacts that are not easily
monetized and the distributional effects of climate
change within and across generations.

In reviewing the available evidence on the econom-
ic impacts of climate change, Working Group III
looked at a number of potential effects. These include
impacts on agriculture and forestry, effects on water
supplies, damages from sea-level rise to coastal areas
and expenditures to protect them, increased mortality
risks, effects on fisheries and wetlands, and effects of
changes in conventional air and water pollutants.

But the group’s assessment was not exhaustive. For
lack of data, several important impacts of possible
climate change either were only partly addressed or
not addressed at all. These include broad ecosystem
damages and the consequences of increased nonfatal
illnesses. Moreover, the estimates reflect individual
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damage components, without fully accounting for the
effects of multiple stresses brought on by forces other
than climate change. The estimates also are based
primarily on a single scenario in which the global
climate has reached equilibrium after a doubled
atmospheric CO2 concentration. This formulation does
not capture the cost of adjusting to climate change or
the possible consequences of even higher greenhouse
gas concentrations.

Aggregate damage estimates under these assump-
tions, expressed as a percentage of GDP to provide a
sense of scale, tend to cluster around 1 to 1.5 percent
for advanced industrial economies and 2 to 9 percent
for developing countries. For some individual coun-
tries—say, small island states subject to flooding from
sea-level rise—substantially higher costs could be
incurred. Clearly, a number of thorny issues related to
adaptive capacity and equity lie beyond estimates of
aggregate damages.

The range of estimates for individual types of dam-
age is wide, and the assessment recognizes the possi-
bility of benefits, such as a longer growing season in
some locations (leaving aside the costs of adjusting to
climate change). Moreover, all damage figures are
point estimates, lacking probability ranges or confi-
dence intervals, and in many cases the estimates are
simply educated guesses. 

Effectiveness and Cost of Response Options
Emissions of CO2—almost all generated by burning
fossil fuel—account for about two-thirds of all
enhanced heat trapping by greenhouse gases. Greater
efficiency in the conversion and use of energy would
obviously slow emissions, but no meeting of the
minds exists on what it would cost to increase energy
efficiency. Indeed longstanding differences of opinion
about that cost enter into the IPCC’s debate over the
cost of reducing greenhouse gas emissions.

Some analyses reviewed by the IPCC indicate that
decreases in energy use of 10 to 30 percent can be
achieved at low or even negative cost by widespread
adoption of technologies that people do not use now
because of such market barriers as lack of information,
uncertainty about product performance or lifetime
costs, high up-front costs, the distorting effect of ener-
gy subsidies, and the “chicken and egg” problem
created by low initial purchase volume and high initial
price. By reducing these barriers, the argument goes,

government policies could reduce greenhouse gas
emissions very cheaply.

Economists accept the idea that energy and other
markets do not always work effectively, which certain-
ly is the case in many countries. But many economists
remain skeptical that the apparent lack of interest in
more energy-efficient products necessarily is a market
failure, citing other explanatory factors such as cus-
tomer dissatisfaction with some product attribute that
overwhelms consideration of its energy efficiency.

Accordingly, some of the analysts whose studies
Working Group III surveyed do not believe barriers
to widespread adoption of technologies are a major
problem, at least in advanced economies where mar-
kets generally work, or that their elimination offers a
truly cost-effective way of lowering mitigation costs.
Thus their estimates of these costs are often higher
than the technological state of the art would imply.
For example, these latter analyses suggest that the
cost to OECD countries of stabilizing carbon dioxide
emissions at 1990 levels over the next several
decades could range from -0.5 percent (a small net
increase in GDP) to as much as 2 percent of GDP. (In
evaluating these estimates, it is important to keep in
mind the fact that GDP is not an accurate measure of
social well-being.)

Moreover, these estimates tend to assume use of
the most cost-effective emissions control policies, such
as carbon taxes or emissions trading. If the policies put
in place were actually less cost-effective, the estimated
economic burden would increase. 

Regardless of one’s position in this debate, an
important conclusion to arise from Working Group
III’s review is that the total costs of meeting a long-
term target for reducing greenhouse gas concentrations
in the atmosphere may be reduced substantially by
stretching out the time period of emission reductions
and providing emission sources with flexibility in the
timing of reductions. Such flexibility could cushion
abatement costs by reducing premature obsolescence
of existing capital and permitting greater development
and deployment of new, efficient technologies.

With regard to the eventual necessity for global
participation in curbing greenhouse gas emissions, the
IPCC notes the tension between that ideal and the
need to respect the economic development priorities
of the world’s lower-income countries. Yet by meeting
those priorities, poorer countries might expand their
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capacity to cope with climate change stresses, in addi-
tion to raising their living standards.

If fairness and implementation issues can be
resolved, the IPCC points out that significant opportu-
nities exist for international cooperation to lower the
costs of emission reductions. These opportunities
include “joint implementation” projects in which
richer countries make investments in reducing emis-
sions in poorer countries. Properly structured, such
projects can convey tangible economic and environ-
mental benefits to recipient countries while lowering
the total costs of greenhouse gas emission reductions.

As for permitting countries some flexibility as to
when and where emissions are reduced, while it is
true in principle that such flexibility can increase
economic efficiency, in practice the ability to do so
may be constrained by political considerations.
Permitting delays in emissions reductions may lack
credibility because of skepticism that governments will
honor previously made commitments to pursue
aggressive reductions. Developing countries also have
expressed suspicion about the motivations for joint
implementation and a desire for more concrete action
by developed countries themselves.

To overcome these concerns may require devel-
oped countries to carry out greater and more immedi-
ate emissions reductions than a simple analysis of
economic efficiency would indicate.

The IPCC assessment also considers the way in
which adaptation measures—for example, improved
water management—can contribute to both economic
efficiency and increased resiliency to weather fluctua-
tions and climate change. Indeed, given the IPCC’s
conclusion that some climate changes have already
been set in motion, some adaptation is already essen-
tial as well as desirable in order to avoid some of the
costs of mitigation. More detailed attention to adapta-
tion is needed in future assessments, however.

Final Comments
Based on the insights, information, and findings of the
IPCC’s second assessment, it is now much more diffi-
cult to argue that human activities are not changing
the climate. It is also now easier to argue that the
impacts of climate change may be substantial, surpris-
ing, and unfair. 

Unfortunately, the continuing uncertainties about
the scale and nature of climate change, its

consequences, and the costs of response make it diffi-
cult to specify a long-term plan of action at this time.
Legitimate debate continues about what constitutes—
and how best to avoid—a “dangerous” interference
with the climate system.

For our part, we believe that the latest IPCC assess-
ment justifies some degree of policy intervention that
goes beyond actions to improve economic efficiency
without reference to climate change, although neither
the United States nor the other industrialized nations
have yet to exhaust all opportunities for these “no-
regrets” actions. While the potential risks are difficult
to quantify, the IPCC assessment strongly suggests that
they are not zero. Given that society is not impervious
to risks, some anticipatory efforts to reduce threats as
well as efforts to improve the understanding of their
magnitude are called for.

The task is not easy. The second assessment under-
scores the challenge of understanding and responding
to the ecological and socioeconomic aspects of climate
change and other closely intertwined global problems,
as well as the need for further understanding of how
the climate is affected by human activities. Climate
scientists need to focus on the regional manifestations
of climate change and the variability of these changes;
impact studies must become more quantitative and
effective adaptations need to be better identified; and
economists must extend and supplement their tools
for assessing the consequences of global change and
the costs of policy responses.

The opportunities, as well as the needs, for new
approaches in these fields are substantial. To reap these
opportunities, governments and other sources of
research funding should maintain or increase their
budgets for climate change analysis, and a greater
share of future research budgets should be allocated to
ecological and socioeconomic research.
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