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Foreword

It is not only the non-specialist, the man and woman in the street and the ordinary person who finds “‘climate change” and
“global warming” a fascinating yet difficult topic. In most societies some tenuous link to our agricultural origins ensures
that the weather is a frequent feature of conversation. But weather is not climate - even if it results from it, Conflicting signs,
different emphasis placed on the many strands of evidence, new knowledge and different propensities to be optimistic or
pessimistic all lead to difficulties in identifying the “signal from the noise,” in recognizing trends in global climate change
- in discerning evidence of a real climate warming effect.

Even scientists, trained in the scientific method are, from time to time periodically perplexed. Many physicists, chemists
and those used to working at the “‘chemical” end of biology feel a need to have more evidence, more measurement, more
research. At home with the process of inductive reasoning, hypothesis establishment and direct experimental procedures,
any consensus view on climate change presents some problems due to the range of uncertainties. The whole climate change
issue is, however, much more susceptible to approaches based on deductive reasoning, where information is assembled and
interpretations made on the basis of the best available evidence so that a “working hypothesis” or explanation is produced,
involving a minimum of assumptions. There is nothing new or “unscientific” in this approach. Agricultural scientists, and
others, are used to working from sample estimates, frequency distributions and probabilities; the whole of the Earth’s
geological record, and the evolutionary basis of biology, has been interpreted in this way. Wait for the definitive experiment
and you wait for ever.

In the area of climate change and climate change prediction there is only one definitive experiment possible, and that
is a rather long-term one. It may be prudent to make some well-chosen responses before we are certain “beyond reasonable
doubt.” And fortunately, there is much accumulating evidence and the possibility of climate simulation through General
Circulation Models of, not only increased sophistication but also of improved realism. Of course, uncertainty is still the
name of the game but we should not fall into the trap of making the mistake that could be characterized by adapting a well-
known remark of Edmund Burke — nobody makes a greater mistake than he who thinks he knows nothing because he
knows so little!

Of course there is a need for more information, further research and continued assessment of the evidence, the effects
and the possible policy and management responses. It is in relation to this need for a continued updating of the assessment
that this volume has been produced. It has drawn on the expertise — and thoughtfulness — of the international community
of professionals concerned with climate change issues. It also attempts, by the editorial commentary that accompanies each
chapter, to evolve a synthesis as well as a synopsis. It does not take up an advocacy stance, but seeks to expose the issues
and inform the reader. In this it is a continuation of a programme element of the Stockholm Environment Institute that has
focused for some years on, and contributed to, responses to potential man-induced climatic modification.

The impact of potential climate change is a challenge to national and international planners and policy makers. Equally
it challenges industry, commerce and all elements of the local or wider community. It is for these people that the book is
written.

M.J. Chadwick

Director

STOCKHOLM ENVIRONMENT INSTITUTE
Stockholm, Sweden
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CHAPTER 1

Living in a Warming World

Irving M. Mintzer

Human activities are changing the composition of our at-
mosphere at an unprecedented rate. If current trends con-
tinue, our planet could face a climatic shock unlike anything
experienced in the last 10,000 years. It would not be felt as
an immediate blow, that is a shift from status quo to catastro-
phe. The climate cannot disappear like an endangered spe-
cies. Nor can it explode like a runaway reactor. Nevertheless,
the risks of rapid climate change — rapid by geologic and
climatic standards — are rising rapidly in our time. In this
context, “shock” is an appropriate term. It describes the
impact that the resulting set of changes may have on human
economies and natural ecosystems.

Climate change is not a new phenomenon. Earth’s climate
has changed before, many times in the last two billion years.
But something important is different this time.

1 A Change is in the Air

The woman gathering fuelwood in the Sudan senses a
difference. She survived 2 extremely dry years and then, in
August 1988, saw a year’s rain fall in three days. The British
coal miner suspects that something is askew in the picture
outside his kitchen window. He was shocked as he saw the
“100-year storm” blow across Britain twice in 5 years,
tearing up trees that he had regarded as a permanent feature
of the landscape. The American, Australian, and African
farmers who have seen deep droughts and big rains crush
their crops again and again in the last 5 years, can feel a
difference in the soil and smell a difference in the air. The
Bangladeshi boatman, who saw the “once-in-a-century”
typhoon surge out of the Bay of Bengal twice in 20 years —
washing across the alluvial delta of the Ganges-Bhramaputra
— senses that the weather has changed since his childhood.
The South Pacific scientist who studies the ecology of coral

reefs knows that something significant has disturbed the
seabed; she sees large masses of dying coral. And the Swiss
ski resort owners, who waited through two long winters
without sufficient snow on which to ski, all know something
is different.

But what is it? Is it just an unusual string of random,
independent events? Is it a passing phase, a simple stochastic
variation in a complex non-linear system? Or is the collective
experience of many people in varied walks of life an early
indicator of a more profound and lasting change, a major
shift in global and regional climates?

2 Mechanics of the Heat Trap
Many of the world’s best physical, chemical, and biological
scientists continue to puzzle over these questions. Working
together with economists and political scientists under the
aegis of the Intergovernmental Panel on Climate Change
(IPCC), the leading scientists from more than sixty countries
have developed long-term scenarios, have used complex
computer models to run simulation experiments and ex-
panded their study of climate to past eons and other planets
(IPCC, 1990 and 1992).'In the process, they have developed
a better understanding of the global climate system and of the
forces that cause climate to change.

Global climate, the long-term statistical average of mil-
lions of daily weather events, is a tapestry composed of many

! Sponsored by the World Meteorological Organization (WMO) and the
United Nations Environment Programme (UNEP), the IPCC prepared a
three-volume assessment in 1990 summarizing the state of the art on
climate modelling, climate impacts, and response strategies (IPCC,
1990). In 1992, the IPCC completed an updated report and a supplement
to that work (IPCC, 1992).



2 Living in a Warming World

threads. Each of the regional climate patterns observed in
cities, towns, and rural villages offers a glimpse of one of the
threads, a sign of some deeper climatic pattern. Each reflects
a combination of complex local interactions between the
atmosphere, the oceans and the biota. Over time, these
threads interweave. Trends in temperature, precipitation,
soil moisture, and numerous other factors combine into
highly variable, localized events to create the regional con-
ditions that give each locale its special character.

Solar radiation fuels the global climate machine. Changes
in the distribution of sunlight falling on the Earth and heat
emitted from it are the principal driving forces that determine
the character of global climate. The magnitude of these
energy flows is affected by shifts in the Earth’s orbit around
the sun, increases or decreases in cloud cover, transforma-
tion of the land surfaces of the continents, variations in ocean
currents, and changes in the composition of the atmosphere.

The average annual temperature of the planet is following
an upward trend. In the last century, the mean surface
temperature has increased by about 0.5- 0.7 °C. Seven of the
eleven warmest years in the last hundred have occurred in the
last decade. Last year, 1991, was the warmest year of our
instrumental temperature record and the winter of 1991-92
follows the pattern.

It is not just the global averages that seem to be changing.
Each person experiences the global climate through the
variability of local weather events. From many anecdotal
observations, the weather seems to be more variable now
than it has been in the past. And some weather data also
suggest that regional climates became less stable in the
1980s. In many areas, the frequency and severity of extreme
weather events seem to be increasing. But the changes
recorded so far are still within the statistical ranges of natural
variability. From a mathematical point of view, nothing
definitive can yet be proven about future climate change —
but something makes the changes feel different this time.

During the last five years, as the international scientific
assessment proceeded within the IPCC and international
cooperative research advanced under the International
Geosphere-Biosphere Program (IGBP), scientists have
learned a great deal about the dynamics of the climate
system. But despite all this groundbreaking work, they still
cannot simply explain the apparent increase in extreme
weather events. They cannot say, for sure, whether a major
long-term climate change is under way. Nor can they say
with confidence precisely where, or when, or how severely
the regional impacts of these future changes will be felt.

They can, however, say some important things about the
changes that are now taking place. Human activities are
changing the composition and behaviour of the atmosphere
at an unprecedented rate. And pollutants from a wide range
of human activities — including energy use, industrial
production, agriculture, forestry, and land use changes — are
increasing the global atmospheric concentration of certain
heat-trapping gases.

The most dangerous of these trace gases include carbon
dioxide, methane, nitrous oxide, and the synthetic com-
pounds called chlorofluorocarbons (CFCs). Because of their
atomic structure, these gases are transparent to incoming
solar radiation. Most of the sunlight passes through them and
is not absorbed. But the same gases absorb and re-emit light
at longer wavelengths — such as the thermal infra-red
radiation that is released naturally and continuously from the
earth’s surface. When these heat-trapping gases release the
energy they have absorbed, they re-emit it in all directions.
The re-emitted radiation carries most of the heat upward, out
of the atmosphere; but some is re-emitted downward, warm-
ing air, land and water below.

In effect, these gases act like a blanket, trapping heat close
to the surface that would otherwise escape through the
atmosphere to outer space. This process is commonly called
“the greenhouse effect” because it reminds some observers
of the heat-trapping effect of the glass walls in a horticultural
greenhouse.

The greenhouse effect is neither new nor due solely to
human activities. It is a natural component of the Earth’s
geophysical balance and has been occurring for the last two
billion years. For thousands of millennia, natural back-
ground concentrations of greenhouse gases (principally water
vapour and carbon dioxide, CO,) trapped sufficient heat near
the surface to raise our planet’s average temperature by
about 33 °C above what it would otherwise have been. This
process increased the surface temperature from -18to +15°C.
The warmer temperature allowed water to exist on the
surface as a liquid — rather than as ice — and to become the
medium for biological evolution of life.

But in the last century, this natural background process,
“the greenhouse effect”, has become the “greenhouse prob-
lem”. Human activities have steadily increased the concen-
trations of various heat-trapping gases, enhancing the warm-
ing effect. The world’s atmospheric scientists, while they
may disagree on the details, have in fact reached a consensus
about the global implications of this buildup (IPCC, 1990
and 1992). If current trends in the emissions of greenhouse
gases continue, the surface will warm by about 0.3 °C per
decade. By sometime around the middle of the next century,
the cumulative warming effect will raise the average surface
temperature of our planet somewhere between 1.5 and 4.5°C
above the natural “background” temperature which existed
before the beginning of the industrial revolution in the
eighteenth century (IPCC, 1990).2

Scientists understand the main outlines of these changes
at the global level but many important (and persistent)
uncertainties remain. Little can now be said with confidence

2 A warming of 1.5-4.5 °C is equivalent to the increase in temperature that
would be expected if the pre-industrial concentration of CO, alone were
doubled while the concentration of all other heat-trapping gases re-
mained at the background, pre-industrial level — a benchmark used

frequently in climate modeling experiments.
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about the response of regional climates to the global buildup
of heat-trapping gases. Current understanding of the feed-
back processes that link the atmosphere, oceans and biota—
a set of closely coupled, non-linear systems — is rudimen-
tary at best. Little is now known about the character or
location of any thresholds of non-linearity in the responses
of these systems to future stresses. But we can be certain that
the future will contain ample surprises — much as the
discovery of the Antarctic Ozone Hole was a surprise, an
unforeseen threshold of non-linearity in the response of the
upper atmosphere (the stratosphere) to increasing concentra-
tions of chlorine and bromine.

A change in global temperature induced by human activi-
ties of one, two or even five degrees does not sound like it
would make much difference, especially since it is superim-
posed on a natural process that has already heated the
planet’s surface by more than 30 °C. Those 30 degrees
represent a vast difference — the difference between our
warm, hospitable planet and a lifeless ball of ice. And
because of paleoclimatic temperature records, we know
enough to be reasonably certain that even small additional
changes in the average planetary temperature can produce
dramatic changes in climate. For example:

« A difference of 1 °C in average global temperature is all that
separates today’s equable (i.e. warm) climate from that of
the Little Ice Age. During this cold period that lasted from
the 14th to the 17th Century, traditional crops failed fre-
quently in Europe. On at least several occasions, the Baltic
Sea froze, allowing people to walk, skate, or sled from
continental Europe to Scandinavia.

+ A worldwide increase of 2 °C above today’s level would
push average global temperature beyond anything experi-
enced in the last 10,000 years. At no time during the period
of written human history have people faced such conditions
as these. The shifts in temperature will vary from location
to location and could cause crop zone boundaries to shift.
Humans could certainly survive the climate of a 2-degree
rise - we have done so before. But we have no written or
cultural records with which to learn from the successful
(and unsuccessful) adaptations of our ancestors.

« A warming of 5 °C from the present level would make the
average global temperature hotter than at any time in the
last three million years. During those previous hotter
periods, there was no polar ice cap in the Northern Hemi-
sphere; the sea level was as much as 75 metres higher than
it is now. Tropical and subtropical regions extended as far
north as Canada and England.

3 Effects of a Greenhouse Warming

If current trends continue, climatic conditions will change
more quickly in the next few decades than they have in the
last several millennia. Some of the effects — such as the
increases in average temperature and average sea level —

will be felt worldwide and can be predicted today with
confidence. Initially, some areas may even seem to benefit
from these shifts. Other changes will be principally regional
in character. The specific timing and severity of these
regional impacts cannot now be predicted with confidence.

The impacts of climate change on sea level, weather-
related disasters, fresh water resources, food production, and
population, are described below. Chapters in this volume
illustrate the physical impacts of climate change and explore
the effects of these impacts on relations between nations.
These include chapters by Richard A. Warrick and Atiq A.
Rahman (“Future Sea Level Rise: Environmental and Socio-
Political Considerations,” Chapter 7), Martin L. Parry and
M.S. Swaminathan (“Effects of Climate Change on Food
Production,” Chapter 8), Peter H. Gleick (Effects of Climate
Change on Shared Fresh Water Resources,” Chapter 9),
James K. Mitchell and Neil J. Ericksen (“Effects of Climate
Change on Weather-Related Disasters,” Chapter 10), and
Nathan Keyfitz (“The Effect of Changing Climate on Popu-
lation,” Chapter 11) .

The clearest and most widely discussed global impact of
a greenhouse warming will be an increase in average sea
level. Two processes will contribute to the rise in mean sea
level. An atmospheric warming of several degrees would
warm the upper layer of the ocean, causing it to expand in
volume like the liquid mercury in a hospital thermometer. A
greenhouse warming would also melt some of the snow and
ice lodged in high mountain glaciers. This would increase the
runoff to streams and rivers, with the resulting meltwater
ultimately finding its way into the oceans. The combined
effects of thermal expansion and the melting of mountain
glaciers are projected to raise average global sea level by 20-
100 em (with a best guess of about 60 cm) during the next
century. If, as some preliminary evidence suggests, snow
accumulation increases in the Antarctic, however, the aver-
age sea-level rise will tend to be at the low end of the expected
range.

The zones of greatest vulnerability to sea level rise are the
flat, heavily populated alluvial deltas of the world’s great
river systems and the low-lying areas of many island states.
Preliminary studies of the Nile Delta, for example, suggest
that a sea level rise of about 100 cm could flood an area that
now houses about 15% of Egypt’s population and produces
approximately the same proportion of the country’s food.

However, as Richard Warrick and Atiq Rahman point out
in Chapter 7, local effects of sea level rise will vary markedly.
These effects will be determined less by the average global
change and more by local factors that include the extent of
subsidence or uplift along a specific stretch of coast, the
condition and response of biotic systems in the affected
areas, and the efforts of human societies to protect coastal
structures.

The rapidity of regional climate changes, as well as their
magnitude, will determine the extent of the damage that
results. The expected rate of change due to the continuing
buildup of greenhouse gases causes scientists to assess
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whether rapid climate change could disrupt the stability of
national economies and natural ecosystems. Because re-
gional climates will continue to change throughout the next
century, humans and other species attempting to adapt to the
new conditions will always be “shooting at a moving target,”
coping with climate conditions that never seem to settle into
any permanent, stable, equilibrium condition.

Irrespective of the magnitude of the average global
warming, temperature changes due to greenhouse gas buildup
will be unevenly distributed around the globe. The areas at
high latitudes — closer to the poles — are expected, for
example, to experience a warming 2-3 times the global
average. Atlow latitudes — closer to the equator —tempera-
tures are expected to rise only 50-75% of the global average
increase. Thus, a global warming due to greenhouse gas
buildup would shrink the temperature gradient between the
cold polar regions and the warm tropics — the natural
temperature differential that fuels the thermodynamic en-
gine of the global weather machine.

Climatologists believe that, if this temperature gradient
shrinks, it could dramatically alter the patterns of air and
ocean currents that determine regional climates. Global
warming could cause the patterns of the jetstream in the
atmosphere or warm currents in the oceans to shift, changing
the climate dynamics that give each geographic location its
ecological and cultural identity. For instance, if the Gulf
Stream, that river of warm ocean water that now travels from
the coast of Florida to the coast of Norway, were to move
westward 200 km — away from the European continent —
into the North Atlantic, we could see a world in which Europe
got hotter, on average, but Great Britain got colder and
wetter.

Not only would the average weather conditions be changed
by global warming, but the frequency of large storms and
extreme weather events could be altered as well. The evi-
dence linking such effects to an enhanced greenhouse effect
is inconclusive at present, with the exception of some model
results that suggest a likely increase in the number of extreme
rainstorms (Houghton, J.T., GJ. Jenkins and J.J. Ephraums,
ed., 1990). In other words, no one has proved, and possibly
no one can prove, that the extreme weather events so widely
reported in the last few years have any direct relationship to
global warming or greenhouse gases. But these storms and
floods exemplify the kinds of events that may occur with
increasing frequency in the decades ahead. And they give
policy-makers, investors, and citizens a sense of how well
our existing institutions are prepared to respond to even
small effects of climate change.

Mitchell and Ericksen (Chapter 10) review the historical
data on weather-related disasters. In the future as in the past,
they argue, it is the poor — both within and among countries
— who will experience the largest damages from weather-
related disasters, as measured by the percentage of annual
income lost in these events. Therefore, Mitchell and Ericksen
conclude, those concermned with the impacts of climate
change should now join forces with those traditionally

concerned with disaster relief to insure that systematic
management strategies are implemented. It makes sense to
prepare for, and to minimize, future damages from such
events — whether they result from “natural hazards” and
random events, or are the consequence of a human-induced
greenhouse warming.

Even if a greenhouse warming does not increase the
frequency and severity of storms, it is likely to alter the
timing, duration, and distribution of rain and snowfall. As
Gleick (Chapter 9) observes, there is little reason for confi-
dence in the ability of current models to predict the regional
distribution of rainfall in a warmer world. For example, we
cannot predict today which regions or river systems will
experience water shortages most acutely. But some general
conclusions can be drawn. Several models suggest that mid-
continent, mid-latitude areas would be drier, especially in
summer. The most reliable conclusion is simply that precipi-
tation, runoff, and soil moisture — all critical variables in
areas which depend on rain-fed agriculture — will be quite
different in the future from what they are today. Internation-
ally shared resources of clean, potable water will be stretched
to cover larger irrigated areas and serve increasingly thirsty
populations.

During a century when world population (and food de-
mand) is expected to more than double, rapid changes in
temperature and precipitation patterns could have some
important negative effects on food production. Already 80%
of the world’s potential arable land has been broken open by
the plough. Even if agricultural technology, enhanced by
modern chemistry and biotechnology, achieves dramatic
increases in yields per hectare, the amount and location of
lands suitable for traditional agricultural practices may shrink
(or at least change) dramatically, especially if current trends
in greenhouse gas buildup continue. Parry and Swaminathan
(Chapter 8) note that there will be gains in regional output as
well as losses, although it is impossible to determine with
certainty which areas will receive the benefits of changing
climate and which will suffer the losses. Some types of plants
will thrive while others suffer; and species other than com-
mercial cultivars will be affected. Weeds and agricultural
pests may profit more from the changes than will the local
crop species. Perhaps the most disturbing effect on agricul-
tural systems is the pattern of change itself: farmers will have
to adapt to circumstances which could stay in continuous and
unpredictable flux for several decades.

The problems of population growth and climate change
are highly interactive. The more rapidly population in-
creases, the more difficult it will be to deal with the effects
of rapid climate change. All people will be affected to some
extent; but in general, the greatest damages will most likely
be visited on the poor — those with the fewest options for
adapting quickly to altered climates. Among nations, the
developing countries are particularly vulnerable to the im-
pacts of climate change. This is especially so for those with
broad, flat coastal plains, those which are economically
dependent on agriculture, and those which are currently



Mintzer

protected from open-ocean storms by coral reefs and will
become less so if these reefs deteriorate. Within countries,
the poorest of the poor— those with little or no land and often
dependent on subsistence agriculture — may be seriously at
risk.

As Keyfitz suggests (Chapter 11), greenhouse gas-re-
lated environmental damage may add immense new urgency
to the already great pressure for migration of people from
poor to wealthy nations. This urgency may stem from
extreme weather events and sea level rise (which could make
some inhabited areas uninhabitable), or from the alteration
of traditional growing conditions. The advanced industrial
societies will be buffered somewhat, especially against the
early impacts of climate change, by their wealth and by the
technological options that wealth provides. Ultimately, how-
ever, the problems of climate change (and their solutions)
will transcend national boundaries. To the extent that climate
change induces human migrations or food and resource
shortages, all nations share the effects.

Thus, we see that the effects of a rapid climate change are
likely to be widely distributed and strongly felt. If current
trends continue, the impacts of rapid climate change will
affect the distribution of natural species as well as national
rates of economic growth. It is tempting to speculate which
regions might be the winners and which the losers in this
great game of weather roulette. But we do not know the
timing, severity, and extent of any impacts on specific
locales — including the distribution of changes in precipita-
tion, agricultural output, and the frequency of extreme
weather events. The impacts of these changes could increase
intra-regional and inter-regional tensions, enhancing the
existing prospects for conflicts between States. On balance,
no areas can safely assume that they will necessarily be
advantaged by climate change.

4 Are We Approaching a Catastrophic Climate
Change?

It is fashionable to focus public and scientific attention on the
effects of greenhouse gas buildup, as though climate change
were the only (or at least the most important) environmental
problem facing the world today. But the risks of rapid climate
change do not exist in isolation, encapsulated into some
closed compartment of the lower atmosphere. P.J. Crutzen
and G.S. Golitsyn (‘“Linkages Between Global Warming,
Ozone Depletion, Acid Deposition and Other Aspects of
Global Environmental Change,” Chapter 2) draw our atten-
tion to the linkages between global warming due to the
greenhouse effect, stratospheric ozone depletion, acid depo-
sition, and other aspects of global environmental change
taking place today.

Like many processes in nature, the characteristics of
climate — both global and regional — are the result of
complex interactions between several closely coupled, non-
linear systems. These systems include the dynamic, circulat-
ing fluxes of the ocean and atmosphere and the complex web
of interacting species that make up the terrestrial and marine

biota. Greenhouse gas buildup, ozone depletion, and acid
deposition all occur in the same dilute, low-temperature
reaction vessel — the atmosphere. The changes which ensue
from each of these processes naturally and unavoidably
affect each other.

Non-linearity in these systems means that the dimensions
of an effect are not necessarily proportional to the size of the
stimulus that changes the system. If a significant force — like
the heat-trapping effect of increasing greenhouse emissions
— is doubled, the effect on climate may not double. Rather,
that force will combine with other factors, producing an
effect that may appear small at first, until the force reaches
a certain threshold — after which the effect may increase
suddenly and dramatically. Although the feedback mecha-
nisms which govern and couple these processes are not fully
understood at this time, climate scientists now know that
specific thresholds of non-linearity exist. Crossing those
thresholds may transform the entire climate system into a
new and quite different state. Several of the chapters in this
volume, including Martin I. Hoffert (“Climate Sensitivity,
Climate Feedbacks, and Policy Implications”, Chapter 3),
Hans Oeschger and Irving M. Mintzer (“Lessons from the
Ice Cores: Rapid Climate Changes During the Last 160,000
Years,” Chapter 4), and Michael B. McElroy (“Changes in
Climates of the Past: Lessons for the Future,” Chapter 5)
explore aspects of these potential transitions, whose historic
counterparts are evident in the long-term geologic record of
past climate changes. We do not now know what, if anything,
will push the global climate system across one of these
thresholds into a very different climate regime. But by
studying the historical and geological evidence of past
changes, we learn which mechanisms could come into play
in the future. Data from ice cores taken in Central Greenland
and Antarctica suggest that climates long past may have
shifted by as much as 5 °C in periods as short as a few
centuries.

Today’s human-induced changes in the climate system
already represent stresses equal in magnitude to those asso-
ciated with major glacial-interglacial transitions in the past.
Some (as yet unspecified) combination of the feedback
processes visible and active in Earth’s geologic past could
come together again to promote a rapid future climate
change. This is, of course, much more likely if current trends
in the emissions of greenhouse gases continue into the next
century.

Is the Earth’s climate already changing due to the buildup
of greenhouse gases? T.M.L. Wigley, G.I. Pearman and
PM. Kelly (“Indices and Indicators of Climate Change:
Issues of Detection, Validation, and Climate Sensitivity,”
Chapter 6) assess whether a statistically significant climate
warming can be identified in the historical record of the last
two centuries. Basing their analysis on the best available
records of global temperature change, they find a continued
pattern of variability from year to year. These variations take
place within the larger pattern of a clear upward trend in
temperature. But the size of the observed temperature rise is
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still statistically within the range of natural variability, as
deduced from the temperature records of the last few centu-
ries.

Therefore, we cannot prove nor disprove the hypothesis
that the observed increase is due to the concurrent buildup of
greenhouse gases. Wigley et al. conclude that we must
continue to monitor global temperature, both on land and in
the sea, in order to establish (with a high degree of statistical
confidence) whether or not a global warming due to green-
house gas buildup is indeed in progress. They suggest that it
may be important to begin monitoring other variables as
well, and to increase the geographic extent and quality of the
temperature-reporting network, if we are to find the “finger-
print” of climate change in current observations.

The analysis of Wigley et al. leaves us with uncertainty
about the severity of the crisis. But the continued buildup of
greenhouse gases is a very risky business, with large and
mostly negative impacts to be expected if rapid climate
change occurs. As we continue to increase the atmospheric
concentration of radiatively active trace gases, we are, in
effect, haphazardly twisting the dials on the complex ma-
chine of our global climate. In that context, must we wait
until there are demonstrable and painful damages all around
us before we intervene to manage the risks of rapid climate
change? It is argued here that the world need not wait for the
worst damages to occur; we can hedge our bets, sustaining
the prospects for economic development while limiting the
risks of rapid climate change.

5 The Sustainable Energy Approach: Hedging our
Bets on Climate Change

In every country of the world, economically important
human activities lead to emissions of greenhouse gases. For
some activities — like the cultivation of paddy rice in
flooded soils — there is no practical alternative to the current
methods which produce these emissions. But in other areas
of human activity — ranging from the manufacture of
industrial chemicals, metals and fertilizer, to the production
and use of electricity, to the provision of passenger and
freight transport — there is a clear potential for hedging our
bets on climate change. By carefully selecting among tech-
nically feasible and cost-effective investment alternatives in
light of their greenhouse gas emissions impacts, it is possible
to reduce the risks of rapid climate change while promoting
the prospects for sustained and equitable development. In
this volume, we focus on energy because energy-related
activities (including extraction, mobilization, and use of
fuels for electricity, transportation, manufacturing, cooking
and heat) contribute more than any other factors to the risks
of rapid climate change. Essays by John Holdren (“The
Energy Predicament in Perspective,” Chapter 12), David
Jhirad and Irving M. Mintzer (“Electricity: Technological
Opportunities and Management Challenges to Achieving A
Low-Emissions Future,” Chapter 13) and Jayant Sathaye
and Michael Walsh (“Transportation in Developing Na-
tions: Managing the Institutional and Technological Transi-

tion to a Low-Emissions Future,” Chapter 14) explore the
range of cost-effective, emissions-reducing energy options.

The choices made today among technically feasible and
cost-effective options for energy supply and use will signifi-
cantly affect the rate of future emissions growth. Consider
that carbon dioxide is the most important greenhouse gas
emission — accounting, in itself, for about half of the annual
global increase in the greenhouse effect. About 70-90% of
the carbon dioxide emitted each year from human activities
comes from energy use — specifically, from the combustion
of fossil fuels. (Deforestation and land use changes account
for most of the other 10-30%.) Energy use also contributes
significantly to the buildup of other greenhouse gases, in-
cluding methane, nitrous oxide and tropospheric ozone.

Future energy choices must be evaluated in the context of
current patterns of energy use. As Holdren observes, the
current global pattern of energy use is neither economically
rational, ecologically sustainable, nor socially equitable.
The rich industrialized countries, which represent about
25% of the world’s population, consume about two-thirds of
the primary energy. In the process, they release more than
50% of the total greenhouse gases. Industrial countries
produce nearly 75% of the fossil-fuel derived emissions of
CO,, and almost 60% of total carbon dioxide emissions.
These proportions may be about to change, however, be-
cause total energy use in developing countries is expected to
grow rapidly in the decades ahead. Developing country
populations are increasing rapidly, their end uses are shifting
from biomass to commercial fossil fuels, pressure for elec-
trification is increasing within them and domestic demand
for expanded mobility through the use of motorized trans-
port is growing. From a traditional development perspective,
these trends are desirable and offer economic benefits. But in
the context of global climate change, these trends represent
an dangerous potential. Unless systematic steps are taken to
control emissions growth in these countries — and, more
importantly, in industrialized countries — the quantity of
greenhouse gases emitted annually to the atmosphere could
increase substantially.

In all countries, the pattern of energy use depends on two
key factors: the choice of technologies and the efficiency
with which these technologies are implemented. Choices
among alternative energy investments made during the next
decade — for example, in the electricity supply and transpor-
tation sectors — will affect the rates of growth for energy,
greenhouse gas emissions and gross national product through-
out the 21st Century. Some industrial countries (e.g. Japan
and Germany) are reaping benefits while seeking to reduce
greenhouse gas emissions from energy supply and use. By
introducing efficiency improving and renewable energy
technologies, these countries have increased their effective-
ness as energy users and developed new technologies for
export. The same process must be encouraged in other
industrialized countries and could also take place in develop-
ing countries. Companies engaging in co-development of
these new technologies with partners in developing coun-
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tries are more likely to capture a significant share of many
new and evolving markets. As Germany did in the 1950s and
1960s, and Japan did in the 1960s and 1970s, newly indus-
trializing countries that encourage such partnerships may
expect in the future to leapfrog beyond some of the castoff,
outmoded and emissions-intensive technologies that were
relied upon by countries that achieved industrialization in
earlier periods.

Transportation is a major source of energy-related green-
house gas emissions. Reducing the emissions from transpor-
tation, especially during a period of increasing demands for
mobility, presents a difficult challenge. This challenge must
be met first in industrial countries, but eventually in devel-
oping countries as well — where it will be especially difficult
to limit emissions increases. Sathaye and Walsh (Chapter
14) analyse the difficulties and hopes for the transport sector,
particularly concerning motor vehicles. They note that sub-
stantial opportunities exist for reducing the energy intensity
of cars, trucks, buses, and airplanes. In addition, a number of
new “tailpipe” technologies are emerging for decreasing
emissions per unit of fuel consumed. However, while a
combination of new vehicle designs, tailpipe controls, and
traffic management schemes may be sufficient to stabilize
vehicle-related emissions in some industrial countries, these
measures will not be enough to keep greenhouse gas emis-
sions from rising in the transport sector of the developing
world. Exploding demand for motorized vehicles, increases
in vehicle miles travelled per year, and worsening traffic
congestion, will combine to raise emissions from the trans-
port sector in the decades ahead.

Sathaye and Walsh outline a comprehensive strategy to
keep the increases in greenhouse gas emissions to a mini-
mum. If new and creative partnerships can be established
that prevent developing countries from becoming a dumping
ground for inefficient vehicles, their strategy will offer
benefits to virtually all stakeholders. It increases the profit
potential of the companies willing to develop the market,
expands citizen mobility by offering them a less congested
transport system and minimizes damage to the environment.
But it requires a commitment to investment in transport
infrastructure and urban planning — a commitment that may
be hard to mobilize in the cash-strapped societies of the
developing world.

The problem in the electricity sector is similar in character
to the transport problem, but the structure of the solution is
different. Jhirad and Mintzer (Chapter 13) survey the insti-
tutional challenges and the technological opportunities for
minimizing the emissions of greenhouse gases from the
electricity supply sector. In the industrial countries, electric-
ity demand will increase in the commercial/industrial sector
during the next two decades as more and more manufactur-
ing processes are electrified. For example, demand will
increase in the residential sector as the introduction of
computers, telefax machines, stereos, and air conditioning
equipment increase the “plug load” on the utility system. In
developing countries, the components of load growth are

driven both by the need to provide basic services and by the
desire to support luxury appliances. Lighting loads will grow
rapidly as rural villages are electrified. Urban residences,
commercial buildings and industrial facilities will all expe-
rience growing demands for electricity. All of these factors
suggest an increase in greenhouse gas emissions from elec-
tricity production. ‘

Even without the global warming problem, meeting the
projected increases in electricity demand in developing
countries will be extremely difficult. Jhirad and Mintzer note
that utility companies in these countries face a triple bind —
declining technical and financial performance, limited ac-
cess to external capital and increasingly stringent demands
for environmental protection. Many technological options
exist for improving the efficiency of electricity end-uses and
reducing the rate of emissions per unit of electricity pro-
duced. These technologies include more efficient lighting
and better electric motor drives on the end-use side, and
solar, wind, biomass, fuel cells and advanced combustion
systems on the electricity supply side of the equation. But a
number of significant market failures and institutional obsta-
cles limit the ability of suppliers and consumers to imple-
ment the most economically and technically efficient solu-
tions.

Market-oriented measures and institutional reforms will
be needed simultaneously, both to reduce the rate of emis-
sions growth and to sustain the prospects for local economic
development. Several kinds of institutions will be pivotal to
the success of such a strategy in the electricity sector. The
multi-lateral banks and other development assistance insti-
tutions have a key role. Only if these institutions can provide
additional funds, particularly to invest in local capacity
building, is there any hope for achieving the joint objectives
of economic development and emissions control.

In addition, no effort by the banks and development
assistance agencies will be sufficient without price and
policy reforms. Utilities must be reoriented toward effi-
ciency — both financial and technical. To accomplish this,
it will be necessary to recover the full cost of electricity
production and use. New blood, new policies, and new
management strategies will be needed to overcome persist-
ent market failures in the electricity sector. Utility manage-
ment will play a vital role in a world threatened by rapid
climate change.

However, reform of public and governmental institutions
is not enough. Secondarily, and not unlike the situation in the
transport sector, new management strategies will be required
in the private sector. Small and major manufacturing corpo-
rations in the electric machinery supply industry, and pro-
ducers of energy end-use devices, will compete for market
shares in a large and rapidly growing market in the develop-
ing world. The multinational enterprises that can commit
now to the joint development of advanced, environmentally
sound technologies — through partnerships with enterprises
in developing countries — will only be able to capture a
substantial share of these rapidly expanding markets if
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external costs to the environment are internalized. Those
companies which make it their business to be environmen-
tally responsible as well as technologically advanced are
likely to earn significant profits from these growing markets
— re-establishing customer loyalty and, in the process,
making a significant contribution to global stability. This,
then, is one way that responsible businesses can hedge the bet
on climate change. Corporations that choose to develop
advanced, efficiency-improving, and emissions-reducing
technologies will improve their long-run prospects for sur-
vival, whether or not the world is now approaching a radical
change in climate.

6 Do the Risks of Rapid Climate Change Justify the
Costs of Early Response?

Both new technologies and greater efficiency, while they
require an up-front investment, are more cost-effective than
the traditional means of providing energy. But to capture that
competitive advantage requires a shift in accounting proce-
dures, levelling the playing field by incorporating the envi-
ronmental costs of energy into the price of fuels. This would
realign the choices among technologies in a more ecologi-
cally and economically rational manner, promoting €co-
nomic development while minimizing the risks of rapid
climate change.

While all the remedies discussed so far will entail real and
substantial costs, there are inherent macro-economic advan-
tages for societies that implement them. Jochem and
Hohmeyer suggest in Chapter 15 (“The Economics of Near-
Term Reductions in Greenhouse Gases”) what they call the
“rational use of energy:” a process of selecting energy
technologies to minimize the total costs of energy supply and
use, considering all financial, environmental, and social
costs. Even for a country such as Germany — already well
advanced in its programme of industrialization, in which
large investments have already been made to pick the easy
fruits of energy conservation — there are substantial eco-
nomic benefits to be gained from further investments in
efficiency-improving technologies. Contrary to what some
analysts in the US have suggested, these investments will
promote economic development, increase domestic em-
ployment, improve the national balance of trade by encour-
aging high technology exports and environmental and social
costs not now accounted for in traditional economic analy-
ses.

Successful national strategies to make the pattern of
energy use more economically rational can take a variety of
forms. They might include measures to (1) “get the prices
right” for electricity and fuels (through taxes or incentives
that reward efficiency), (2) increase the flow of information
about cost-effective energy options, (3) encourage invest-
ments in renewable energy technologies and efficiency-
improving devices and (4) set high performance standards
for widely used energy end-use devices. Rather than being a
burden on the economy, Jochem and Hohmeyer conclude
that these types of measures would stimulate a high-quality

of economic development. As other writers (including
Harvard Business School’s “competitive advantage” pio-
neer, Michael Porter) have also suggested, these measures
will also increase national competitiveness while enhancing
the economic and technical efficiency of the domestic
economy. This general group of strategies has been called
the “No Regrets” approach, because it is composed of
measures that will deliver demonstrable benefits even if
rapid climate change does not take place.

Some sceptics disagree, charging that the results cited by
Jochem and Hohmeyer cannot be generalized beyond the
German case. These analysts argue for what has become
known as the “Wait and See” approach. They urge govern-
ments and corporations to avoid the potential risks of early
investments in advanced technologies. Too many uncertain-
ties persist in climate science, they claim; regional impacts
are too unpredictable; and we are too ignorant of future
economic effects. Thus, the “Wait and See” analysts argue
that any shift away from the current pattern of energy and
economic growth would impose heavy economic costs on
human societies. And, they say, some premature invest-
ments may not even generate significant environmental
benefits, in part because of the unexpected effects of still-
poorly-understood ecological linkages.

These two strategies — “No Regrets” and “Wait and See”
— epitomize the debate over policy responses to climate
change. But which offers a safer, more promising direction
for the world’s governments? In Chapter 16, R.K. Pachauri
and Mala Damodaran (“ ‘Wait and See’ versus ‘No Regrets’:
Comparing the Costs of Economic Strategies”) analyse the
results from a variety of economic models to contrast the
costs and potential benefits of both approaches. They start
with a critique of several of the most widely publicized
global economic models that have been recently applied to
comparing these two strategies. Then, based on a careful
review of the work of Nordhaus, Manne and Richels, and
Peck and Teisberg, the authors conclude that under either the
“Wait and See” or the “No Regrets” strategy, the costs of a
greenhouse warming will not be evenly distributed. Al-
though the precise distribution of these costs is uncertain,
with the “Wait and See” strategy, the distribution of costs
will be independent of the actions of individual stakeholders
(including individual nations). On the other hand, under a
“No Regrets” approach, the measures taken will offer ben-
efits to each stakeholder group in direct proportion to its
members’ investments of time, money, effort, and technol-
ogy.

When coupled with increased research to reduce the
remaining uncertainties in the science of climate change, the
“No Regrets” strategy offers substantial and immediate
benefits. This strategy offers potentially affected parties a
measure of control over their own destiny and a mechanism
forhedgingagainstuncertain future risks. Forany stakeholder
that implements it, this strategy increases the likelihood of
capturing private gains as well as public benefits — whether
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the planet is about to face a major climate change or only a
continuing period of high year-to-year variability.

But can these advantages be formalized, broadly distrib-
uted, and somehow made more permanent? A number of
analysts have argued that cementing these gains for the long
term requires substantial reform of existing institutions.

7 Institutional Challenges in a Warming World
Global warming due to the buildup of greenhouse gases is
not an isolated problem. It is currently the most prominent,
and over the long term probably the most significant, of a
new class of environmental problems. These problems are
closely linked to each other, and likely to appear with
increasing frequency in the decades ahead. Unlike the pre-
dominantly local character of earlier environmental issues,
these global problems share several common characteristics
that will make it significantly more difficult for individuals,
corporations, or governments to develop successful response
strategies in the future.

Continuing scientific uncertainty will cloud our knowl-
edge of the direct causes, feedback processes and regional
effects of these problems. Long lag times will persist be-
tween the recognition of the symptoms of a problem, and the
observation of any ameliorating effects that result from a
successful response strategy. And those who benefit from
the activities that contribute to the cumulative risks will
remain unable to identify or compensate those who bear the
costs of the damages. Dealing with these complexities will
create new challenges for existing institutions. In some
cases, these complexities have already begun to stimulate the
growing perception of a need for new institutions.

Since 1972, when United Nations Conference on the
Human Environment was held in Stockholm, Sweden, there
have been many international meetings devoted to environ-
mental issues. In the follow-up to the 1972 Stockholm
Conference, the United Nations established the UN Environ-
ment Programme (UNEP) to coordinate international efforts
to protect the global environment. Under UNEP’s aegis,
several major international treaties have been negotiated to
protect the environment. The Vienna Convention (1985) and
the subsequent Montreal Protocol on Substances that De-
plete the Ozone Layer (1987) represent the first instances in
which a collaborative effort of governments, international
organizations, corporations, and non-governmental organi-
zations has led to a negotiated agreement to reduce a major
risk of environmental damage before the worst consequences
have been realized.

Now, the legal precedents arising from those interna-
tional agreements are about to be developed further. Kilaparti
Ramakrishna and Oran R. Young (“International Organiza-
tions in a Warming World: Building a Global Climate
Regime,” Chapter 17) observe that the concurrent efforts of
the Intergovernmental Panel on Climate Change and the
Intergovernmental Negotiating Committee for a Framework
Convention on Climate Change will eventually lead to anew

international agreement to control the risk of greenhouse gas
buildup.

Even if a framework convention is successfully agreed
and signed, Ramakrishna and Young note that the larger
challenge remains — to implement a flexible, cooperative,
long-term regime to manage global emissions of greenhouse
gases and to minimize the damages due to rapid climate
change. Having studied the historical precedents and the
mandates of existing institutions, they conclude that the
dimensions of a global climate regime are so broad, the
potential conflicts between stakeholders so complex, and the
challenges of monitoring and enforcement so daunting, that
no existing institution will be fully adaptable to the necessary
task of implementation. Despite the inherent difficulties of
forming and funding new institutions, the proposal by
Ramakrishna and Young will cause many participants to
rethink their positions as the negotiations draw closer to
culmination.

Ramakrishna and Young, among others, offer a compel-
ling argument that only a separate climate institution can
maintain authority and jurisdiction, given the
multidisciplinary challenges of climate change manage-
ment. This carefully considered approach is a radical alter-
native to the present direction of negotiations. For example,
it may prove controversial for the World Bank, which
currently manages international climate finance through its
Global Environmental Facility (GEF). The World Bank
secks an agreement that would vest all international environ-
ment funds under the control of the Bank’s Board of Execu-
tive Directors, to be managed by the staff and the administer-
ing body of the GEF. Some may see conflicts between
proposals for a new climate institution and the interests of the
United Nations Development Programme, UNEP and the
World Meteorological Organization. Such jurisdictional disa-
greements do not necessarily mean that the proposal will be
stillborn, but it does suggest that there is likely to be a long
and difficult labour before the birth.

Whatever institutional solution does emerge, it will have
to take into account the growing influence of a critically
important group of actors, often ignored but essential to
success: non-governmental organizations (NGOs). In Chap-
ter 18, Navroz K. Dubash and Michael Oppenheimer (“Modi-
fying the Mandates of Existing Institutions: Non-Govern-
mental Organizations”) note that NGOs have been a key
force in resolving environmental problems for the last sev-
eral decades. Particularly since 1972, the technical compe-
tence and the political agendas of these organizations have
broadened considerably. In industrialized countries, envi-
ronmental NGOs have strengthened their base of scientific
and technical competence while moving their horizons out-
ward from local to international environmental problems. In
developing countries, development-oriented NGOs are in-
creasingly concerned with environmental problems. They
recognize that their role is crucial to the evolution of bal-
anced, equitable, and efficient strategies for sustainable
development.
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In the last decade, NGOs in the industrialized North and
the developing South have sought to make common cause,
each sensitizing their governments to the concems of the
other. NGOs have become a vital link between North and
South, helping to keep development priorities on the agenda
in international environmental negotiations. These organi-
zations still face the challenge of finding ways to maintain
attention simultaneously on environmental problems and
development issues — both at the local and national level —
while continuing to place questions of distributional equity
on the agenda of interational policy-making.

Another group of vitally important actors — multina-
tional corporations — has been largely silent as the drama of
climate negotiations has unfolded on the international stage.
Their silence, however, does not imply that they are neces-
sarily bit players. Corporations involved in energy supply
and distribution, chemicals and metals manufacturing, pack-
aging and paper production, and transportation will make
investment decisions during the next decade that are likely to
shape the trajectory of greenhouse gas emissions far into the
next century. While often listening attentively to the current
dialogue, many senior executives in these enterprises have
been content to observe, rather than participate fully in the
negotiations process. Only a few courageous corporate lead-
ers — including the members of the Business Council for
Sustainable Development and the International Environ-
mental Bureau of the International Chamber of Commerce
— have sought to shape their own investment decisions in
light of the international concerns about the risks of rapid
climate change.

Peter Schwartz, Napier Collyns, Ken Hamik and Joseph
Henri (“Modifying the Mandates of Existing Institutions:
Corporations,” Chapter 19) analyse the emerging interna-
tional movement toward corporate environmentalism, find-
ing something quite unexpected. Corporate environmental-
ism is not an altruistic response to corporate guilt, a public
relations ploy, or the pet project of a few radical industrial-
ists. Instead, corporate environmentalism is a discipline for
adding administrative and financial value to a company. It
also reflects the steely-eyed realization by responsible ex-
ecutives that the enterprises they lead will be dramatically
affected by the policy decisions made in these international
negotiations. They know that it is not just the weather that is
changing, but the intemational business climate.

Schwartz et al., outline a market-driven, long-run pro-
gramme that can help a firm evolve through these turbulent
times, achieving sustainable management of their own re-
sources, as well as greenhouse gas emissions. This pro-
gramme does not require a stream of charitable contributions
to NGOs; it is based instead on finding a sound strategy for
hedging against the risks of an uncertain future, sharpening
the competitive edge of the firm in its principal markets,
developing customer loyalty, and improving the long-run
profitability of the firm.

As apostscript to the argument outlined in Chapter 19, Art
Kleiner (“The Lesson of Continuous Improvement™) ob-

serves a number of important synergisms between corporate
environmentalism and the statistically oriented management
theories of “the quality movement.” Leading Japanese,
American, and European corporations have captured sub-
stantial economic benefits — including increased market
share and enhanced customer loyalty — through such cus-
tomer- and community-oriented practices as continuous
improvement and waste minimization. Kleiner observes that
the precepts of the quality movement reinforce the central
tenets of aggressive, forward-looking corporate environ-
mentalism: rigorous, periodic self-examination; the devel-
opment and refinement of new technologies; and the com-
mitment to structural change in the production process that
systematically reduces the number of product defects and
makes the repetition of mistakes more difficult.

As Schwartz et al. conclude, those firms willing to con-
front uncertainty and make a commitment to quality develop
their own improved leadership. By carrying this capacity for
leadership into the negotiations of an international agree-
ment on climate change, responsible corporate leaders can
help shape a more practical and successful convention.

Another set of actors cannot be ignored in the process of
reforming climate-change-oriented institutions. These are
the international trade and tariff negotiators, whose agree-
ments establish the channels through which greenhouse gas-
reducing technologies are shared. Konrad von Moltke (“In-
ternational Trade, Technology Transfer, and Climate
Change,” Chapter 20) explores the linkages, contradictions,
and synergisms between the two separate sets of negotiations
— over environment and trade, respectively — under way
this year. The current round of negotiations on the General
Agreement on Tariffs and Trade (GATT) — known as the
Uruguay Round — is often considered unconnected to the
climate talks. However, the GATT negotiations will be akey
forum for international debate — not just on trade, but also
including several issues of central importance to the climate
negotiations. Decisions made by governments in the GATT
forum will affect both the investment options available to
corporations and the opportunities for technology transfer in
support of sustainable development programmes. Key is-
sues include the treatment of intellectual property rights,
specialized subsidies, and non-tariff trade barriers.

It is possible, concludes von Moltke, to achieve the
separate objectives of both environmental and trade negotia-
tions simultaneously. But this solution requires supplement-
ing the current international trade goal of economic effi-
ciency with an additional criterion — efficiency in the use of
resources, especially those that are key to the risks of climate
change. Conversely, if attention is not paid to the implicit
linkages between economic and resource efficiencies, at-
tempts to achieve the goals of trade policy could undermine
international efforts to protect the environment. Capturing
the complementary benefits requires what some will no
doubt view as a heretical change in the calculus of economic
growth. It will be necessary to identify and apply consistent
methods for internalizing the environmental costs of energy
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use, so that they are systematically incorporated into the
price of fuels. It is also vital to rationalize the management
of state-mandated subsidies.

And even this may not be enough. Von Moltke suggests
making structural changes in the interface between trade and
environmental regimes. Specialized institutions for dispute
mediation will be necessary in each domain, along with
cooperative cross-jurisdictional approaches that maintain
the flexibility to handle each individual case within the
regime that is most central to its substance. For example,
something as simple as the dissemination of a new refrigera-
tor using ozone-friendly, CFC-substitutes may require agree-
ments among tariff, patent, and environmental protection
authorities. If this type of institutional evolution is feasible,
it may be possible to protect the environment as well as
intellectual property rights, to facilitate technology transfer
in addition to free trade, and to promote equitable and
sustainable growth.

8 Crafting a Fair Bargain

Several nagging questions remain as the world moves slowly
toward a negotiated international agreement limiting the
risks of rapid climate change and minimizing unavoidable
damages. What is a fair bargain among all the affected
stakeholders in both industrial and developing nations? How
will responsibility for current and past contributions to future
risks be assigned? How should the targets for future reduc-
tions be set? How will the rights to emit greenhouse gases
into the shared atmosphere, and the burden of costs from the
damages caused by those gases, be allocated henceforth?

Michael Grubb, James Sebenius, Antonio Magalhaes and
Susan Subak (“Sharing the Burden,” Chapter 21) offer a
sound and rational basis for addressing these questions.
Beginning with “the facts” about current and past emissions,
noting the weaknesses and limitations in the existing data,
they compare and evaluate a range of rationales for assigning
responsibility and allocating emissions rights. Their analysis
brings the unspoken biases inherent in different accounting
systems to light, and it illuminates the effects that each bias
would have on the calculation of who pays and who receives
compensation.

The recent negotiations under the INC demonstrate that
there is no magic formula or single plan that is guaranteed to
please all the parties. Grubb et al. do not promise any quick
fix; like the rest of us, they expect the negotiations to be
protracted, highly political and difficult. But these authors
suggest an accounting system with the potential to be both
politically practical, technically feasible and fair. Their
proposal involves a flexible, evolving mixture of allocation
criteria for future emissions rights, based on a combination
of population and current emissions. Such a system —
incorporating tradeable emissions permits that would expire
after a specified period — could offer an incentive for all
countries to limit future emissions growth. It would also
stimulate sufficient resource transfers to enable developing
countries to adopt more advanced and efficient technologies

than they otherwise might, and it would provide a basis for
reconsideration and revision of the overall scheme as new
information emerged.

William A. Nitze, Alan S. Miller and Peter H. Sand
(“‘Shaping Institutions to Build New Partnerships: Lessons
from the Past and a Vision for the Future,” Chapter 23) have
a clear vision of the sort of cooperative process through
which allocation proposals (and other climate-related pro-
posals) could best be considered. Nitze et al. view the
Conference of the Parties to a Climate Convention as a
vehicle for strengthening existing institutions and, as cir-
cumstances require, establishing new ones. Deliberations
might first take the form of a convention with short-term
goals for stabilizing national emissions of greenhouse gases;
but from there, a comprehensive protocol could evolve for
reducing global emissions over the long term. Noting that
achievement of this goal will require national strategies and
action plans, they encourage the involvement of non-gov-
ernmental organizations at the regional, national, and inter-
national levels. An inclusive, evolutionary process would
inherently tend to encourage the goals set forth in other
chapters of this book: stimulating cost-effective investments
in energy efficiency, catalysing large-scale resource trans-
fers from North to South, reducing the amount of waste and
materials expended in producing material well-being and
improving the performance of existing institutions. This all
sounds very well but how are we to get from here to there?

One of the most important steps is to get a better shared
understanding of the views held by each of the key
stakeholders in the negotiations. Much has already been
written and said about the perceptions of the climate problem
in the advanced market economies of the OECD. But there
is little general understanding of the point of view held by
those leaders and thinkers of the developing world who have
considered the climate problem in detail.

Tariq Osman Hyder (“Climate Negotiations: the North-
South Perspective,” Chapter 22) places the current climate
negotiations plainly in the context of a more general North-
South dialogue. As a civil servant in Pakistan, a spokesper-
son for the Group of 77 (G-77) in the management meetings
of the Global Environmental Facility, and as his country’s
spokesperson in the Intergovernmental Negotiating Com-
mittee for a Framework Convention on Climate Change,
Hyder is uniquely qualified to provide this clear and pro-
vocative point of view.

As Hyder observes, the current negotiations principally
involve three key “players,” each with distinct interests: the
United States, the rest of the industrialized countries, and the
developing world. Despite occasional differences of tactical
approach, the first two share a common long-term interest
quite different from the interests of the developing countries.
Hyder notes that the current global recession — a backdrop
for the climate talks — puts the industrialized countries inthe
driver’s seat for these and other global negotiations. Pressing
its advantage, the North has demanded various concessions
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from the South in exchange for offers of “aid” and technol-
ogy transfer. The pattern continues in the climate talks.

The South, for its part, seeks to give highest priority to
questions of long-term economic development. In this con-
text, Hyder urges against attacking the symptoms of climate
change, or jumping on the climate change bandwagon be-
cause it is the most fashionable problem of the day. Rather,
it is preferable that international negotiations focus on the
underlying economic causes of the current environmental
situation.

Hyder appreciates why environmental issues in general
— and the risks of rapid climate change in particular — have
taken an important place on the policy agenda of the North.
But he urges us to recognize the issues that take precedence
in the South: stable and assured access to world markets with
fair terms of trade, opportunities to attract new capital for
necessary investments, integration of scientific and techni-
cal advances into national development plans, and additional
finances to promote the shared goal of sustainable develop-
ment. Just as the neglect of environmental concerns leads to
economic problems, the neglect of the economic concerns of
developing countries will lead to environmental damage —
as a consequence of poverty, population increase, waste,
warfare, careless use of resources, and the adoption of
inferior technologies. The interrelatedness of the world no
longer allows countries in one part of the globe to profit at the
expense of those elsewhere.

Although all of the objectives of developing countries
cannot be achieved through the climate negotiations, Hyder
suggests that these talks may be the right vehicle for estab-
lishing several principles of mutual respect that could be the
basis for all successful future negotiations. These principles
include: equity, sovereignty, the right to development, the
need for sustainable development, recognition of the special
circumstances of developing countries, and a commitment to
international cooperation. If continued and sustained good-
will allows for agreement on these basic principles, the
prospects for achieving a successful, effective, and practical
climate convention are very good.

9 What’s Missing in this Picture?

As this discussion suggests, the risks of rapid global climate
change in our world — like the risks of global war in an
earlier era— are too complex and too important to be left to
the specialists. The causes and the impacts of global climate
change touch every aspect of human society and every
natural ecosystem from the poles to the equator. No country
or species is guaranteed immunity from the effects. No
region or group can be safely assured of escaping future
damages.

The risks of unrestrained buildup of greenhouse gases are
well-documented in the works of the IPCC and in the reports
of many national investigatory commissions. But the poten-
tial benefits of climate change are less well-understood.
More must be learned about these. Perhaps the most impor-
tant missing element in our picture of a world transformed by

greenhouse gas buildup is the recognition that this critical
threat to human societies can also be perceived as an incen-
tive for bold cooperation in efforts to build an equitable and
sustainable pattern of economic development. Pursuing the
“No Regrets” Strategy could transform international rela-
tions. We might leave behind the obsolete Cold-War per-
spective of a struggle to the death among lifelong enemies,
and gradually adopt a 21st century vision of mutually-
reinforcing economic competition in a world with many
centres of power. But if this new world is to survive,
competition must be guided both by a shared sense of
compassion and fairness toward the poor and a sustained
concem for the quality of the environment.

If you come away from this volume with one understand-
ing, it should be of the importance of linkages: the intercon-
nections between the risks of rapid climate change and so
many other problems of central concern to national govern-
ments, corporate leaders, non-governmental organizations,
and individual citizens. Climate change is inexorably linked
to ozone depletion, acid deposition and urban pollution,
deforestation and loss of biological diversity, and
desertification. It is intimately tied to the most vital economic
undertakings of our time — energy production and use,
transportation, agriculture, forestry, building construction,
industry and manufacturing, and so on. It affects (and is
affected by) the fundamental concerns of human society:
population growth, urban density and planning, manage-
ment (and mismanagement) of institutions, and the quality of
life for individuals and families. It is no accident that envi-
ronmental matters, and particularly global warming, have
captured the attention of schoolchildren around the planet.
What we decide now is shaping their world.

Finally, consideration of climate change is necessarily
involved in the great policy negotiations of our time — not
only through new environmental treaties, but also through
trade negotiations, water rights disputes, and international
security debates. The implementation of a framework con-
vention on climate change could affect all these issues.

Certainly, dealing with the risks of rapid climate change
would be easier if the risks themselves were well character-
ized and carefully quantified. Today, neither is completely
possible. Future rates of emissions growth can only be
estimated. The regional impacts of climate change can not be
predicted with confidence. The best efforts of the interna-
tional scientific community — embodied in billions of
dollars of research — will leave major uncertainties unre-
solved for decades to come. No reasonable amount of
additional research support would be enough to resolve all
these uncertainties before the end of the century. We can not
know how rapidly these conditions will change in the future,
or how long the processes of change will continue. We
cannot know if there will be some stable future equilibrium
climate, or if the planet will oscillate rapidly between widely
different, temporarily stable (i.e. meta-stable) climate states
— as the ice-core evidence suggests it did in the geologic
past.
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Heretofore, scientific uncertainties have allowed govern-
ments to assume that climate change dangers were unimpor-
tant, exaggerated or premature. Such nonchalance can no
longer be maintained without sobering political and environ-
mental consequences. While the effects cannot be defini-
tively tied to greenhouse gas emissions, the circumstantial
evidence is great and the risks of further danger are severe.
How then are governments, corporations, and individuals to
respond? Science offers us no quick fix or magic solution.
We face instead a problem of risk management. How soci-
eties deal with risk is a political and a financial problem,
more than it is an engineering question.

Our purpose in bringing together the opinions repre-
sented in this volume is to broaden the discussion of global
climate change and link it firmly with current international
discussions of politics and investment. We seek, in particu-
lar, to draw into the debate — and into the international
climate negotiations — two groups who are able to be highly
effective in the process now under way. These two groups
are: (1) senior officials in the economics, finance, trade and
development ministries of developing countries; and (2)
senior, responsible business executives in multinational
corporations — especially those managers who contemplate
making major investments in long-lived facilities that will
release significant quantities of greenhouse gas emissions
during the coming decades.

In highlighting the linkages, the uncertainties, the geopo-
litical implications, and equity considerations integral to
consideration of the climate problem, we seek not to over-
whelm or frighten these groups (or others) by exaggerating
the risks, but to challenge them by emphasizing the com-
plexities and the linkages to other issues of concern today.
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The challenge we offer to everybody is simple and stark: get
into the game now. Contribute to the process in an active
way, before a new bargain is struck. If you do not participate
with an open mind and full spirit, you may expect a regime
to emerge that is first flaccid, then draconian, cementing
inequities in global trade. It may constrain economic devel-
opment first in the South and then in the North, and obstruct
technology transfer in both directions. In the end, you will
have to learn to live with an outcome that will probably be
flawed, cumbersome, unbalanced, bureaucratic and imprac-
tical.

If, and only if, broad-based participation by all stakeholder
groups can be stimulated quickly, are we likely to achieve a
systematic, comprehensive, balanced, and pragmatic re-
sponse strategy that promotes the prospects for sustainable
development, promotes equity, and minimizes the irrevers-
ible environmental damages of abrupt climate change. We
offer this volume as a spur to that increased participation.

In conclusion, we want to emphasize that the international
process of managing the risks of rapid climate change is not
just an exercise in damage control. It offers an important —
and in some ways unique — opportunity: to use the threat of
global environmental change as a vehicle for expanding
international cooperation — on scientific as well as trade
issues — and as an incentive for the development of the
advanced, more efficient, and less polluting technologies
that can propel humankind forward into the 21st Century. If
the human race embraces the challenges which this opportu-
nity presents — enthusiastically, energetically and with
good courage — then we may truly be on the path to a
sustainable world.
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Living in a Warming World

A Thumbnail Sketch of this Book

The chapters which comprise this volume are divided into five groups.

The first group highlights the uncertainties in the current scientific understanding of the climate system, and the
implications of these uncertainties for the sense of political urgency surrounding the climate problem. These
chapters explore the feedbacks and linkages between the ocean, atmosphere, and terrestrial biota, whose actions
could push the overall system from a period of slow and gradual climate change into a period of accelerated, abrupt
and unpredictable reactions to the stress of an altered atmospheric balance. Several chapters focus on the lessons
that can be learned about the mechanisms of rapid future climate change from the study of natural archives of past
climate change — including air trapped in ice cores, fossil remains buried in seabed sediments and other
paleoclimatic data. The section concludes with a review of what we can deduce about current climate change from
the historical temperature record, and what we might learn about future rates of change from monitoring other sorts
of indicators.

The second group of chapters reviews the impacts of rapid climate change and their geopolitical implications.
Rapid climate change may exacerbate the intra- or inter-regional tensions caused by other problems: sea level rise,
food shortage, dwindling fresh-water resources, and weather-related disasters. The last chapter in this section
explores the relationships between climate change and population growth in the next century.

The third set of chapters focuses attention on one key contributor to greenhouse gas emissions —the supply and
use of energy. The first chapter in this section sets the global energy problem in perspective. The remaining chapters
highlight the technological opportunities and the institutional challenges to achieving a low-emissions future,
especially in the two sectors where the demand for fuel is sure to grow consistently during the decades ahead —
transportation and electricity.

The fourth section focuses on economic questions and institutional issues. It begins with a chapter that expiores
the economic impacts of a strategy to achieve near-term emissions reductions in an advanced industrial economy
— one which has already achieved substantial improvements in efficiency during the last two decades. The next
chapter analyses the challenges of comparing two very different policy response strategies —“No Regrets” vs. “Wait
and See.” A third chapter explores the linkages between negotiations on global trade, climate change and
technology transfer. Next comes a trio of chapters which all address the same question — but about different
subjects. Each asks: How can existing institutions evolve to meet most successfully the special challenges of
problems like the risks of rapid climate change? The first asks this question about international agencies, the second
about non-governmental organizations and the third about corporations.

The last section of this volume addresses the question of how to get an equitable bargain from the current
negotiations. The first chapter reviews various systems for assigning responsibility for past emissions and allocating
the rights to future emissions. The second chapter highlights the principal obstacles to reaching a cooperative
solution, from the point of view of the developing countries, and outlines a set of principles that could be the basis
for overcoming these obstacles. The final chapter proposes a flexible approach to the remaining negotiations that
couid lead the way to a cooperative resolution in the near-term debate.




CHAPTER 2

Linkages between Global Warming, Ozone Depletion, Acid

Deposition and Other Aspects of Global Environmental Change

Paul J. Crutzen and Georgii S. Golitsyn

Editor’s Introduction

Environmental problems do not occur in isolation from
each other; in fact there is often an ironically cruel
symmetry about them. For example, carbon dioxide (CO,)
is the indispensable feedstock for life on Earth and the
amount of CO, in the atmosphere regulates the process
known as “the greenhouse effect.” This effect is a funda-
mental geophysical mechanism that warms the lower

atmosphere and thus allows life to exist on the surface. The

buildup of CO, could thus be beneficial, stimulating plant
growth. However, the very rapid pace of growth of atmos-
pheric CO, (and other greenhouse gases), occurring at
present by many human activities, are expected to upset
the stability of traditional climates and dramatically alter
the conditions that support already strained human soci-
eties and natural ecosystems.

Environmental problems can not be separated from
human activities. Chlorofluorocarbons (CFCs) are an
entirely man-made family of industrial gases. For more
than three decades, these inexpensive and versatile com-
pounds — which are neither toxic, nor corrosive, nor
explosive — were touted as the “miracle drugs” of the
chemical industry. Now we know that they are an impor-
tant cause of stratospheric ozone depletion and also
contribute to the greenhouse effect. As a consequence of
our expanding knowledge of their environmental effects,
the traditional (and most dangerous) varieties of these
compounds are the focus of an internationally agreed
phaseout programme.

And finally, environmental activities are inextricably
woven into a complex tapestry of interactive atmospheric
and biological mechananisms. These natural feedback
processes have no regard for international conventions,
legal boundaries, or political ideologies. When the oxida-

tion products of exhaust gases from fossil fuel combustion
mixwithwater in the lower atmosphere, acidfallout results—
depositing acidic salts and liquids at locations hundreds or
even thousands of kilometres from the site of fuel combustion.
This acidic deposition interacts with other pollutants in air,
water, and soil to damage trees and aquatic ecosystems. If
acid fallout reduces the ability of forests to carry out photo-
synthesis or, similarly, if ozone depletion leads to the death of
marine phytoplankton that perform photosynthesis in the
ocean, the ability of the biota to remove carbon dioxide from
the air is reduced and global warming accelerated by the
enhanced greenhouse effect. Because these sorts of complex
linkages and feedback mechanisms are so vital to our under-
standing of global environmental change, we open this book
with a guide to understanding them. For Paul Crutzen and
Georgii Golitsyn, individual environmental issues are “symp-
toms” of deeper problems. Often these problems are linked
directly to human activities and national policies. There are
many cases where two seemingly unrelated pollution prob-
lems, or several widely separated disruptions of natural
ecosystems, can be traced to a single economically important
activity — such as fossil fuel use or deforestation. Most
important, environmental problems are often closely linked
by the effects of narrowly (mis)conceived policies which,
while trying to make one symptom less severe, often make
several problems worse.

Professor Paul Crutzen, a Dutch atmospheric chemist
directing the Air Chemistry Laboratory of the Max Planck
Institute in Mainz, Germany, and Academician Georgii
Golitsyn, an atmospheric physicist directing the Institute of
Atmospheric Physics of the Russian Academy of Sciences in
Moscow, have used scientific cooperation to create a benevo-
lent linkage of their own, bridging one of the major political
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gaps of the Twentieth Century—that between Germany and
Russia. Their collaboration on this chapter highlights the
technical complexities of atmospheric problems and the

1 The Context of Global Environmental Change
Evidence for environmental changes can be seen every-
where. We are all too familiar with it. Fewer birds and frogs
can be heard in our forests and wetlands, and fewer butter-
flies seen in our meadows than only a few decades ago.
Landscapes change as forests are cut for timber or to make
way for agricultural fields; orchards are cleared for expand-
ing industries and cities. Tropical forests are cleared for
pastures which become wastelands due to overgrazing.
Examples of such changes vary from place to place but have
much in common throughout the world. The effects of these
changes can be seen on local, regional and global scales —
they affect human health, the functioning of ecosystems,
atmospheric chemical composition, stratospheric ozone and
the Earth’s climate. But the causes of these changes, at root,
are only two: the growth of human populations, and the
careless growth of technology.

In this context, the task of the scientist is to observe,
discover and anticipate these disturbances, to quantify them,
to identify their causes, and increasingly to present policy
makers with options for the containment and reversal of
serious environmental damage. This is particularly chal-
lenging because of the range of problems which now involve
two or more nations, or, in some cases all nations of the
world. No human-decreed boundaries are observed by tropo-
spheric ozone, sulphuric and nitric acid (the ingredients of
acid rain), or the reactive chlorine and nitrogen oxide radi-
cals that destroy stratospheric ozone. In these cases the
medium of transfer is often the atmosphere. The atmosphere
is, however, not only a medium of transfer; chemical reac-
tions take place there as the pollutants combine, often
involving solar radiation as the energy source. Those reac-
tions become, in effect, secondary sources of pollution,
which have potentially even more environmental signifi-
cance than the direct emissions.

1.1 The importance of linkages
Many human actions have not just one but several environ-
mental consequences. For instance, buming of fossil fuel
produces not only a major greenhouse gas (carbon dioxide),
but also nitrogen oxides and sulphur dioxide (especially,
coal and many sorts of oil); and it introduces metals into the
atmosphere. Hence, acid rains and intoxication of soils and
water. The chlorofluorocarbons not only destroy ozone in
the stratosphere but are powerful greenhouse gases (on a per-
molecule basis). These kind of examples are well known, but
now more complex interconnections are surfacing.

We will describe several of these atmospheric chemical
combinations in this article; they are examples of the impor-
tant, but often unexpected linkages between environmental

challenges inherent in the search for comprehensive policy
solutions.
-IMM.

maladies. We use the word “linkages” to emphasize the fact
that seemingly unrelated human practices actually have
important chemical or physical relationships. This adds a
level of complexity to environmental protection efforts. It
means that measures meant to solve one problem can unex-
pectedly exacerbate another; well-intentioned policies can
produce the opposite of their desired results. The following
four examples demonstrate the prevalence of the “linkage
effect”:

« The high chimney solution: After the Second World War,
to alleviate severe local air pollution problems from indus-
trial emissions, high chimneys were built in many Euro-
pean and American cities. The consequence was, however,
that the pollutants — mainly sulphur dioxide (SO,), nitric
oxides (NO ), particulates, and heavy metals — were
transported over much longer distances, changing local
problems into regional and trans-boundary problems. In
some cases, this allowed the emissions to reach new eco-
systems which were insufficiently buffered against them.

*The reductions paradox: Today, to counteract the re-
gional buildup of tropospheric ozone and alleviate the acid
rain problem, environmental officials often call for reduc-
tions in emissions of nitric oxide (NO) and sulphur dioxide
(80,). However, reducing NO will also lead (as we shall see
shortly) to reduced hydroxyl (OH) concentrations in the
atmosphere. Because hydroxyl reacts with most atmos-
pheric gases, both of natural and anthropogenic origin, the
lowering of OH concentrations will lead to higher concen-
trations of many trace gases, the greenhouse gas methane
(CH,) being an important example. Reducing SO, will
reduce sulphate particle concentrations. The positive side-
effects of this are healthier air and a clearer view through
the atmosphere (better visibility); but on the other hand, it
will also lead to less reflection (“backscattering”) of solar
radiation to space, thus removing the “masking effect” of
these pollutant releases and increasing the warming of the
lower atmosphere (Charlson et al., 1990 and Wigley,
1991). Because sulphate particles are also probably the
main source of cloud condensation nuclei, lower SO,
emissions may lead to fewer cloud droplets, causing still
less backscattering of solar radiation to space, and maybe
reduced general cloudiness as well — which itself may
mean greater climate change.!

! Although the SO,-climate feedback is still speculative and in need of
quantification, the depicted chain of events appears quite feasible (IPCC,
1990).
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+ The hydrocarbon conundrum: To abate photochemical
smog formation, American environmental planners sought
ways to reduce emissions of reactive hydrocarbons (mostly
from auto and smokestack emissions) in the urban areas of
the US. Despite this effort, in many cases, especiallyn rural
areas, no significant reductions were observed in ozone
concentrations (McKeen et al.,, 1991). We now believe
these policies had underestimated the importance of the
fact that vegetation also emits hydrocarbons naturally.
Current policies thus lean more toward reducing NO (nitric
oxide) emissions. Although small when compared to those
of hydrocarbons, NO and NO, are most critical as catalysts
in the production of smog ozone. As a byproduct, however,
the new policy will also lead to lower concentrations of
hydroxyl radicals, and thus increase the concentrations and
the lifetime of methane in the atmosphere.

» The methylchloroform surprise: Prior to 1970, until it
was discovered that they contribute to photochemical smog
formation and lead to carcinogenic products, tri- and
tetrachloroethylene (C,HCI, and C,Cl,) were extensively
used for dry-cleaning purposes. Subsequently these chemi-
cals were phased out. As a replacement product, the much
less reactive compound trichloromethane (CH,CCl,, more
commonly called methylchloroform), was introduced into
the market. Unexpectedly, a substantial fraction of the
methylchloroform emissions reaches the stratosphere, con-
tributing to ozone depletion. The compound is now in-
cluded in the list of ozone-depleting substances to be
phased out by the year 2000 under the London Amendment
to the Montreal Protocol on Substances that Deplete the
Ozone Layer. When methylchloroform was first intro-

duced, the importance of OH radicals in cleaning the
atmosphere had not even been proposed. Unknowingly, a
significant local pollution problem was converted into a
global hazard.

1.2 The need for comprehensive solutions

Thus, simple acts do not produce simple effects — either in
creating problems or trying to fix them. However, the moral
lesson of linkages is of course not that we should abandon
environmental protection efforts in despair; but that we
should act with as much attention as possible to the interre-
lationships and dynamic processes of the total environment.
Thus, we plead in this chapter for comprehensive approaches,
and against piecemeal “‘solutions,” which too often lead to
the substitution of one problem by another, possibly more
severe one. We can also warn of some possible pitfalls, and
we emphasize the need for vigorous research on critical
environmental processes. Much of the scientific discussion
that follows is based on an excellent review by the Intergov-
ernmental Panel on Climate Change (IPCC, 1990).

2 Global Warming and its Environmental Effects
2.1 Temperature changes

During the 1980s, the painstaking work of reconstructing
mean global temperature changes, from the records of local
weather observations, was more-or-less completed. As a
result IPCC, 1990), we now know that since 1860, the global
mean surface air temperature has risen by about 0.5 °C. This
rise in temperatures has not taken place at a constant rate.
Noticeable temperature increases occurred between 1910
and 1940, and since the early 1970s. (See Figure 1 for a chart
of the changes.) In the years between, temperatures did not
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Figure 1. Global-mean combined land-air and sea surface temperatures from 1861 through1989, plotted relative
to the average (0.0) for the years 1951 through 1980. Note that the rise in temperatures has not taken place at a
consistent rate; noticeable increases occurred between 1910 and 1940, and since the early 1970s. Source: IPCC,




18 The Science of Climate Change

change much; but the 1980s have produced the six warmest
years on record, and 1990 was far (about 0.2 °C) warmer than
the three previous warmest years (1981, 1988 and 1989).

Based on paleoclimatic information from warmer epochs
and climate models, researchers have concluded that the
expected warming will eventually be much more marked at
higher latitudes and during winter. Although temperature
records in Siberia may appear consistent with such a change,
records in North America do not agree with it. Furthermore,
the transition to a new climate state may initially not reflect
the expected changes, due to the inertia of the climate system
— in particular the ocean circulation and cryospheric proc-
esses. Climate researchers also agree that the observed
increase of mean global surface temperature is caused, at
least partly, by the observed increase in concentrations of the
greenhouse gases in particular: carbon dioxide (CO,), meth-
ane (CH,), nitrous oxide (N,O), the chlorofluorocarbon
gases (CFCl, and CF,CL), and low-stratospheric and tropo-
spheric ozone (whose effect on global warming is rather
complex, as we will discuss later in this article).

It is clear that, without countermeasures, the observed
changes in the composition of the atmosphere as a result of
man’s activity will continue, with adverse direct effects on
the biosphere and substantial risks.

Even under the most favourable of assumptions, the
global average temperature increase estimated by the Inter-
governmental Panel for Climate Change (IPCC, 1990) for
the next century is at least 1 °C. That may seem rather minor
but, in fact, the rate is much faster than the most rapid
previous rate of warming in the present geological era —
which has been deduced at about 5 °C during the few
thousand year transition between the last glacial and the
present interglacial periods (NAS, 1983). The maximum
temperature increase which is considered credible for the
next century in the IPCC scenarios, 5.5 °C, would put the
world into climate conditions approaching those that may
have existed during the Cretaceous, some hundred million
years ago, when the continent-ocean distribution was much
different from the present. Thus, there is a significant risk for
creating, within only a few generations, “another world” to
which many ecosystems and a vastly expanded human
population may not be able to adapt.

2.2 Precipitation and ocean levels

Often precipitation is of even greater importance than tem-
perature in its impact, especially on agriculture. Assembling
statistics on this is very difficult because precipitation varies
even more than temperatures, both in time and space. The

2 We will not repeat the arguments regarding the detection of the
greenhouse warming versus natural climate variability. (It still cannot be
excluded that the observed temperature rise may be due to this.) For a
discussion, the reader is referred to the first part of the report “Scientific
Assessment of the Climate Change” (IPCC, 1990), or to Wigley et al.,
(1992; this volume).

overall effect on soil moisture content and thus plant produc-
tivity in space and time is of particular importance.

A third important, large scale factor is the increase in the
level of the world oceans (as discussed in Warrick and
Rahman, 1992, this volume). Reconstruction of the historic
record for the last 100 years shows that the mean sea level has
increased by about 15 cm (IPCC, 1990). Only about half of
this can be explained by the melting of mountain glaciers,
and the thermal expansion of water in the warmer oceans,
indicating uncertainties in present scientific knowledge.
Estimates for the middle of the next century predict a further
sea level rise by 20 to 70 cm, depending on which climate
scenario and model is used (IPCC, 1990).

For many low countries, especially in South Asia, this
constitutes an increasing threat with potentially disastrous
consequences, tragically demonstrated by the many hundred
thousands of deaths resulting from the April 1991 storm
surge and flood in Bangladesh. Although not proven to be
connected to climate change, the threat for a greater fre-
quency of such events may increase due to sea level rise and
the expected, more frequent tropical cyclones resulting from
increases in sea surface temperatures.

3 The Role of Feedback Mechanisms

We can best understand the interrelationships between these
factors through their many positive and negative feedbacks.
A feedback mechanism is a process in which a force that
affects a system is itself made stronger or weaker by the
reaction of that system. In this chapter, we use the concept of
feedbacks as aids in building a growing understanding of
how a particular action may beneficially, or adversely, affect
the entire system.

3.1 Positive feedback: effects of warming
on snow and ice

For example, consider how temperature change affects re-
gions covered in snow and ice. Warmer temperatures melt
the snow and ice cover, which means that the darker land
surface underneath is revealed; this darker surface absorbs
more solar energy, causing still further temperature in-
creases. In this example of positive feedback, the warming
temperature “reinforces” itself. The temperature change, as
aresult, will be more dramatic than anyone would ordinarily
expect. This is the main reason for the stronger-than-average
climate warming at high latitudes. In general, when positive
feedback takes place, it exacerbates the effect of the new
force, and makes it stronger.

3.2 Negative feedback: cloud formation
Sometimes, however, there is a negative feedback effect. It
undermines a force exerted on the environment. The result
may be to move the system in the opposite direction from
what would be expected if only positive or amplifying
feedbacks were present.

An example of negative feedback is provided by proc-
esses that increase the extent of cloud cover. When the Earth
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surface grows warmer, more water evaporates. That means
that more clouds are formed; those clouds, in turn, reflect
more solar radiation back into space than the darker ground
beneath them would reflect. As a result, the Earth surface
grows cooler. The realization of this effect can be seen in the
fact that the total cloud amount in any region, northern or
southern hemisphere, is larger in summer than in winter.
It should, however, be noted that cloud processes can
cause both positive and negative feedbacks, with the latter
being potentially stronger. High and thus cold clouds can
also enhance the greenhouse effect, as they trap upward
going thermal radiation from the warmer Earth surface and
lower atmosphere, while emitting less energy to space — a
positive feedback. The opposite 1s the case for low clouds.

4 Projections for Future Climate
The climate of the next few decades to centuries depends
primarily on three factors:

« the levels of future greenhouse gas emissions,
« the chemical fate of these gases in the atmosphere,

« the response (feedbacks) of the total climate system (land,
sea, ice and snow) and biosphere (system of Earth life
forms) to increasing greenhouse gas forcing.

From our horizon today, it is hard to see which of the
above factors is most critical. However, we can only influ-
ence the first one directly and the last one indirectly. Some
have recommended larger scale geo-engineering efforts to
directly manipulate climate — e.g. by enhancing the sul-
phate levels in the stratosphere. However, such efforts may
spur feedback processes with unexpected and maybe delete-
rious effects, such as additional stratospheric ozone deple-
tion.

4.1 Effects of business as usual

Despite the inherent uncertainties of climate projections®, we
have enough information to make some definite assertions.
We know that if society proceeds in “the business as usual”
mode of operation, the equivalent doubling of CO, would be
reached in less than 40 years from now (IPCC, 1990). (That
figure includes the direct warming effect — i.e. radiative
forcing — on the surface temperature from all greenhouse
gases.)

The projections for future climate are done now by using
results of climate models and using data on past warmer
epochs (assuming, with some justification from reconstruc-
tions, that at least zonal distributions of changes are similar

3 There will always be uncertainties about our projections for future
climate and state of the environment, but research to be carried out in the
International Geosphere-Biosphere and the World Climate Programs is

aimed at reducing them.

for these epochs). Admittedly, both methods of estimating
climate change — from paleoclimatic evidence and from
climate models — have their deficiencies and uncertainties.
The latter arise mostly from inadequate description of cloud
processes and their interaction with the Earth radiation field
(e.g. most models produce a maximum cloud amount in
winter - contrary to the observations). Because of the lag
effect, due to heat uptake in ocean waters and incomplete
representation of ocean heat transfer, the estimated tempera-
ture increases of 1.5 to 5.5 °C may be delayed by 20-30 years
or more. Nevertheless, as we have already noted, even the
slowest expected temperature increase rates of our era are
very fast on geological time scales. '

Even more important for agriculture, forestry, fisheries,
and water resources are predictions of the geographical and
seasonal distribution of changes in surface temperatures,
precipitation, soil moisture content, winds, clouds, frequency
of droughts and floods, and length of the frost-free season.
Here, something can also be learned from paleoclimatic
studies and maybe from present records, but most of these
questions must await future res