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wo strands of environmental phi-

losophy run through the course

of human history. The first holds
that the natural state of the universe is one
of infinite stability, with an unchanging
earth anchoring the predictable revolu-
tions of the sun, moon, and stars. Every
scientific revolution that challenged this
notion, from Copernicus’ heliocentricity
to Hubble’s expanding universe, from We-
gener’s continental drift to Heisenberg’s
uncertainty and Lorenz’s macroscopic
chaos, met with fierce resistance from
religious, political, and even scientific he-
gemonies.

The second strand also sees the natu-
ral state of the universe as a stable one
but holds that it has become destabilized
through human actions. The great floods
are usually portrayed in religious traditions
as attempts by a god or gods to cleanse the
earth of human corruption. Deviations
from cosmic predictability, such as mete-
ors and comets, were more often viewed
as omens than as natural phenomena. In
Greek mythology, the scorching heat of
Africaand the burnt skin of its inhabitants
were attributed to Phaeton, an offspring
of the sun god Helios, who, having lost a
wager to his son, was obliged to allow him
to drive the sun chariot across the sky. In
this primal environmental catastrophe,
Phaeton lost control and fried the earth,
killing himself in the process.

These two fundamental ideas have
permeated many cultures through much
of history. They strongly influence views
of climate change to the present day.

The myth of natural stability

In 1837, Louis Agassiz provoked public
outcry and scholarly ridicule when he
proposed that many puzzles of the geologic
record, such as peculiar scratch marks on
rocks, and boulders far removed from
their bedrock sources, could be explained
by the advance and retreat of huge sheets
of ice. This event marked the beginning
of a remarkable endeavor, today known as
paleoclimatology, which uses physical and
chemical evidence from the geological re-
cord to deduce changes in the earth’s cli-
mate over time. This undertaking has pro-
duced among the most profound yet least
celebrated scientific advances of our era.
We now have exquisitely detailed knowl-
edge of how climate has varied over the
last few million years and, with progres-
sively less detail and more uncertainty, how
it has changed going back in time to the
age of the oldest rocks on our 4.5-billion-
year-old planet.

For those who take comfort in stabil-
ity, there is little consolation in this record.
Within the past three million years or so,
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our climate has swung between mild states,
similar to today’s and lasting from ten to
20 thousand years, and periods of 100,000
years or so in which giant ice sheets, in
some places several miles thick, covered
northern continents. Even more unset-
tling than the existence of these cycles is
the suddenness with which the climate can
apparently change, especially as it recovers
from glacial eras.

Over longer intervals of time, the cli-
mate has changed even more radically. Dur-
ing the early part of the Focene era, around
50 million years ago, the earth was free of
ice, and giant trees grew on islands near the
North Pole, where the annual mean tem-
perature was about 60°F, far warmer than
today’s mean of about 30. There is also
some evidence that the earth was almost
entirely covered with ice at various times
around 500 million years ago; in between,
the planet was exceptionally hot.

What explains these changes? For cli-
mate scientists, the ice cores in Greenland
and Antarctica provide the most intriguing
clues. As the ice formed, it trapped bubbles
of atmosphere, whose chemical composi-
tion—including, for example, its carbon
dioxide and methane content—can now
be analyzed. Moreover, it turns out that
the ratio of the masses of two isotopes of
oxygen locked up in the molecules of ice
is a good indicator of the air temperature
when the ice was formed. And to figure out
when the ice was formed, one can count
the layers that mark the seasonal cycle of
snowfall and melting.

Relying on such analyses of ice cores
and sediment cores from the deep ocean,
climate scientists have learned something
remarkable: the ice-age cycles of the past
three million years are probably caused
by periodic oscillations of the earth’s or-
bit that affect primarily the orientation of
the earth’s axis. These oscillations do not
much affect the amount of sunlight that
reaches the earth, but they do change the
distribution of sunlight with latitude. This
distribution matters because land and wa-

ter absorb and reflect sunlight differently,
and the distributions of land and water—
continents and oceans—are quite different
in the northern and southern hemispheres.
Ice ages occur when, as a result of orbital
variations, the arctic regions intercept rela-
tively little summer sunlight so that ice and
snow do not melt as much.

The timing of the ice ages, then, is
the combined result of the earth’s orbit
and its basic geology. But this combina-
tion does not explain either the slow pace
of the earth’s descent into the cold phases
of the cycle or the abrupt recovery to in-
terglacial warmth evident in the ice-core
records. More disturbing is the evidence
that these large climate swings—from gla-
cial to interglacial and back—are caused by
relatively small changes in the distribution
of sunlight with latitude. Thus, on the time
scale of ice ages, climate seems exquisitely
sensitive to small perturbations in the dis-
tribution of sunlight.

And yet for all this sensitivity, the earth
never suffered either of the climate catas-
trophes of fire or ice. In the fire scenario,
the most effective greenhouse gas—water
vapor—accumulates in the atmosphere as
the earth warms. The warmer the atmos-
phere, the more water vapor can accumu-
late; as more water vapor accumulates,
more heat gets trapped, and the warming
spirals upward. This uncontrolled feed-
back is called the runaway greenhouse
effect, and it continues until the oceans
have all evaporated, by which time the
planet is unbearably hot. One has only to
look as far as Venus to see the end result.
Any oceans that may have existed on that
planet evaporated eons ago, yielding a su-
per greenhouse inferno and an average
surface temperature of around 900°F.

Death by ice can result from another
runaway feedback. As snow and ice accu-
mulate progressively equatorward, they
reflect an increasing amount of sunlight
back to space, further cooling the planet
until it freezes into a “snowball earth.” It
used to be supposed that once the planet
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reached such a frozen state, with almost all
sunlight reflected back to space, it could
never recover; more recently it has been
theorized that without liquid oceans to
absorb the carbon dioxide continuously
emitted by volcanoes, that gas would ac-
cumulate in the atmosphere until its green-
house effect was finally strong enough to
start melting the ice.

It would not take much change in the
amount of sunlight reaching the earth to
cause one of these catastrophes. And so-
lar physics informs us that the sun was
about 25 percent dimmer early in the
earth’s history, which should have led to
an ice-covered planet, a circumstance not
supported by geological evidence.

So what saved the earth from fire
and ice?

Life itself may be part of the answer
to the riddle of the faint young sun. Our
atmosphere is thought to have originated
in gases emitted from volcanoes, but the
composition of volcanic gases bears little
resemblance to air as we know it today.
It is thought that the early atmosphere
consisted mostly of water vapor, carbon
dioxide, sulfur dioxide, chlorine, and ni-
trogen. There is little evidence that there
was much oxygen—until the advent of
life. The first life forms helped produce
oxygen through photosynthesis and trans-
formed the atmosphere into something
like today’s, consisting mostly of nitro-
gen and oxygen with trace amounts of
water vapor, carbon dioxide, methane,
and other gases. Carbon-dioxide content
probably decreased slowly with time ow-
ing to chemical weathering, possibly aided
by biological processes. As the composi-
tion changed, the net greenhouse effect
weakened, compensating for the slow but
inexorable brightening of the sun.

Thus early life dramatically changed
the planet. We humans are only the most
recent species to do so.

The compensation between increasing
solar power and decreasing greenhouse
effect may not have been an accident. In
the 1960s, James Lovelock proposed that
life actually exerts a stabilizing influence
on climate by producing feedbacks favor-
able to itself. He called his idea the Gaia
hypothesis, named after the Greek earth
goddess. But even according to this view,
life is only preserved in the broadest sense:
individual species, such as those that trans-
formed the early atmosphere, altered the
environment at their peril.

Greenhouse physics

s this sketch of the planet’s early cli-
matic history shows, the greenhouse
effect plays a critical role in the earth’s
climate, and no sensible discussion of
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climate could proceed without grasping
its nature. (A cautionary note: the green-
house metaphor itself is flawed. Whereas
actual greenhouses work by preventing
convection currents from carrying away
heat absorbed from sunlight, the atmos-
phere prevents heat from radiating away
from the surface.)

The greenhouse effect has to do with
radiation, which in this context refers to
energy carried by electromagnetic waves,
which include such phenomena as visible
light, radio waves, and infrared radiation.
All matter with a temperature above abso-
lute zero emits radiation. The hotter the
substance, the more radiation it emits and
the shorter the average wavelength of the
radiation emitted. A fairly narrow range of
wavelengths constitute visible light. The
average surface temperature of the sun is
about 10,000°F, and the sun emits much of
its radiation as visible light, with an aver-
age wavelength of about half a micron. (A
micron is one millionth of a meter; there
are 25,400 micronsinaninch.) The earth’s
atmosphere emits as though its average
temperature were around 0°F, atan average
wavelength of about 15 microns. Our eyes
cannot detect this infrared radiation. It is
important to recognize that the same object
can both emit and absorb radiation: when
an object emits radiation it loses energy,
and this has the effect of cooling it; absorp-
tion, on the other hand, heats an object.

Most solids and liquids absorb much of
the radiation they intercept, and they also
emit radiation rather easily. Air is another
matter. It is composed almost entirely of
oxygen and nitrogen, each in the form of
two identical atoms bonded together in a
single molecule. Such molecules barely
interact with radiation: they allow free pas-
sage to both solar radiation moving down-
ward to the earth and infrared radiation
moving upward from the earth’s surface.
If that is all there were to the atmosphere,
it would be a simple matter to calculate the
average temperature of the earth’s surface:
it would have to be just warm enough to
emit enough infrared radiation to balance
the shortwave radiation it absorbed from
the sun. (Were it too cool, it would emit
less radiation than it absorbed and would
heat up; conversely, were it too warm it
would cool.) Accounting for the amount
of sunlight reflected back to space by the
planet, this works out to be about 0°F, far
cooler than the observed mean surface
temperature of about 60°F.

Fortunately for us, our atmosphere
contains trace amounts of other substances
that do interact strongly with radiation.
Foremostamong these is water, H,O, con-
sisting of two atoms of hydrogen bonded
to a single atom of oxygen. Because of its
more complex geometry, it absorbs and
emits radiation far more efficiently than
molecular nitrogen and oxygen. In the
atmosphere, water exists both in its gas
phase (water vapor) and its condensed
phase (liquid water and ice) as clouds and
precipitation. Water vapor and clouds ab-
sorb sunlight and infrared radiation, and
clouds also reflect sunlight back to space.
The amount of water vapor in a sample of
air varies greatly from place to place and
time to time, but in no event exceeds about
two percent of the mass of the sample. Be-
sides water, there are other gases that inter-
act strongly with radiation; these include
CO,, or carbon dioxide (presently about

380 tons for each million tons of air), and
CH,, or methane (around 1.7 tons for each
million tons of air).

Collectively, the greenhouse gases are
nearly transparent to sunlight, allowing the
short-wavelength radiation to pass virtu-
ally unimpeded to the surface, where much
of it is absorbed. (But clouds both absorb
and reflect sunlight.) On the other hand,
these same gases absorb much of the long-
wavelength, infrared radiation that passes
through them. To compensate for the heat-
ing this absorption causes, the greenhouse
gases must also emit radiation, and each
layer of the atmosphere thus emits infrared
radiation upward and downward.

As a result, the surface of the earth
receives radiation from the atmosphere
as well as the sun. It is a remarkable fact
that, averaged over the planet, the surface
receives more radiation from the atmos-
phere than directly from the sun! To bal-
ance this extra input of radiation—the
radiation emitted by atmospheric green-
house gases and clouds—the earth’s sur-
face must warm up and thereby emit more
radiation itself. This is the essence of the
greenhouse effect.

If air were not in motion, the observed
concentration of greenhouse gases and
clouds would succeed in raising the aver-
age temperature of the earth’s surface to
around 85°F, much warmer than observed.
In reality, hot air from near the surface
rises upward and is continually replaced
by cold air moving down from aloft; these
convection currents lower the surface
temperature to an average of 60°F while
warming the upper reaches of the atmos-
phere. So the emission of radiation by
greenhouse gases keeps the earth’s surface
warmer than it would otherwise be; at the
same time, the movement of air dampens
the warming effect and keeps the surface
temperature bearable.

Why the climate problem is difficult

his basic climate physics is entirely

uncontroversial among scientists.
And if one could change the concentration
of a single greenhouse gas while holding
the rest of the system (except its temper-
ature) fixed, it would be simple to calcu-
late the corresponding change in surface
temperature. For example, doubling the
concentration of CO, would raise the av-
erage surface temperature by about 1.4°F,
enough to detect but probably not enough
to cause serious problems. Almost all the
controversy arises from the fact that in re-
ality, changing any single greenhouse gas
will indirectly cause other components of
the system to change as well, thus yield-
ing additional changes. These knock-on
effects are known as feedbacks, and the
most important and uncertain of these
involves water.

A fundamental difference exists be-
tween water and most other greenhouse
gases. Whereas a molecule of carbon di-
oxide or methane might remain in the
atmosphere for hundreds of years, water
is constantly recycled between the atmos-
phere, land surface, and oceans, so that
a particular molecule of water resides in
the atmosphere for, on average, about two
weeks. On climate time scales, which are
much longer than two weeks, atmospheric
water is very nearly in equilibrium with

BOSTON REVIEW



PHAETON’S REINS

the surface, which means that as much
water enters the atmosphere by evaporat-
ing from the surface as is lost to the sur-
face by rain and snow. One cannot simply
tally up the sources and sinks and figure
out which wins; a more involved argument
1s needed.

To make matters worse, water vapor
and clouds are far and away the most im-
portant greenhouse substances in the at-
mosphere, and clouds also affect climate
not only by sending infrared radiation back
to earth and warming it up but by reflect-
ing sunlight back into space, thus cooling
the planet. Water is carried upward from
its source at the surface by convection
currents, which themselves are a byprod-
uct of the greenhouse effect, which tends
to warm the air near the surface. Simple
physics as well as detailed calculations us-
ing computer models of clouds show that
the amount of water vapor in the atmos-
phere is sensitive to the details of the phys-
ics by which tiny cloud droplets and ice
crystals combine into larger raindrops and
snowflakes, and how these in turn fall and
partially re-evaporate on their way to the
surface. The devil in these details seems to
carry much authority with climate.

This complexity is limited, however,
because the amount of water in the atmos-
phere is subject to a fundamental and im-
portant constraint. The concentration of
water vapor in any sample of air has a strict
upper limit that depends on its tempera-

wildly different estimates of how clouds
might change with changing climate, thus
constituting the largest source of uncer-
tainty in climate-change projections.

A further complication in this already
complex picture comes from anthro-
pogenic aerosols—small solid or liquid
particles suspended in the atmosphere.
Industrial activity and biomass burning
have contributed to large increases in the
aerosol content of the atmosphere, and
this is thought also to have had a large ef-
fect on climate.

The main culprits are the sulfate
aerosols, which are created through at-
mospheric chemical reactions involving
sulfur dioxide, another gas produced by
the combustion of fossil fuels. These tiny
particles reflect incoming sunlight and, to
a lesser degree, absorb infrared radiation.
Perhaps more importantly, they also serve
as condensation nuclei for clouds. When
a cloud forms, water vapor does not form
water droplets or ice crystals spontane-
ously but instead condenses onto pre-ex-
isting aerosol particles. The number and
size of these particles determines whether
the water condenses into a few large drop-
lets or many small ones, and this in turn
strongly affects the amount of sunlight
that clouds reflect and the amount of ra-
diation they absorb.

It is thought that the increased reflec-
tion of sunlight to space—both directly
by the aerosols themselves and through

To understand long-term climate change,
it is essential to appreciate that detailed
forecasts cannot, even in principle, he
made beyond a few weeks.

ture and pressure: in particular, this limit
rises very rapidly with temperature. The
ratio of the actual amount of water vapor
in a sample to this limiting amount is the
familiar quantity called relative humidity.
Calculations with a large variety of com-
puter models and observations of the at-
mosphere all show that as climate changes,
relative humidity remains approximately
constant. This means that as atmospheric
temperature increases, the actual amount
of water vapor increases as well. But water
vapor is a greenhouse gas. So increasing
temperature increases water vapor, which
leads to further increases in temperature.
This positive feedback in the climate sys-
tem is the main reason why the global mean
surface temperature is expected to increase
somewhat more than the 1.4°F that dou-
bling CO, would produce in the absence of
feedbacks. (At very high temperatures, the
water vapor feedback can run away, leading
to the catastrophe of a very hot planet, as
mentioned before.)

The amount and distribution of water
vapor in the atmosphere is also important
in determining the distribution of clouds,
which play a complex role in climate. On
the one hand, they reflect about 22 percent
of the incoming solar radiation back to
space, thereby cooling the planet. On the
other hand, they absorb solar radiation and
both absorb and emit infrared radiation,
thus contributing to greenhouse warming.
Different global climate models produce
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their effect on increasing the reflectivity
of clouds—outweighs any increase in their
greenhouse effect, thus cooling the planet.
Unlike the greenhouse gases, however, sul-
fate aerosols only remain in the atmosphere
a few weeks before they are washed out by
rain and snow. Their abundance is propor-
tional to their rate of production—as soon
as production decreases, sulfate aerosols
follow suit. Since the early 1980s, im-
proved technology and ever more stringent
regulations have diminished sulfate aero-
sol pollution in the developed countries,
aided by the collapse of the USSR and the
subsequent reduction of industrial output
there. On the other hand, sources of sulfate
aerosols have been steadily increasing in
Asia and the developing countries, so it is
unclear how the net global aerosol content
has been changing over the past 25 years.

Important uncertainties enter the pic-
ture, then, with water (especially clouds)
and airborne particulates. But the uncer-
tainties actually go much deeper: indeed,
to understand long-term climate change,
it is essential to appreciate that detailed
forecasts cannot, even in principle, be made
beyond a few weeks. That is because the
climate system, at least on short time
scales, is chaotic.

The essential property of chaotic sys-
tems is that small differences tend to mag-
nify rapidly. Think of two autumn leaves
that have fallen next to each other in a tur-
bulent brook. Imagine following them as
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they move downstream on their way to the
sea: at first, they stay close to each other,
but the eddies in the stream gradually sepa-
rate them. At some point, one of the leaves
may get temporarily trapped in a whirlpool
behind a rock while the other continues
downstream. It is not hard to imagine that
one of the leaves arrives at the mouth of the
river days or weeks ahead of the other. It is
also not hard to imagine that a mad scien-
tist, having equipped our brook with all
kinds of fancy instruments for measuring
the flow of water and devised a computer
program for predicting where the leaves
would go, would find it almost impossible
to predict where the leaf would be even an
hour after it started its journey.

Let’s go back to the two leaves just af-
ter they have fallen in the brook, and say
that at this point they are ten inches apart.
Suppose that after 30 minutes they are ten
feet apart, and this distance increases with
time. Now suppose that it were possible to
rewind to the beginning but this time start
the leaves only five inches apart. It would
not be surprising if it took longer—say an
hour—before they are once again 10 feet
apart. Keep rewinding the experiment,
each time decreasing the initial distance
between the leaves. You might suppose
that the time it takes to get 10 feet apart
keeps increasing indefinitely. But for many
physical systems (probably including
brooks), this turns out not to be the case.
As you keep decreasing the initial separa-
tion, the increases in the amount of time
it takes for the leaves to be separated by
10 feet get successively smaller, so much
so that there 1s a definite limit : no matter
how close the leaves are when they hit the
water, it will not take longer than, say, six
hours for them to be ten feet apart.

The same principle applies if, instead
of having two leaves, we have a single leaf
and a computer model of the leaf and the
stream that carries it. Even if the computer
model is perfect and we start off with a
perfect representation of the state of the
brook, any error—even an infinitesimal
one—in the timing or position of the leaf
when it begins its journey will lead to the
forecast being off by at least ten feet after
six hours, and greater distances at longer
times. Prediction beyond a certain time is
impossible.

Not all chaotic systems have this prop-
erty of limited predictability, but our atmos-
phere and oceans, alas, almost certainly do.
Asaresult, itis thought that the upper limit
of the predictability of weather is around
two weeks. (That we are not very close to
this limit is a measure of the imperfection
of our models and our measurements. )

While the day-to-day variations of the
weather are perhaps the most familiar ex-
amples of environmental chaos, variations
at longer time scales can also behave cha-
otically. EI Nifio is thought to be chaotic
in nature, making it difficult to predict
more than a few months in advance. Other
chaotic phenomena involving the oceans
have even longer time scales, but beyond a
few years it becomes increasingly difficult
for scientists to tell the difference between
chaotic natural variations and what cli-
mate scientists called “forced” variability.
But this difference is important for un-
derstanding the human role in producing
climate change.

On top of the natural, chaotic “free”
variability of weather and climate are

changes brought about by changing “forc-
ing,” which is usually considered to involve
factors that are not themselves affected by
climate. The most familiar of these is the
march of the seasons, brought about by
the tilt of the earth’s axis, which itself is
independent of climate. The effects of this
particular forcing are not hard to separate
from the background climate chaos: we
can confidently predict that January will be
colder than July in, say, New York. Other
examples of natural climate forcing include
variations in solar output, and volcanic
eruptions, which inject aerosols into the
stratosphere and thereby cool the climate.

Some of this natural climate forcing
is chaotic in nature, but some of it is pre-
dictable on long time scales. For example,
barring some catastrophic collision with a
comet or asteroid, variations of the earth’s
orbitare predictable many millions of years
into the future. On the other hand, volca-
nic activity is unpredictable. In any event,
the actual climate we experience reflects
a combination of free (unforced), chaotic
variability, and changes brought about by
external forcing, some of which, like vol-
canic eruptions, are themselves chaotic.
And part of this forced climate variability
is brought about by us human beings.

Determining humanity’s influence

n important and difficult issue in

detecting anthropogenic climate
change is telling the difference between
natural climate variations—both free and
forced—and those that are forced by our
own activities.

One way to tell the difference is to
make use of the fact that the increase in
greenhouse gases and sulfate aerosols
dates back only to the industrial revolu-
tion of the 19th century: before that, the
human influence is probably small. If we
can estimate how climate changed before
this time, we will have some idea of how
the system varies naturally. Unfortunately,
detailed measurements of climate did not
themselves really begin in earnest until
the 19th century; but there are “proxies”
for quantities like temperature, recorded
in, for example, tree rings, ocean and lake
plankton, pollen, and corals.

Plotting the global mean temperature
derived from actual measurements and
from proxies going back a thousand years
or more reveals that the recent upturn in
global temperature is truly unprecedented:
the graph of temperature with time shows
a characteristic hockey-stick shape, with
the business end of the stick representing
the upswing of the last 50 years or so. But
the proxies are imperfect and associated
with large margins of error, so any hockey-
stick trends of the past may be masked,
though the recent upturn stands above
even a liberal estimate of such errors.

Another way to tell the difference is to
simulate the climate of the last 100 years or
so with climate models. Computer model-
ing of global climate is perhaps the most
complex endeavor ever undertaken by
mankind. A typical climate model consists
of millions of lines of computer instruc-
tions designed to simulate an enormous
range of physical phenomena, including
the flow of the atmosphere and oceans, con-
densation and precipitation of water inside
clouds, the transfer of solar and terrestrial
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radiation through the atmosphere, includ-
ing its partial absorption and reflection by
the surface, by clouds and by the atmos-
phere itself, the convective transport of
heat, water, and atmospheric constituents
by turbulent convection currents, and vast
numbers of other processes. There are by
now a few dozen such models in the world,
but they are not entirely independent of
one another, often sharing common pieces
of computer code and common ancestors.

Although the equations representing
the physical and chemical processes in
the climate system are well known, they
cannot be solved exactly. It is computa-
tionally impossible to keep track of every
molecule of air and ocean, and to make the
task viable, the two fluids must be divided
up into manageable chunks. The smaller
and more numerous these chunks, the
more accurate the result, but with today’s
computers the smallest we can make these
chunks in the atmosphere is around 100
miles in the horizontal and a few hundred
yards in the vertical, and a bit smaller in
the ocean. The problem here is that many
important processes are much smaller
than these scales. For example, cumulus
clouds in the atmosphere are critical for
transferring heat and water upward and
downward, but they are typically only a
few miles across and so cannot be simu-
lated by the climate models. Instead, their
effects must be represented in terms of the
quantities like wind and temperature that
pertain to the whole computational chunk
in question. The representation of these
important but unresolved processes is an
art form known by the awful term param-
eterization, and it involves numbers, or
parameters, that must be tuned to get the
parameterizations to work in an optimal
way. Because of the need for such artifices,
a typical climate model has many tunable
parameters, and this is one of many reasons
that such models are only approximations
to reality. Changing the values of the pa-
rameters or the way the various processes
are parameterized can change not only the
climate simulated by the model, but the
sensitivity of the model’s climate to, say,
greenhouse-gas increases.

How, then, can we go about tuning the
parameters of a climate model in such a way
as to make it a reasonable facsimile of real-
ity? Here important lessons can be learned
from our experience with those close cous-
ins of climate models, weather-prediction
models. These are almost as complicated
and must also parameterize key physical
processes, but because the atmosphere is
measured in many places and quite fre-
quently, we can test the model against real-
ity several times per day and keep adjusting
its parameters (that is, tuning it) until it
performs as well as it can. But with climate,
there are precious few tests. One obvious
hurdle the model must pass is to be able to
replicate the current climate, including key
aspects of its variability, such as weather
systems and El Nifio. It must also be able
to simulate the seasons in a reasonable way:
the summers must not be too hot or the
winters too cold, for example.

Beyond a few simple checks such as
these, there are not too many ways to test
the model, and projections of future cli-
mates must necessarily involve a degree of
faith. The amount of uncertainty in such
projections can be estimated to some extent
by comparing forecasts made by many dif-
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One of those voices was biologically female and it said,

Put your hand under my mouth,

but don’t nuzzle me with your bulldozer the color of Faster.

When a man with rough skin starts undressing himself, he may warble

like a fountain, or brides—

I watched the sides of his mouth quiver in what could only be described as a

gesture of panic.

Was his torso so gilded in birch leaves? Were his nipples excited by fall?

don’t remember

the name of your friend from Montreal,

but ’m sure bugs don’t bother him much up there

as they hear the blood pulse through his sweater and tiny scarf.

One does think about bodily delight—

And that makes the tongue burn towards an earlobe,

then the low or soft shoulder beckons,

and I’m back at your starting point, which you were right to call an

interstate

chiseled across our hayfield.

—Stephanie Cleveland

ferent models, with their different param-
eterizations (and, very likely, different sets
of coding errors). We operate under the
faith that the real climate will fall among
the projections made with the various mod-
els; in other words, that the truth will lie
somewhere between the higher and lower
estimates generated by the models.

The figure below shows the results of
two sets of computer simulations of the
global average surface temperature of the
20th century using a particular climate
model. In the first set, denoted by the
darker shade of gray, only natural, time-
varying forcings are applied; these consist
of variable solar output and “dimming”
owing to aerosols produced by known vol-
canic eruptions. The second set (lighter
gray) adds in the man-made influences on
sulfate aerosols and greenhouse gases. In
each set, the model is run four times begin-
ning with slightly different initial states,
and the range among the four ensemble

members is denoted by the shading in the
figure, reflecting the free random variabil-
ity of the climate produced by this model,
while the colored curves show the aver-
age of the four ensemble members. The
observed global average surface tempera-
ture is depicted by the black curve. One
observes that the two sets of simulations
diverge during the 1970s and have no over-
lap at all today, and that the observed global
temperature also starts to fall outside the
envelope of the all-natural simulations in
the 1970s. This exercise has been repeated
using many different climate models,
with the same qualitative result: one can-
not simulate the evolution of the climate
over last 30 years without including in the
simulations mankind’s influence on sulfate
aerosols and greenhouse gases. This, in a
nutshell, is why almost all climate scien-
tists today believe that man’s influence on
climate has emerged from the background
noise of natural variability.
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The consequences

Projections based on climate models
suggest that the globe will continue
to warm another 3 to 7°F over the next
century. This is similar to the temperature
change one could experience by moving,
say, from Boston to Philadelphia. Moreover,
the warming of already hot regions—the
tropics—is expected to be somewhat less,
while the warming of cold regions like the
arctic is projected to be more, a signal al-
ready discernable in global temperature
measurements. Nighttime temperatures
are increasing more rapidly than daytime
warmth.

Is this really so bad? In all the negative
publicity about global warming, it is easy
to overlook the benefits: It will take less en-
ergy to heat buildings, previously infertile
lands of high latitudes will start producing
crops, and there will be less suffering from
debilitating cold waves. Increased CO,
might also make crops grow faster. On the
down side, there will be more frequent and
more intense heat waves, air conditioning
costs will rise, and previously fertile areas in
the subtropics may become unarable. Sure,
there will be winners and losers, but will the
world really suffer in the net? Even if the
changes we are bringing about are larger
than the globe has experienced in the last
few thousand years, they still do notamount
to the big natural swings between ice ages
and interglacial periods, and the earth and
indeed human beings survived these.

But there are consequences of warm-
ing that we cannot take so lightly. During
the peak of the last ice age, sea level was
some 400 feet lower than today’s, since
huge quantities of water were locked up in
the great continental ice sheets. As polar
regions warm, it is possible that portions of
the Greenland and Antarcticice sheets will
melt, increasing sea level. Highly detailed
and accurate satellite-based measurements
of the thickness of the Greenland ice show
that it is actually increasing in the interior
but thinning around the margins, and
while there are also patterns of increase
and decrease in Antarctic ice, it appears to
be thinning on the whole. Meltwater from
the surface of the Greenland ice sheet is
making its way to the bottom of the ice,
possibly allowing the ice to flow faster to-
ward the sea. Our understanding of the
physics of ice under pressure is poor, and
it is thus difficult to predict how the ice
will respond to warming. Were the entire
Greenland ice cap to melt, sea level would
increase by around 22 feet—flooding many
coastal regions including much of south-
ern Florida and lower Manhattan.

My own work has shown that hurri-
canes are responding to warming sea sur-
face temperatures faster than we originally
expected, especially in the North Atlantic,
where the total power output by tropical cy-
clones has increased by around 60 percent
since the 1970s. The 2005 hurricane sea-
son was the most active in the 150 years of
records, corresponding to record warmth
of the tropical Atlantic. Hurricanes are far
and away the worst natural disasters to af-
fect the U.S. in economic terms. Katrina
may cost us as much as $200 billion, and it
has claimed at least 1,200 lives. Globally,
tropical cyclones cause staggering loss of
life and misery. Hurricane Mitch of 1998
killed over 10,000 people in Central Amer-
ica,and in 1970 a single storm took the lives
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of some 300,000 people in Bangladesh.
Substantial changes in hurricane activity
cannot be written off as mere climate per-
turbations to which we will easily adjust.
Basic theory and models show another
consequential result of a few degrees of
warming. The amount of water vapor in
the air rises exponentially with tempera-
ture: a seven-degree increase in tempera-
ture increases water vapor by 25 percent.
One might at first suppose that since the
amount of water ascending into clouds in-
creases, the amount of rain that falls out
of them must increase in proportion. But
condensing water vapor heats the atmos-
phere, and in the grand scheme of things,
this must be compensated by radiative heat
loss. On the other hand, simple calcula-
tions show that the amount of radiative
heat loss increases only very slowly with
temperature, so that the total heating by
condensation must increase slowly as well.
Models resolve this conundrum by mak-
ing it rain harder in places that are already

wet and at the same time increasing the
intensity, duration, or geographical ex-
tent of droughts. Thus, the twin perils of
flood and drought actually both increase
substantially in a warmer world.

It is particularly sobering to contem-
plate such outcomes in light of the evidence
that smaller, natural climate swings since
the end of the lastice age debilitated and in
some cases destroyed entire civilizations in
such places as Mesopotamia, Central and
South America, and the southwestern re-
gion of what is today the United States.

In pushing the climate so hard and so
fast, we are also conscious of our own col-
lective ignorance of how the climate system
works. Perhaps negative-feedback mecha-
nisms that we have not contemplated or
have underestimated will kick in, sparing
us from debilitating consequences. On the
other hand, the same could be said of posi-
tive feedbacks, and matters might turn out
worse than projected. The ice-core record
reveals a climate that reacts in complex and
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surprising ways to smoothly and slowly
changing radiative forcing caused by varia-
tions in the earth’s orbit. Far from chang-
ing smoothly, it remains close to one state
foralong time and then suddenly jumps to
another state. We do not understand this,
and are worried thata sudden climate jump
may be part of our future.

Science, politics, and the media

Science proceeds by continually testing
and discarding or refining hypotheses, a
process greatly aided by the naturally skep-
tical disposition of scientists. We are, most
of us, driven by a passion to understand
nature, but that means being dispassionate
about pet ideas. Partisanship—whatever
its source—is likely to be detected by our
colleagues and to yield a loss of credibil-
ity, the true stock of the trade. We share a
faith—justified by experience—that at the
end of the day, there is a truth to be found,
and those who cling for emotional reasons
to wrong ideas will be judged by history
accordingly, whereas those who see it early
will be regarded as visionaries.

The evolution of the scientific debate
about anthropogenic climate change il-
lustrates both the value of skepticism and
the pitfalls of partisanship. Although the
notion that fossil-fuel combustion might
increase CO, and alter climate originated
in the 19th century, general awareness of
the issue dates to a National Academy of
Sciences report in 1979 that warned that
doubling CO, content might lead to a
three-to-eight-degree increase in global
average temperature. Then, in 1988, James
Hansen, the director of NASA’s Goddard
Institute for Space Studies, set off a fire-
storm of controversy by testifying before
Congress that he was virtually certain that
a global-warming signal had emerged from
the background climate variability. At that
time, less was known about natural climate
variability before the beginning of system-
aticinstrumental records in the nineteenth
century, and only a handful of global cli-
mate simulations had been performed.
Most scientists were deeply skeptical of
Hansen’s claims; I certainly was. It is im-
portant to interpret the word “skeptical”
literally here: it was not that we were sure
of the opposite, merely that we thought
the jury was out.

At roughly this time, radical environ-
mental groups and a handful of scientists
influenced by them leapt into the fray
with rather obvious ulterior motives. This
jump-started the politicization of the is-
sue, and conservative groups, financed by
auto makers and big oil, responded with
counterattacks. This also marked the on-
set of an interesting and disturbing phe-
nomenon that continues to this day. A
very small number of climate scientists
adopted dogmatic positions and in so do-
ing lost credibility among the vast majority
who remained committed to an unbiased
search for answers. On the left, an argu-
ment emerged urging fellow scientists to
deliberately exaggerate their findings so
as to galvanize an apathetic public, an idea
that, fortunately, failed in the scientific
arena but which took root in Hollywood,
culminating in the 2004 release of The Day
After Tomorrow. On the right, the search
began for negative feedbacks that would
counter increasing greenhouse gases:

imaginative ideas emerged, but they have
largely failed the acid test of comparison to
observations. But as the dogmatists grew
increasingly alienated from the scientific
mainstream, they were embraced by po-
litical groups and journalists, who thrust
them into the limelight. This produced a
gross distortion in the public perception
of the scientific debate. Ever eager for the
drama of competing dogmas, the media
largely ignored mainstream scientists
whose hesitations did not make good copy.
As the global-warming signal continues to
emerge, this soap opera is kept alive by a
dwindling number of deniers constantly
tapped for interviews by journalists who
pretend to look for balance.

While the American public has been
misinformed by a media obsessed with
sensational debate, climate scientists de-
veloped a way forward that helps them to
compare notes and test one another’s ideas
and also creates a valuable communication
channel. Called the Intergovernmental
Panel on Climate Change, or IPCC, it pro-
duces a detailed summary of the state of
the science every four years, with the next
one due out in February 2007. Although
far from perfect, the IPCC involves seri-
ous climate scientists from many countries
and has largely withstood political attack
and influence.

The IPCC reports are fairly candid
about what we collectively know and where
the uncertainties probably lie. In the first
category are findings that are not in dis-
pute, not even by les refusards:

* Concentrations of the greenhouse gases
carbon dioxide, methane, ozone, and ni-
trous oxide are increasing owing to fos-
sil-fuel consumption and biomass burn-
ing. Carbon dioxide has increased from
its pre-industrial level of about 280 parts
per million (ppmv) to about 380 ppmv
today, an increase of about 35 percent.
From ice-core records, it is evident that
present levels of CO, exceed those ex-
perienced by the planet at any time over
at least the past 650,000 years.

* Concentrations of certain anthropo-
genic aerosols have also increased owing
to industrial activity.

e The earth's average surface tempera-
ture has increased by about 1.2°F in the
past century, with most of the increase
occurring from about 1920 to 1950, and
again beginning around 1975. The year
2005 was the warmest in the instrumen-
tal record.

* Sealevel has risen by about 2.7 inches
over the past 40 years; of this, a little
over an inch occurred during the past
decade.

¢ The annual mean geographical extent
of arctic sea ice has decreased by 15 to
20 percent since satellite measurements
of this began in 1978.

In the second category are findings that
most climate scientists agree with but are
disputed by some:

e The global mean temperature is now
greater than at any time in at least the
past 500 to 1,000 years

* Most of the global mean temperature
variability is caused by four factors:
variability of solar output, major vol-
canic eruptions, and anthropogenic
sulfate aerosols and greenhouse gases
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e The dramatic rise in global mean tem-
perature in the past 30 years is owing
primarily to increasing greenhouse-
gas concentrations and a leveling off
or slight decline in sulfate aerosols.

* Unless measures are taken to reduce
greenhouse-gas production, global mean
temperature will continue to increase,
about 2.5 to 9°F over the next century,
depending on uncertainties and how
much greenhouse gas is produced.

* As a result of the thermal expansion
of sea water and the melting of polar
ice caps, sea level will increase six to 16
inches over the next century, though the
increase could be larger if large conti-
nental ice sheets become unstable.

» Rainfall will continue to become con-
centrated in increasingly heavy but less
frequent events.

* The incidence, intensity, and dura-
tion of both floods and drought will
increase.

* The intensity of hurricanes will con-
tinue to increase, though their fre-
quency may dwindle.

All these projections depend, of course,
on how much greenhouse gas is added to
the atmosphere over the next century,
and even if we could be certain about the
changes, estimating their net effect on
humanity is an enormously complex un-
dertaking, pitting uncertain estimates of
costs and benefits against the costs of cur-
tailing greenhouse-gas emissions. But we
are by no means certain about what kind of
changes are in store, and we must be wary
of climate surprises. Even if we believed
that the projected climate changes would
be mostly beneficial, we might be inclined
to make sacrifices as an insurance policy
against potentially harmful surprises.

The politics of global climate change

Especially in the United States, the
political debate about global climate
change became polarized along the con-
servative—liberal axis some decades ago.
Although we take this for granted now, it

Youth Is Not Absolution for Treachery;
It Is a Morning Star of Some Kind

If you keep punching at a man’s head

it will mix his mind. So fast.

So pretty.

I want my brain to be the jangled thud

my body makes when it bangs against the ground.

I want you to say my name,

knock a broken branch against its tree

and that song will be a page

in a book you love to hold in your hand

because it is a birdcall that proves

you are privy to a superhuman scale.

I believe God is healing my soul right now

by killing my body. Slowly.

The opposite is true for your body, illuminated

by a light fired from another world,

seeing what other men have only thought.

Infinite are the fast mercies,

infinite the pretty occlusions.

—Travis Nichols

is not entirely obvious why the chips fell
the way they did. One can easily imag-
ine conservatives embracing the notion
of climate change in support of actions
they might like to see anyway. Conserva-
tives have usually been strong supporters
of nuclear power, and few can be happy
about our current dependence on foreign
oil. The United States is renowned for its
technological innovation and should be at
an advantage in making money from any

global sea change in energy-producing
technology: consider the prospect of sell-
ing new means of powering vehicles and
electrical generation to China’s rapidly
expanding economy. But none of this has
happened.

Paradoxes abound on the political left
as well. A meaningful reduction in green-
house-gas emissions will require a shift in
the means of producing energy, as well as
conservation measures. But such alterna-

tives as nuclear and wind power are viewed
with deep ambivalence by the left. Sena-
tor Kennedy, by most measures our most
liberal senator, is strongly opposed to a
project to develop wind energy near his
home in Hyannis, and environmentalists
have only just begun to rethink their vis-
ceral opposition to nuclear power. Had it
not been for green opposition, the United
States today might derive most of its elec-
tricity from nuclear power, as does France;
thus the environmentalists must accept a
large measure of responsibility for today’s
most critical environmental problem.

There are other obstacles to taking a
sensible approach to the climate problem.
We have preciously few representatives in
Congress with a background or interest in
science, and some of them display an ac-
tive contempt for the subject. Aslong as we
continue to elect scientific illiterates like
James Inhofe, who believes global warm-
ing to be a hoax, we will lack the ability to
engage in intelligent debate. Scientists are
most effective when they provide sound,
impartial advice, but their reputation for
impartiality is severely compromised by
the shocking lack of political diversity
among American academics, who suffer
from the kind of group-think that develops
in cloistered cultures. Until this profound
and well documented intellectual homoge-
neity changes, scientists will be suspected
of constituting a leftist think tank.

On the bright side, the governments
of many countries, including the United
States, continue to fund active programs
of climate research, and many of the criti-
cal uncertainties about climate change are
slowly being whittled down. The extrem-
ists are being exposed and relegated to the
sidelines, and when the media stop ampli-
fying their views, their political counter-
parts will have nothing left to stand on.
When this happens, we can get down to the
serious business of tackling the most com-
plex and perhaps the most consequential
problem ever confronted by mankind.

Like it or not, we have been handed
Phaeton’s reins, and we will have to learn
how to control climate if we are to avoid
his fate. ¢
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Economics must be at the heart
of any discussion of how to
fight climate change

Nicholas Stern

he scientific case on climate change
now seems overwhelming: we face an
enormous problem and tremendous costs
for inaction. The latest science also gives
us insight into the magnitude of damage
we are risking if we continue to emit green-
house gases on a business-as-usual basis.
If we carry on emitting on this basis, tem-
perature increases by 2035 could well take
us outside of human experience, and the
costs for disruption to economic and social
activity could rise to 20 percent of global
GDP. Moreover, to prevent this from hap-
pening, stabilization of global emissions
would mean cutting annual emissions by
at least 25 percent by 2050.
On the brighter side, the cost of stabi-
lization can be limited to around one per-

cent of global GDP a year. But to achieve
stabilization at that cost, action over the
next few decades is crucial. Like any policy
problem, to keep the costs down, it will
be necessary to formulate a clear, robust
policy framework that uses a mix of instru-
ments (including carbon pricing through
trading and taxes, regulation, and tech-
nology policy) across sectors and coun-
tries in the short and long term. Poorly
constructed policy will increase the costs
of stabilization.

Action by individual countries is, how-
ever, not enough, and it will prove more
costly. Climate change is a global problem,
and solutions will require coordinated ac-
tion by rich and poor countries, based on
a shared vision of long-term goals and
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mutually reinforcing approaches at the
national, regional, and international level.
With a globally shared vision, policy can
then reap the benefits of joint action and
global markets for the lower carbon tech-
nologies that will be necessary. Action need
not be anti-business or anti-growth—in
fact, failing to act is anti-growth, since it
risks the future of growth itself. A trans-
formation of global infrastructure and an
investment in energy, transport, buildings,
and agriculture offers new opportunities
and markets.

But these markets can only be created
at scale if an effective global response is
realized. Climate change is the biggest
market failure the world has ever seen,
and strong policy will be necessary to
correct it. The UN Framework Conven-
tion on Climate Change and the Kyoto
Protocol provide a basis for international
cooperation, but more ambitious action is
required, and economics has to be at the
heart of any serious discussion of how to
proceed.

Consider where the greenhouse gases
come from: mostly from energy use that
is central to economic activity. Electricity
and heat generation, transport, industry,
and other energy is 61 percent of the story.
Land use accounts for a large percentage,
too: deforestation is 18 percent and agri-
culture also is another 14 percent. Fur-
thermore, with economic growth, coun-
tries become larger sources of greenhouse
gases. Thus, the big emitters now are the
United States and Western Europe; China
is also quite big. Going forward, the in-
creases for China and India are expected
to be substantial. My rough rule of thumb
is that rich countries are responsible for 79
percent of the cumulative energy emis-
sions over the last 50 years or so; in a de-
cade or so the emissions from the devel-
oping countries will overtake those from
rich countries; and in 20 to 25 years, the
current developing countries will likely be
responsible for 70 percent. (The impor-
tance of this is that the developing coun-
tries currently don’t have targets under
the Kyoto agreement, and there will be a
major challenge in bringing them into the
whole story of emissions.)

What follows from these economic
fundamentals?

Global collective action. You can’t con-
jure collective action out of the air, espe-
cially when interests partially conflict. All
the players need to understand the impli-
cations for them, their growth, their mor-
tality rates, and the survival of species and
natural flora and fauna in their country. In
addition, policy has to take into account
equity and fairness in the burdens of ad-
justment. The rich countries are primar-
ily responsible for where we are now. But
the poor countries are going to be major
contributors to future emissions, so even
if the rich world takes on responsibility
for absolute cuts in emissions of 60 per-
cent to 80 percent by 2050, developing
countries must take significant action too.
Moreover, the costs of taking action are
not evenly distributed across sectors or
around the world. So developing coun-
tries should not be required to bear the
full costs of this action alone. But they will
not have to. Carbon markets in rich coun-
tries are already beginning to deliver flows
of finance to support low-carbon strate-
gies of economic development, including

through the Kyoto’s Clean Development
Mechanism (which permits countries to
achieve emissions reductions by investing
in projects in developing countries that
reduce emissions and that would not have
otherwise happened). A transformation
of these flows is now required to support
action on the scale required.

The existing literature on the eco-

nomics of climate change is very useful,
but its focus—on the environmental ¢/~
fects of economic growth—is a bit narrow
in helping us understand the interna-
tional collective-action problems that we
will face. In particular, we have to look at
what economists call the “endogeneity of
growth”: the fact that the rate of growth
not only shapes environment, but that
changed environment also shapes subse-
quent economic growth. If you disrupt the
monsoon in North India, or the advance of
the Sahara is accelerated in Africa, that will
have a fairly profound effect on the rate of
growth in those countries. Projections of
the likely effects of climate change on crop
yields in Africa look worrying for 20, 30,
40 years ahead—reductions of upwards
of ten percent. If you get crop reductions
of that magnitude in sub-Saharan Africa,
you will have very serious problems. So
climate change is likely to increase the case
for overseas development aid as an element
of collective action.

There will be large economic impacts
in rich countries, too. The scorching sum-
mer of 2003 could well be normal in 30 to
50 years, and cool by the last quarter of the
century. This change is bound to affect op-
portunities for growth.

Technology. Given the scale of the
climate problem, effective reductions in
greenhouse-gas concentrations will re-
quire action across a broad area. We need
to think about halting deforestation (which
isabig part of the story), carbon-free elec-
tricity generation, transportation adjust-
ments, building construction, and energy
efficiency. The relevant technologies vary
across these different problems.

Carbon-free electricity, for example,
1s perfectly possible; it comes with a cost,
but it’s perfectly possible. Basically, we
have a problem when we take carbon from
underground and let it into the air. So you
can do one of two things. One is to leave it
underground—that means renewables or
nuclear, bio fuels and so on. The other is
to take it out by using fossil fuels, capture
carbon from coal or gas or oil in the gen-
eration of electricity, and then send the
carbon back underground. So carbon-free
electricity generation is possible. It’s also
possible to imagine stopping deforestation;
you can do it with the right kinds of incen-
tives and institutions and management.
Transport is more difficult. But if you’ve
got carbon-free electricity, you could have
your cars, at least in towns, just plugged in
overnight, and you could use electricity.

So what is possible and how close
that technology is varies depending upon
where you look. And it’s going to be very
important to keep an open mind about
those technologies. So picking technologi-
cal winners in this area is something that
one should do with care.

Incentives. We have to be aware of
these technological issues in order to think
about the right kinds of incentives to put
in place. There is a challenge in asking
oneself how much of a role government
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or groups of governments should play
in developing technologies. Technolo-
gies are ideas; they’re public goods. The
global atmosphere is a public good, and the
technologies to reduce emissions are also
public good. So there’s a challenge there
in determining how far the public sector
should play its role. But I think it’s fairly
clear that most of the action—choosing
how to save energy, choosing how to re-
duce carbon—will be made by the private
sector. The big question is how does a gov-
ernment set the right kind of incentives for
the private sector.

Now, the private sector is actually quite
specific on this point. Its slogan is that the
incentive structure should be loud, long,
and legal. But “loud, long, and legal” is
actually the vulgar phrase for “clear, long,
and credible.” If you’re thinking about in-
vestments in the kinds of infrastructure
and durables that we’re talking about, the
incentive structure needs to be clear, long-
term, and credible. And putting those
kinds of incentive structures together is
actually quite difficult. You have to try to
bind yourself going forward in a way that
governments find it quite difficult to do—a
problem the economists have studied right
across the board in other areas, including
monetary policy, competition, and so on.
We have to try to put together those kinds
of structures.

Growth. President Bush is concerned
with the effect of all this on growth and
the way of life in the United States. He’s
right to be concerned, as are the leaders
and people who represent other nations.
The challenge for analysts is to try to say
systematically what the consequences of
different kinds of arrangements and incen-
tives might be for economic growth.

The Indians and Chinese will very
understandably put that on the table right
at the beginning. Their leaders might be
expected to say, “I take it you’re not telling
us to grow slower and leave our people in
poverty for longer?” And you can under-
stand where they’re coming from. And
some people might add, “And further to
that, it’s all your fault anyway.”

To address these concerns, you’ve got
to be able to understand that if, for exam-
ple, you want to use carbon capture at the
coal power stations that are going to be so
important in the generation of electricity
in India and China, you have to under-
stand what it’s going to cost. It will cost a
bit more. How much more? When? What
kind of technologies are available? Are
they likely to develop and get much more
sophisticated and cheaper? And so on.
You’ve got to be able to try at least to give
some guidance on those questions: coun-
tries need to know if the consequences of
some new technology will be destructive
for economic growth. And in the case of
India and China and the other developing
countries, you’ve got to face up to the ques-
tion of who pays. I think there isa growing
understanding that the consumers in rich
countries should have something to pay
through the price of electricity for reduc-
ing carbon emissions elsewhere, so that
those countries can grow without ruining
the global climate.

Mechanisms. We also have to think
about what kind of mechanisms we’re
going to bring into those international
negotiations. If they’re treaties, are they
monitored and enforced? If they’re mar-
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ket mechanisms, what kind of institutional
structures do we need to support them?
Market-trading mechanisms for carbon
use pieces of paper that say that [ have pro-
duced less carbon than I would otherwise
have produced. In many parts of the world,
some might claim that if I want a piece of
paper that says I have produced less carbon
than I would otherwise have produced, I
can easily get one if I pay for it. So you
need institutional arrangements to verify
the credibility of these kinds of statements
and the paper they are printed on.

Verification is complicated. When I
was in India just about six weeks ago, there
was a guy with a dietary supplement for
cows to reduce their flatulence, thus reduc-
ing atmospheric methane. I thought that
was actually a rather interesting idea. But
how detailed do you get in checking his
results? If a town decides that it’s going to
insist on electric cars beginning in 2020,
how do you build that kind of action and
make it count? You’ve got to have institu-
tional structures that are going to pick up
all these kinds of things. If a country uses
a significant tax on carbon emissions, if it
does it that way, how are you going to bring
that to count as a contribution to tackling
the problem? This isn’t impossible. None
of this is impossible, but all of it requires
care and thoughtful attention.

It is very important, then, to think
through the institutional and incentive
structures. You need to give people in-
formation, but you also have to tell good
stories and come up with good examples
and develop actions and practices that
are going to give you support for all these
measures. And the institutional challenge
is not small. We are already on the way;
but we need to move these efforts to a
higher plane.

Economics has a great deal to say about
all these issues: economists, who think
about incentives and about institutions
to support those incentives, contribute a
great deal more to the world than people
who don’t know about the interactions be-
tween incentives and institutions. But we
also need to pay attention to a set of issues
that gets much less attention from econo-
mists: issues of persuasion, education,
and changing preferences. People smoke
less in public places, not simply because
somebody’s told them it’s bad for them,
or because the price of cigarettes is high;
it’s not simply information or incentives.
It’s also because they’ve learned what it
means for other people and then go a step
further to think through what responsible
behavior means. The same is true for the
climate: children who are educated now
have learned much more about climate
change at school than some of the older
among you ever did, and that affects their
view of responsible behavior.

John Stuart Mill talked a lot about the
role of public discussion in a democracy.
Like earlier political philosophers, Mill
understood the important role of public
discussion in forming our attitudes and
preferences. So incentives—and institu-
tions to support the incentives—will be
fundamental, as will information and anal-
ysis. But we also need the process of public
discussion: of exchanging ideas, changing
preferences, constructing new norms and
ideas of personal and collective responsi-
bility, and building mutual understanding
across nations and across generations. 4

The only practical approach is to
pursue technologies that burn
coal more clearly

David G. Victor and Danny Cullenward

Imost every facet of modern life—

from driving to the grocery store to
turning on a light—relies on inexpensive
and abundant fossil fuels. When burned
for power, these fuels yield emissions of
carbon dioxide that accumulate in the at-
mosphere. They are the leading cause of
global warming.

Assuring ample energy services for a
growing world economy while protecting
the climate will not be simple. The most
critical task will be curtailing emissions from

coal; it 1s the most abundant fossil fuel and
stands above the others in its carbon efflu-
ent. Strong lobbies protect coal in every
country where it is used in abundance, and
they will block any strategy for protecting
the climate that threatens the industry. The
only practical approach is to pursue technol-
ogies that burn coal much more cleanly.
Such new technologies exist on the
drawing board, but governments and regu-
lators are failing to bring designs into prac-
tice with deliberate speed. Instead, most
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of the policy effort to tackle global warm-
ing has focused on creating global institu-
tions, such as the Kyoto Protocol, to en-
tice change. Although noble, these global
efforts usually fall hostage to the interests
of critical countries. After negotiating
the Kyoto treaty, for example, the United
States refused to sign when it found that
it could not easily comply with the provi-
sions. Australia did the same, and Canada
is also poised to withdraw. Nor have trea-
ties like Kyoto crafted a viable framework
for engaging developing countries; these
countries’ share of world emissions is ris-
ing quickly, yet they are wary of policies
that might crimp economic growth.
Breaking the deadlocks that have ap-
peared in the Kyoto process requires, first
and foremost, a serious plan by the United
States to control its emissions. The United
States has a strong historical responsibility
for the greenhouse-gas pollution that has
accumulated in the atmosphere, but little
has been done at the federal level. (A few

states are implementing some policies, and
they, along with rising political pressure,
might help to catalyze a more aggressive
federal approach.) It will be difficult, how-
ever, for the United States (and other in-
dustrial countries) to sustain much effort
in cutting emissions unless its economic
competitors in China and the other devel-
oping countries make some effort as well.
Without a strong policy framework to con-
tain emissions throughout the world, lev-
els of greenhouse-gas pollution will reflect
only the vagaries in world energy markets.
We need a proper strategy for moving away
from harmful emissions.

A few years ago, many analysts thought
that market forces were already shifting
away from coal. They predicted the growth
of natural gas, a fuel prized for its cleanliness
and flexibility. That vision was good news
for the climate because electricity made
from natural gas leads to half of the car-
bon-dioxide emissions of electricity from
coal. But natural-gas prices, which tend to
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track oil prices, have skyrocketed over the
past few years, and, unsurprisingly, the vi-
sion for the growth of natural has dimmed.
Natural-gas plants, which accounted for
more than 90 percent of new plants built
in the 1990s, are harder to justify in the
boardroom. Most analysts now see a surge
in the use of coal. One hundred new coal-
fired plants are in the planning stages in the
United States. Absent an unlikely plunge in
gas prices, coal is here to stay.

Despite the challenges of handling
coal responsibly, the potential of research
and deployment of advanced technologies
to help the United States and the major
developing countries find common inter-
est on the climate problem is great. In ad-
vanced industrialized countries, the vast
majority of coal is burned for electricity in
large plants managed by professionals—
exactly the setting where such technol-
ogy is usually best applied. In the United
States, for example, coal accounts for more
than four fifths of all greenhouse-gas emis-
sions from the electricity sector.

Most of the innovative effort in coal is
focused on making plants more efficient.
Raising the temperature and pressure of
steam to a “supercritical” point can yield
improvements in efficiency that, all told,
can reduce emissions about 20 to 25 per-
cent. Boosting temperature and pressure
still again, to “ultra-supercritical” levels,
can deliver another slug of efficiency and
lower emissions still further. Encouraging
investments in this technology is not dif-
ficult: most countries and firms are already
searching for gains in efficiency that can
cut the cost of fuel; a sizeable fraction of
new Chinese plants are supercritical; India
is a few steps behind, in part because coal is
generally cheaper in that country, but even
there the first supercritical unit is expected
soon. Across the advanced industrialized
world, supercritical is the norm, at least
for new plants. A few companies are tak-
ing further steps, investing in ultra-super-
critical units. Two such plants are going up
outside Shanghai, using mainly German
technology, evidence that the concept of
“technology transfer” is becoming mean-
ingless in the parts of the world economy
that are tightly integrated. Markets are
spreading the best technologies worldwide
where their application makes economic
sense. In other countries, technologies to
gasify coal—which also promise high ef-
ficiency—are also being tested.

But power-plant efficiency alone won’t
account for the necessary deep cuts in
emissions. Already the growth in demand
for electricity is outstripping the improve-
ments in power plants such that the need
for more plants and fuel is rising ever
higher, as are emissions. This is spectacu-
larly true in fast-growing China.

A radical redesign of coal plants will
be needed if governments want to limit
emissions of carbon dioxide. Here, the
future is wide open. One track envisions
gasifying the coal and collecting the con-
centrated wastes. Another would use
more familiar technologies and separate
carbon dioxide from other gases. All ap-
proaches require injecting the pollution
underground where it is safe from the at-
mosphere. This is already done at scale in
oil and gas production, where injection is
used to pressurize fields and boost output.
The consequences of injecting the massive
quantities of pollution from power plants,

however, are another matter. Regulatory
systems are not in place or tested, and
public acceptance is unknown.

While these technologies can work, they
won’t be used widely before they progress
on two fronts. First, they must become
commercially viable. Despite the huge po-
tential of adopting them, it is striking how
little money is being spent on advanced
coal technologies. The U.S. government
has created some financial incentives to
build advanced coal plants, but much of
that investment is slated for plants that are
not actually designed to sequester CO,. In
fact, the uncertainty of American policy
gives investors in power plants an incentive
to build conventional high-carbon technol-
ogy, because it is more familiar to regulators
and bankers. Worse yet, increased emissions
today might actually improve a negotiating
position in the future when targets for con-
trolling emissions are ratcheted down from
whatever is business as usual. Some private
firms, such as BP and Xcel, are putting their
own money into carbon-free power—but
the totality of the private effort is small com-
pared with the size of the problem. There
are good mechanisms in place for encourag-
ing public research and private investment
in such technologies; the real shortcoming
is in the paucity of the effort.

The second problem is that countries
such as China, India, and other key develop-
ing nations won’t spend the extra money to
install carbon-free coal. Yet these countries’
share of global coal consumption has soared
almost 35 percent over the past ten years.

The inescapable conclusion is that the
advanced industrialized countries must
create a much larger program to test and
apply advanced coal technologies. Electric-
ity from plants with sequestration might
eventually cost half more than from plants
without the technology. That’s not free,
but it is affordable and is less than the
changes in electric rates that many Ameri-
cans already experience and accept.

State and federal regulators need to
create direct incentives—such as a pool of
subsidies—to pay the extra cost until the
technology is proven and competitive with
conventional alternatives. That subsidy,
along with strict limits on emissions, will set
apath for cutting the carbon from U.S. elec-
tricity without eliminating a future for coal.
They must also extend the same incentives
to the major developing countries, which
have no interest in paying higher rates for
electricity because their priorities do not
rest on controlling CO,. Yet these coun-
tries’ involvement now is essential. Avert-
ing emissions has a global benefit regardless
of where the emissions are controlled. And
developing countries are especially unlikely
to shoulder more of the burden themselves,
in the more distant future, unless they are
first familiar with the technologies.

Solving the climate problem will be
one of the hardest problems for societies
to address—it entails complicated and un-
certain choices with real costs today, and
benefits in the distant future. Yet the stakes
are high and the consequences of indeci-
sion severe. Serious action must contend
with existing political constituencies and
aim at existing resources that are most
abundant. The technologies needed to
make coal viable will not appear automati-
cally. An active policy effort—pursued
worldwide and initially financed by the
industrialized world—is essential. ¢
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The Kyoto Protocol is an
important catalyst, and carbon
finance is its most powerful tool

Kirsten Oleson
and Chandra Shekhar Sinha

he earth’s climate is the ultimate

example of a global commons—a
shared resource vital to survival for all the
earth’s inhabitants. Human actions that
degrade it therefore present a set of notori-
ously difficult environmental problems.

Because the problems are urgent, re-
ducing human greenhouse-gas emissions
will require creativity and widespread
action. We will need to change the way
we do business: how we generate energy,
propel our vehicles, and clean up our
countless other greenhouse-gas-intensive
activities.

But climate change also presents us
with an unusual opportunity: since all
that ultimately matters is the concentra-
tion of greenhouse gases in the whole at-
mosphere, it doesn’t matter where on the
globe those emissions occur. So reduc-
tions in emissions anywhere are good for
people everywhere. Enter the possibility
of carbon finance, a key element of the
Kyoto Protocol.

The Kyoto Protocol is an important
stimulant of change, and carbon finance
is its most powerful tool. The Kyoto Pro-
tocol sets clear limits on the amount of
greenhouse gas a country can emit. How-
ever, instead of simply forcing nations to
meet inflexible emission targets, carbon
finance establishes the necessary market
structures to trade the right to emit a unit
of greenhouse gas as a commodity: coun-
tries can exceed their cap by purchasing
permits from other countries, under rules
described below.

This “cap-and-trade” system encour-
ages innovative nations to conserve more
than is strictly prescribed, since every unit
conserved now has value for nations that
are slower to adapt. Experts expect that
almost half of the emissions reductions
mandated under the Kyoto Protocol will be
achieved through trading. Already, carbon
trading is a multi-billion-dollar business.
With the Kyoto Protocol having come into
force in February 2005 and the European
Commission having put in place an EU-
wide trading scheme in January 2005, the
market for emission reductions has rap-
idly expanded, with the sale of emissions
reductions from developing countries
reaching over $22 billion in the first nine
months of 2006.

How far we as a global community
want to limit emissions is determined by
the cap, but our ability to meet those limits
will in large part be determined by the abil-
ity to trade under the cap. In the abstract,
the core ideas behind carbon finance are
as simple as supply and demand, but the
mechanistic reality of these increasingly
important trading schemes hinges on a
few particular details.

On February 16, 2005, the Kyoto
Protocol came into force: its purpose is
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to reduce the amount of greenhouse gas
emitted in the course of human economic
activity. Developed nations and econo-
mies in transition, referred to as “Annex
1” nations, are required to adhere to an
annual limit on the total amount of green-
house-gas emissions. These nations must
reduce their emissions to an average of five
percent below their 1990 levels by 2012.
Developing nations that are signatories
to the Kyoto Protocol (Non—Annex 1) do
not have a cap, but they must produce an
annual emissions inventory.

Annex 1 countries may attain their
emissions reductions through three means.
First, they may make direct reductions in
emissions within their borders. Second,
under “Joint Implementation,” they may
purchase surplus reductions from another
Annex | nation that reduced its emissions
below its set cap. The surplus reductions
are then available as tradable emission
credits on a market exchange. Finally, un-
der the “Clean Development Mechanism”
(CDM), they may purchase reduced emis-
sions from a Non—Annex 1 nation.

The CDM enables us to take advan-
tage of opportunities for low-cost abate-
ment in developing nations (when com-
pared to the cost in richer countries) and
gains from trade on both sides. Non—An-
nex | nations, though they are not yet
subject to caps on their own emissions,
can agree to sell any emissions reduc-
tions to an Annex 1 country. These re-
ductions are achieved through substitut-
ing high-carbon-emission projects (the
baseline) with more environmentally
friendly projects. The crucial stipulation
in the CDM is that the greener projects
would not have been possible without the
purchase of the certified emissions cred-
its (proof must be supplied). In other
words, if a hydroelectric power plant
was already planned before applying for
CDM involvement, no emissions reduc-
tions would be granted from not building
a hypothetical coal power plant. A third-
party auditor verifies the emissions re-
ductions. The non—Annex 1 nation then
notes its reduction in its annual, audited
emissions inventory and the Annex 1 na-
tion augments its Kyoto emissions allot-
ment by the amount of Certified Emis-
sion Reductions it purchased.

For these complex trading schemes
to work efficiently, the market requires
experienced facilitators to broker the
trades and rigorously analyze potential
emission-reduction strategies. One pio-
neering international broker is the Car-
bon Finance Unit at the World Bank. As
an organization whose mission is poverty
alleviation and sustainable development,
the World Bank is committed as a leader
in combating climate change. Climate
change has the potential to devastate

the poorest nations and undermine eco-
nomic-development gains. Carbon-fi-
nance operations in the World Bank have
grown from $180 million in the original
Prototype Carbon Fund (fully capital-
ized in 2000) to activities that now in-
volve capital of over $1.9 billion. Nine
carbon funds and facilities created by 13
governments and 73 private companies
are involved.

World Bank staff identify projects
based on their emissions-reductions po-
tential. For example, if a coal-fired power
plant is on the books to be built next year,
World Bank staff would flag it as a possible
project. If the energy could be generated
through wind farms instead, less carbon
would go into the atmosphere. But a wind
farm will undoubtedly be more expensive,
and the technology might be unproved in
that nation. To alter the business-as-usual
baseline, the World Bank brings in financ-
ing and technical support, originating
from buyers seeking to purchase reduc-
tion credits.

Annex 1 nations and companies who
expect to exceed their carbon allotments
contact the Carbon Finance Unit. Bro-
kered by this unit, the buyer signs an
emissions-reduction purchase agreement
with the entity that agreed to implement
the more environmentally friendly tech-
nology. Sometimes this is a nation, but
often it is a private partner. This agree-
ment stipulates the conditions: how many
tons of carbon emissions are expected to
be avoided, how much the buyer will pay,
what the monitoring arrangements are,
and so forth. In this way, capital from An-
nex | parties is invested in clean-energy
technology, sustainable agriculture, and
forestry in return for income in the devel-
oping nation from sales of greenhouse-gas
emissions reductions.

Importantly, by limiting its financial
commitment to a quarter of the purchase
agreement, the World Bank leverages fi-
nancing from private investors and banks
who otherwise might shy away from car-
bon-finance projects due to the risk. The
primary focus of the World Bank’s work in
carbon finance in the period between 1997
and 2005 has been to create demand by

building confidence in the market. In this
period, carbon finance in the World Bank
expanded from a prototype engagement in
an emerging trade of emission reductions
to an increasingly mainstream World Bank
activity that directly supports the sustain-
able-development goals.

The World Bank’s carbon funds
strive for technological and regional di-
versity; its project pipeline includes 190
projects with an estimated carbon-asset
value of more than 2.2 billion tons car-
bon equivalent as of August 31, 2006.
Fifty-seven projects have active, signed
emission-reductions purchase agree-
ments totaling $1.2 billion. The techno-
logical diversity includes a major emis-
sion-reduction contract with China for
HFC-23 destruction, landfill gas recov-
ery in Mexico, energy efficiency, renew-
able energy development (such as wind,
hydro, geothermal, sugar cane and other
biomass, and biogas generation), and re-
forestation. In terms of geographic dis-
tribution of the portfolio, Fast Asia, par-
ticularly China, accounts for about three
fourths of the total value of the carbon
finance, but numerous projects are scat-
tered around Latin America and the Ca-
ribbean region, Fastern Europe and Cen-
tral Asia, as well as Africa.

Both inside and outside the World
Bank there is recognition that carbon
finance can be a powerful new tool for
financing sustainable development and
an important asset to help reduce green-
house-gas emissions. Successful projects
range from the expected renewable-en-
ergy development such as wind farms to
less obvious capture of methane emis-
sions from landfills or energy-efficiency
schemes in water-supply networks. Car-
bon financing is attainable for many lev-
els of projects—from individual energy
generators interested in new technology
to municipalities trying to improve solid
waste management to nations imple-
menting energy-efficiency policies. The
possibilities are promising and expand-
ing. Already, developing nations are suc-
cessfully participating in the emerging
carbon market, achieving both develop-
mental and environmental goals. ¢
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For China, the shift to climate-
friendly energy depends on
international collaboration

Jeffrey Logan, Joanna Lewis,
and Michael B. Cummings

ccording to the latest International

Energy Agency forecast, China may
become the world’s largest emitter of
greenhouse gases as early as 2009. While
it will be many decades before China sur-
passes the United States in cumulative
emissions, annual emissions from China
are clearly rising rapidly, with potentially
dangerous global implications.

Scientists in China have declared the
urgency of the climate-change problem,
and the highest levels of government
now acknowledge that it is a serious is-
sue. Zhang Guobao, the vice-chairman of
the National Development and Reform
Commission (which oversees economic
and energy policy), recently remarked,
“Because we’re a coal-dominant country,
we have to take responsibility for lower-
ing greenhouse emissions.” However,
these sentiments have yet to be reflected
in either domestic climate policy or in-
ternational-level commitments. China
has taken a wait-and-see approach in the
international climate change negotia-
tions, unwilling to discuss making a com-
mitment to reduce emissions until the
developed world demonstrates its own
commitment to do so.

But while China waits and sees, it is
also constructing hundreds of pulverized-
coal-fired power plants that are likely to
lock in a trajectory of high greenhouse-
gas emissions for 50 years or more. Coal
will likely remain the fuel of choice for
many decades in China, despite the se-
vere economic, social, and environmen-
tal dislocations it creates, making future
efforts to stabilize atmospheric concen-
trations of carbon dioxide significantly
more difficult.

In the absence of an explicit national-
level climate-change mitigation strategy,
China’s energy strategy—driven by its
economic-development goals—by de-
fault becomes its climate policy. The
2003 comprehensive National Energy
Strategy Policy calls for maintaining
growth in energy use at half the rate of
GDP growth—essentially a doubling of
energy use between 2000 and 2020 while
GDP quadruples. Yet even to maintain
this relatively impressive intensity of
GDP and energy growth through 2020,
the Chinese energy sector is poised to
continue its breathtaking expansion.

Although the National Energy Strat-
egy Policy calls for reducing the overall
contribution of coal to the energy mix
(down to less than 60 percent), overall
coal capacity is slated to increase rapidly.
Also planned are dramatic expansions
of nuclear power, small- and large-scale
hydropower, and increased renewable en-
ergy utilization (including large growth
targets for wind-power and solar-en-
ergy technologies). Nuclear capacity is

to expand more than four times by 2020,
large-scale hydro is to more than double
(requiring the building of a dam the size
of the Three Gorges Project every two
years), and non-hydro renewables are to
grow by more than 100 times. However,
targets and predictions related to Chinese
economic and energy growth are notori-
ously uncertain, and the feasibility of
these projections have been questioned,
including the implications of expand-
ing the use of nuclear power and large
dams. Also uncertain is China’s ability to
reduce its reliance on coal, particularly
since China’s increases in coal capacity
in the last two years were the largest ever.
In the event that nuclear or renewable
energy goals are not met, coal may end
up filling the void—Ieading to an even
greater increase in China’s greenhouse-
gas emissions than currently projected.
The decentralized nature of the in-
stitutions and actors of China’s energy
sector poses additional challenges to ef-
fective greenhouse-gas mitigation. De-
velopment of China’s energy sector is
carried out largely at the local and re-
gional level, where central-government
mandates are not always reflected in lo-
cal decisions. Moreover, the central gov-
ernment has little control over the con-
struction of new power plants: regional
power shortages have spurred a wave of
new plant construction, often completed
without central-government approval.
All these factors combined call into
question the Chinese central govern-
ment’s ability to move down a differ-
ent, more climate-friendly path without
meaningful international engagement
and assistance. It is therefore critically
important for the international commu-
nity to increase bilateral and multilat-
eral collaboration with China to address
shared energy and environmental con-
cerns before it commits to half a century
of carbon-intensive infrastructure. Five
areas are particularly well-suited for fur-
ther engagement and offer strong oppor-
tunities to expand global benefits:
Energy efficiency. Ffforts to improve
energy efficiency are the most effective
and affordable measures China can take
to meet development goals while reduc-
ing greenhouse-gas emissions. Continu-
ing its tradition of relatively impressive
energy-efficiency policies, China recently
approved new fuel-economy standards
for its rapidly growing passenger-vehicle
fleet that are more stringent than those in
Australia, Canada, and the United States.
Moreover, the government has set an ex-
traordinarily ambitious target of cutting
energy intensity by one fifth by 2010.
International partners can help China
to build on these important efforts, in
particular by promoting the business, fi-
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nancial, and regulatory skills needed for
energy-efficiency projects and standards,
and to reform policies that impede mar-
ket-driven projects. Developing incen-
tives for accelerated technology transfer,
particularly for the private sector, are also
crucial. Many of these efforts are already
underway, and Chinese government offi-
cials are open to proposals that can help
them meet their targets. Foreign partners
need to be open and flexible so that their
efforts can have maximum impact.

Energy security with climate benefits.
China’s booming economy has required
a huge expansion in imported raw mate-
rial, especially oil, since 2001. Chinese
national oil companies have begun to
purchase oil and gas assets around the
globe as a way to increase energy security.
Some nations view these actions with
alarm, since there are potentially desta-
bilizing military, political, and economic
implications. From a climate perspective,
China’s growing interest in coal lique-
faction is also alarming because making
transportation fuels from coal through
chemical transformation sends approxi-
mately twice as much CO, into the at-
mosphere as using standard crude oil.

Better integrating China into the
processes of managing the global en-
ergy system would make it a more help-
ful partner in managing that system.
Increased participation in the IEA; G-8
and other global bodies involved in high-
level energy dialogues would provide
opportunities for developing shared un-
derstandings on topics affecting global
energy security. Such dialogues could
lead to energy-security-enhancing initia-
tives with climate benefits, and could lead
the way toward climate-focused dialogue
between the major energy consumers
of the world. But any such endeavours
will need to be backed by meaningful ac-
tions. China and its international part-
ners could also discuss deeper technical
collaboration on vehicle technologies,
alternative fuels, and associated policies.
However, any partnerships first need to
focus on a dramatically improved atmos-
phere of trust and sincerity.

Advanced coal technologies and car-
bon sequestration. For the past few years,
China has built, on average, one new
large power plant each week. Provided
that it can overcome technical, financial,
regulatory, and social barriers, carbon
capture and storage (CCS) may become
a critical option for reducing green-
house-gas emissions from fossil-burning
plants throughout the world, but espe-
cially in coal-intensive countries such as
China. While China is unlikely to invest
in CCS systems for coal plants in the
next decade or two due to the cost, it is
looking to collaborate on advanced coal
technology research including coal gas-
ification. China is also keenly interested
in enhanced oil-recovery methodolo-
gies that could use carbon dioxide in the
process. CO,-enhanced oil recovery can
help anchor early investments in CCS
infrastructure that might otherwise have
to wait for a more comprehensive cli-
mate policy.

Once more, international partner-
ships can help. A new U.K.-led initia-
tive, part of the China—EU partnership
on climate change, aims to accelerate
experience with CCS by building a dem-
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The Eden Archives

Whatever I said I was,

was blown youth, delirious smoke in the woods

where the boy had been.

Wet-dark, chameleon’s dish, in the sheets

where the mouth had been,

the data into circuitry—her face her eyes “her spittle . . .

Life’s own fount to me.”

The data out: let me be your new and improved.

Where the words had been,

the seventeen-year-old atmosphere squeezed,

my mouth unhinged northwesterly,

the shine and steam of the carwash became me.

From the soap-scudded interior, I surfaced

and nothing was the matter, people scurried

with vacuums; my loneliness populated!

And it was good. Tt was progress (which I resented).

And I walked up and down upon my own skin.

And I never returned.

—Fohn Isles

onstration plant in the next decade. And
Huaneng, China’s largest coal-based
power-generation company, is one of 12
energy companies participating in the
U.S. FutureGen “clean coal” project,
attempting to become the world’s first
integrated sequestration and hydrogen
production research power plant.

China is also collaborating with in-
ternational partners on coal and CCS
technologies through the Asia Pacific
Partnership on Clean Development and
Climate, known as the AP6. Officially
launched in January 2006, the AP6 brings
together China, the United States, Aus-
tralia, India, Japan, and the Republic of
Korea in an agreement based on clean
energy technology cooperation. Some
have criticized the AP6 as an attempt
to further weaken the Kyoto Protocol,
but limited funding raises doubts about
whether there is enough glue to hold
the membership together. The AP6 does
bring together an important grouping of
nations, and therefore has the potential to
lay the groundwork for future action.

Finally, China is a member of the Car-
bon Sequestration Leadership Forum, an
international initiative of 22 countries cur-
rently collaborating with the International
Energy Agency to deliver recommenda-
tions to the G-8 in 2008 on how CCS can
be enhanced in the near term. The Forum
is opening its meetings to new participants
but doesn’t yet seem to offer much interest
for developing countries such as China.

Safe and Secure Nuclear Power. Chi-
na’s leaders have called for a new growth

era in nuclear power, motivated in part
by a recognition of its over-reliance on
coal. Despite almost certain difficulties in
reaching its ambitious goals for nuclear
power in the coming decades, China is
still likely to significantly increase its nu-
clear fleet. The international community
should engage China and other nuclear
countries in developing and enforcing an
enhanced regime of international waste
and proliferation safeguards to ensure
that growth is done responsibly. If suc-
cessful, such an enhanced international
regime could help to ensure an accept-
able role for nuclear power to contribute
to long-term global efforts to address
climate change. Until this is addressed,
in actions such as the recent agreement
between the U.S. and India, proliferation
concerns may outweigh potential climate
benefits.

Research, development, and demon-
stration for renewables. Motivated by the
economic and environmental benefits
that these technology industries provide,
China is committed to developing in-
digenous renewable-energy technology
industries and has set aggressive targets.
China’s national renewable-energy law
went into effect in January 2006, offering
financial incentives for renewable energy
development. Targets that have been an-
nounced in conjunction with the renew-
able-energy law and subsequent gov-
ernment documents include 16 percent
of primary energy from renewables by
2020 (includes large hydropower—which
would place the current share at about

seven percent today), and 20 percent of
electricity capacity by 2020, which in-
cludes 30 gigawatts of wind power, 20
gigawatts of biomass power, 300 giga-
watts of hydropower capacity. Policies to
promote many renewable-energy tech-
nologies in China also aim to encourage
local technology-industry development;
China is already producing commercial
wind turbines that sell for approximately
30 percent less than similar European
and North American technology, and
35 million homes in China get their hot
water from solar collectors—more than
the rest of the world combined. China
also has a burgeoning solar photovoltaic
industry.

Nevertheless, non-hydro renewable
technologies will make up a relatively
small fraction of the energy mix in China
over the next few decades. Yet given the
challenges facing the widespread de-
ployment of CCS and nuclear power in
the near term, the commercialization of
renewables by the major energy-con-
suming countries of the world offers an
important opportunity for international
collaboration with China. The entry of
Chinese manufacturers into these rap-
idly expanding global markets may drive
cost reductions and increase the viability
of renewable energy technology utiliza-
tion worldwide. Assistance with several
embryonic Chinese technologies could
push these technologies into the mar-
ketplace. Combining China’s growing
manufacturing prowess with the innova-
tion experience of other industrialized
countries to enable widespread com-
mercial deployment of solar photovoltaic
and utility-scale wind turbines should
be a high priority of the international
community. Many existing international
forums, such as the UNFCCC and the
WTO, are being underutilized to discuss
key issues surrounding renewable-energy
technology transfer, including the role
governments can play in facilitating the
sharing and protection of intellectual-
property rights.

Providing modern energy services for
1.3 billion people in a climate-friendly
manner is a daunting challenge. Fortu-
nately, the Chinese central government
is demonstrating increasing awareness
of the problems posed by climate change
and interest in altering China’s current
energy-development trajectory. However,
the central government’s ability to signifi-
cantly alter this trajectory without mean-
ingful international engagement during
the critical time period of the next ten
or 20 years is questionable. In particular,
U.S. leadership to address energy and cli-
mate issues at home and in international
forums is essential to expand cooperation
with China and other large developing
countries. There are ample opportuni-
ties to address linked climate-protec-
tion, energy-security, and economic-de-
velopment issues—more opportunities
for collaboration available than political
willpower currently supports. But change
can come quickly, and those prepared to
engage will benefit first. ¢

Adapted from “Understanding the Climate
Challenge in China,” in Climate Change
Science and Policy, edited by Schneider,
Rosencranz, and Mastandrea, forthcoming.
Original version includes citations.
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Changing course will require
major policy change, and the
United States must lead the way

Judy Layzer and William Moomaw

D espite the complexity and unpredict-
ability of the global climate system,

there are factors that make some futures far
more likely than others. In particular, we
know that society’s introduction of more
heat-trapping gases into the atmosphere
will almost certainly lead to a warmer
world, higher sea levels, and more intense
droughts and storms. Furthermore, be-
cause half of each ton of carbon dioxide
we emit today will be in the atmosphere a
century from now, and because the thermal
momentum of the oceans and the melt-
ing of glaciers we have already set in mo-
tion will continue for 3,000 years even if
we stop burning fossil fuels immediately,
some damages are inevitable. We also know
that concerted efforts to reduce emis-
sions and enhance the ability of terrestrial
ecosystems to absorb carbon dioxide can
minimize the rise in global temperature,
thereby dampening the most severe con-
sequences of global warming. Given the
high probability of extremely adverse out-
comes and our ability to forestall them, a
prudent person would conclude that we
should act now. Why, then, is the United
States moving so slowly—and how might
we change course?

The main reason for our political in-
ertia is that proponents of policies to ad-
dress global warming have struggled to
translate climate-change science into a
politically compelling story, while their
opponents have effectively shifted atten-
tion to the potential costs of addressing
the problem. For many years the U.S.
environmental community lacked the el-
ements of a narrative that could capture
the public imagination: the villains were
ordinary Americans, and the most af-
fected victims were small island nations;
the relationship between heat-trapping
gases and global temperature was com-
plex—mediated by many variables and
amplified or dampened by highly un-
certain feedbacks; and the crisis, should
there be one, appeared to be at least a
century away. Opponents countered this
already weak narrative with a persuasive
alternative storyline. They emphasized

20

the uncertainties in climate-change sci-
ence, actively supporting a handful of
contrarians. As important, they claimed
that instituting policies to curb emissions
of carbon dioxide and other greenhouse
gases would cripple the American econ-
omy. For a decade, these arguments—
which were widely disseminated thanks
to enormous infusions of cash from fos-
sil-fuel-based industries—succeeded in
defusing public concern.

Over the last five years, however, sci-
entists have provided a steady stream
of research that strengthens the global-
warming story and decisively discredits
the contrarians. First, a more visible and
increasingly certain international scien-
tific consensus about humans’ impact
on the global climate has rendered ab-
surd claims that scientists are divided.
As the IPCC points out, in recent years
the cause-effect relationship between
human-caused carbon-dioxide emis-
sions and rising global temperature has
emerged unmistakably from the statisti-
cal noise. Scientists have corrected di-
vergent satellite temperature measure-
ments, quantified most climate-forcing
factors, and tested and rebutted the most
plausible alternative explanations for the
observed temperature rise.

Second, scientists have sought to de-
tect and forecast regional impacts of a
changing climate and thereby highlight
the extent to which Americans not only
are the perpetrators but also will be the
victims of global warming. They have gen-
erated scenarios that reveal the enormous
local costs of regional climate changes; for
example, the Northeast will experience se-
vere flooding as the Atlantic Ocean rises;
California will suffer severe disruptions in
its water supplies as snow packs diminish;
and throughout the West, droughts will
become longer and more frequent, and
wildfires will become more numerous and
severe. As for the crisis, research indicates
thatit draws closer by the day: scientists are
already documenting changes in the nest-
ing and mating habits of species around the
world and faster-than-expected melting of
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polar ice caps and glaciers from Greenland
to Antarctica and tropical glaciers from the
Andes to Kilimanjaro. Moreover, scientists
are detecting unanticipated impacts of ad-
ditional carbon dioxide, such as increases
in the ocean’s acidity and phytoplankton
declines that promise to be disastrous for
marine ecosystems.

Less publicized but as important is the
likelihood that addressing global warming
could be relatively painless. It is true that
to maintain concentrations of atmospheric
carbon dioxide low enough to keep the
global temperature from rising three times
the amount it already has (1.2 degrees
Fahrenheit)—an increase many scientists
believe will destabilize the climate in dan-
gerous ways—we must reduce global emis-
sions by 75 percent or more. But although
that figure sounds overwhelming, we can
achieve it if the United States and other
industrial economies reduce their emis-
sions by three percent per year between
now and mid-century. Continuing at this
rate until the end of the century will bring
our emissions down by nearly 95 percent,
and as a result atmospheric carbon-diox-
ide concentrations will begin to fall back
to today’s levels.

Technological solutions are neces-
sary but insufficient to reduce emissions
by three percent per year; we will need
to make lifestyle changes as well. But
most of those adjustments will be negli-
gible—and many will yield multiple ben-
efits. For the American who drives 1,000
miles each month—the national aver-
age—driving 30 miles less per month for
a year constitutes a three-percent reduc-
tion for that year. Most drivers could save
those miles by occasionally sharing a ride
to work or taking public transit. Others
could achieve equivalent savings by driv-
ing less aggressively. Even better, by re-
placing an SUV with a fuel-efficient ve-
hicle, a driver can instantaneously cut her
emissions in half—the equivalent of an
annual three-percent savings for 23 years.
Similarly, it is relatively simple to reduce
emissions from most existing buildings
by 30 percent simply by adding insula-
tion and energy-efficient lighting; we can
make even greater reductions by replac-
ing old appliances and installing modern
windows and furnaces or ground-source
heat pumps.

These changes are unlikely to come
about in response to market forces alone;
fortunately, however, as decades of experi-
ence with environmental regulation dem-
onstrates, putting in place a set of policies
that establish consistent and predictable
rules can spur both rapid technologi-
cal innovation and behavior change. As a
first step, we should dismantle the web of
policies that overwhelmingly favors fossil-
fuel production and use and actively dis-
criminates against new technologies and
practices that would reduce harmful emis-
sions. We routinely subsidize fossil fuels
by allowing mining companies to extract
coal by blowing off the tops of mountains
and dumping the waste into Appalachian
rivers; streamlining permits to develop oil
and gas on publicly owned territory in the
Rocky Mountain West and offshore Alaska;
and using military force to prop up oil-pro-
ducing regimes around the world. Simi-
larly, policies that protect large, obsolete
coal-burning power plants in the United
States obstruct efforts to make a transition

to newer, more efficient power sources, in-
cluding renewables and distributed, com-
bined heat and power systems.

The second step is to institute federal,
state, and local policies that reverse the
disincentives created by the existing policy
structure and force users to pay the costs
of extracting, transporting, and burning
fossil fuels. The most straightforward and
effective policy changes would include a
carbon tax; an increase in the corporate
average fuel economy (CAFE) standards;
and a large increase in funding for mass
transit, both within cities and along heavy
travel routes on the East and West coasts.
A less obvious policy change would be
to require those who introduce energy-
consuming technologies to offset or save
one and a half times the amount of new
emissions generated. State and local gov-
ernments can adopt growth-management
policies that reflect the environmental
costs of sprawling and inefficient develop-
ment—such as upgrading building codes
to ever-tightening Energy Star standards
for renovations and new construction; cre-
ating incentives to increase urban densi-
ties and redevelop inner-city brownfields;
downzoning rural areas; and putting areas
of critical environmental concern, such as
coastal and freshwater wetlands, off limits
to development.

In deciding which technologies and
behaviors to encourage, we will need to
depart from our past practice of treating
each remedy in isolation and instead think
atasystems level. For example, widespread
use of biofuels may reduce emissions from
power plants and vehicles, but if their pro-
duction entails clearing additional land or
using more fertilizer, we could negate any
benefits by eliminating carbon sinks and
producing more heat-trapping nitrous
oxide. Similarly, although some com-
mentators have touted nuclear energy as
astraightforward solution to global warm-
ing, no one has yet developed a credible
plan for storing highly radioactive waste
or dealing with the very real threats of
natural disasters, technological failure, or
the use of nuclear technology by terrorists
or hostile states. In short, when choosing
from the menu of available policy tools, we
should give top priority to those that en-
courage reducing consumption and adopt-
ing technologies that minimize rather than
shift environmental impacts.

Of course, devising effective poli-
cies is much easier than implementing
them. Enacting major policy change
entails political risk and is likely only
if aspiring leaders perceive substan-
tial public concern—and therefore the
possibility of political support for their
stands. Fortunately, although the pub-
lic has been slow to react to the threat
of global warming, public opinion—Ilike
the climate system—is subject to tipping
points, and there is abundant evidence
that the United States is nearing one.
Actions taken at the state and local lev-
els not only attest to widespread public
concern but are also triggering positive
economic and political feedbacks that
strengthen demands for national policies.
As the federal government responds and
the United States demonstrates the ben-
efits of environmentally friendly tech-
nologies and behaviors at home, we will
gain the credibility to promote their
adoption abroad. ¢
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