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Foreword

Whenever individual choice can be guided by self-interest or by the com-
mon good and these interests are in conflict, there is the potential for society
to fall victim to the tragedy of the commons. Garrett Hardin described this
social dilemma in his 1968 essay “The Tragedy of the Commons,” published
in the journal Science, by describing the use of shared pastureland (“the com-
mons”). Each person who uses the pasture recognizes a personal economic
benefit by adding one more animal to their herd. But there is also a negative
component to increasing the size of the herd, since the commons can sup-
port only so many animals—it has a finite “carrying capacity” and adding
more animals degrades its quality. So how does the individual decide whether
to add another animal to the herd? The benefit of adding one more animal
accrues 100 percent to the owner of the animal, but the cost is shared by ev-
eryone who uses the commons. Clearly, the herder who makes the decision
based solely on his own short-term personal welfare will decide to add one
more animal. And if one more is good, perhaps two more is even better?

But what will happen in the long term, or maybe even in the fairly short
term? Each herder will continue to add animals to the grazing land until it
is overgrazed and useless to all. The commons is destroyed and the harm is
universal and complete. Hardin says in his article, “Freedom in a commons
brings ruin to all” A pretty harsh conclusion.

Is this where we are heading with our global climate change dilemma?
In the absence of regulation and/or some prohibitive cost attached to the
release of greenhouse gases into the atmosphere, will freedom in the climate
commons bring ruin to all? Or will a more complex scenario develop, in
which unequal use of the climate commons brings benefit to some and ruin
to others? How do we manage the conflict between individual and common
interests in energy and lifestyle choices, and between short-term and long-
term benefits? Can we create a sustainable world with enough food for the
global population—with health, opportunity, and even modern conveniences
for all?
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The world faces a great test in working through this dilemma—this is the
great challenge of our generation. Meeting this challenge requires knowl-
edge, first and foremost. Despite the incontrovertible fact that the chemical
composition of the atmosphere is changing due to human activity—most no-
tably the burning of fossil fuels, but also deforestation, cement manufactur-
ing, agriculture, and a host of other depredations to the Earth—and despite
the convincing attribution of the current warming to these changes in the
atmosphere’s composition, the scientific problem of climate change is not
solved. For example, even though we know that anthropogenic (human-in-
duced) climate change has been imposed over natural climate variability, we
are often not able to clearly distinguish between them to isolate the climate
change signal. This is especially true on smaller timescales, for example, in
associating particular events such as Hurricane Katrina to climate change.
This is the nexus of “climate” and “weather,” and scientists around the world
are working at this interface to clarify the connection.

Climate change is, of course, not unprecedented on the planet. We know
that the Sahara was green 8,000 years ago and that North America was
covered by great ice sheets 21,000 years ago and that both of these millen-
nial-scale climate changes were caused by regular and predictable changes in
the Earth’s orbital parameters. Having life on Earth influence climate is also
not unprecedented, since the preindustrial chemical composition of the at-
mosphere is in many ways the result of the presence of life on the planet. At-
mospheric oxygen levels, for example, cannot be maintained in the absence
of photosynthesis, and animal respiration provides a balance by burning the
oxygen formed in photosynthesis and releasing carbon dioxide.

Now, however, we are changing climate with great speed, on decadal tim-
escales. A large climate change that takes place gradually over centuries or
millennia is easier for both humans and ecosystems to adapt to. But a signifi-
cant climate change that occurs over a few decades—or less—presents great
challenges to human institutions and insurmountable problems for many eco-
systems. While a melting of high-latitude ice due to increases in atmospheric
CO4 has been projected for many decades, the speed with which the Arctic is
melting and the unprecedented global retreat of mountain glaciers were not
foreseen. We are currently in the midst of a mass extinction within the natural
world caused by the destruction of habitat and climate change. Climate change
is also threatening the systems that sustain and improve human life.

The need to improve our understanding and predictive capability of climate
change and its impact on regional space scales is another great challenge.
Regional space scales are about the size of U.S. states or smaller countries.
Decision-making, impacts, and the interfacing of climate change science and
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impacts analysis all happen on this level, but our certainty in predicting climate
change erodes when we try to predict on regional scales.

With all of our concern about climate change, there is also great excite-
ment for a new age of discovery of the Earth’s systems, including its atmo-
sphere, oceans, cryosphere (ice masses and snow deposits), biosphere, and
solid surface. Earth system science is undergoing a revolution, calling on
a new generation of Earth scientists to understand, predict, and manage
climate change. There is great opportunity for study and discovery about
how the Earth works and about the interactions between climate and social
systems. The new generation of Earth scientists is more broadly trained,
breaking traditional disciplinary boundaries, and able to collaborate with so-
ciologists, economists, engineers, and governments. The educational frame-
work for these new Earth scientists is developing rapidly, bringing exciting
challenges and opportunities.

We are also entering a new age of invention. Creative minds are driving
the development of new energy sources, backed by the needs of the world’s
population. Ways to conserve our current energy resources are being de-
veloped and implemented, and agricultural systems are being adapted to a
changing climate. The goal is to use energy judiciously without harming the
environment. Scientists and engineers are also trying to develop a way to
draw down current atmospheric CO, levels, with the hope of reversing the
damage done. These new technologies must be used to benefit the develop-
ing countries, as well, allowing them to leapfrog to energy systems that do
not harm the environment.

There is no single, revolutionary fix to the problem of greenhouse gas—in-
duced climate change—at least not now. We have passed into a new geological
epoch, the anthropocene, in which human activity is an active determinant
of climate. But even with current technology, greenhouse gas emissions can
be greatly reduced—enough to mitigate many of the more damaging climate
changes predicted—by combining many small solutions. We need to drive
efficient cars and use public transportation systems, develop hybrid tech-
nology, cultivate solar, wind, and geothermal energy sources, and recycle
manufactured materials. None of these provides a fix to the climate change
problem alone, but taken together they add up to the solution we need.

To motivate and implement these solutions, it is imperative that a basic
understanding of how climate works—and how it changes—is common
knowledge. This understanding must inform individual choices such as re-
cycling, buying cars, and voting in the coming years and decades. We must
be able to contribute to and evaluate the public discourse on climate change
from a sound scientific foundation.
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This volume imparts a basic understanding of the science of climate
change, including a careful discussion of the differences between climate
change and climate variability. The arguments of the climate change skeptics
are examined, and specific examples of climate change from around the world
and within the United States are presented. In addition, the many social and
political issues swirling around the climate change issue are presented clearly
and thoroughly, with historical context, providing the student with an out-
standing basis from which to understand this complex and important topic.

—Kerry Harrison Cook

Professor of Climate System Science
University of Texas at Austin
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Introduction

HISTORICAL BACKGROUND

It is the suddenness that makes it so unsettling. They were building a large
wall in a magnificent capital city of the greatest empire the world had ever
known. It is as if the whistle blew and all the workers knocked off for lunch—
only they never came back. The wall was simply left, unfinished. Massive
basalt blocks lay half shaped on the ground; stoneworking tools lay where the
workers dropped them before they decamped, never to return. The site—in
Tell Leilan, a capital city of the ancient Akkadian Empire in Mesopotamia—is
eerie and unnerving and makes you wonder what awful event could have led
to such a rapid departure.

Around 2200 B.C.E., the Akkadian Empire crumbled into ruin. So trau-
matic was the event that brought down the empire, the disaster is commemo-
rated in the ancient Lamentation, “The Curse of the Akkad”:

For the first time since cities were built and founded,

The great agricultural tracts produced no grain . . .

The gathered clouds did not rain, the masgurum did not grow . . .
He who slept on the roof; died on the roof.

He who slept in the house, had no burial.

People were flailing at themselves from hunger.!

What had happened at Tell Leilan?

Archaeologist Harvey Weiss (1945— ) unraveled the mystery. In 1978,
Weiss got permission from the Syrian government to excavate the Tell Leilan
site. Over the next decade, Weiss and his team unearthed parts of the bur-
ied city. In 1993, when Weiss came upon the unfinished wall, he was a bit
flummoxed. Why had the Akkadians not completed the wall? At first, Weiss
thought that perhaps, some time later, local people had pilfered some of the
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stone to build their own walls. Weiss left it at that. Then, one day in 1999
while he was driving across the desert, Weiss had a revelation. He suddenly
realized that the wall had not been dismantled, it had been abandoned—
quickly. It was as if “Someone gave the order, and [the workers] moved out,
probably in a matter of days.”?

This realization helped explain an odd soil layer the archaeologist had
found during the excavations. Older, lower soil layers contained the usual
bits of pottery, grain, pollen, and other artifacts and biotic traces that are
commonplace in soil. Yet the soil layer that dated to the time the wall was
abandoned, around 2200 B.C.E., contained none of these. This layer of soil
not only lacked signs of human activity, it did not contain one trace of even a
single earthworm. The one-meter (3-ft.) thick layer of soil that had accumu-
lated over the course of 300 years was totally lifeless. It struck Weiss that the
Akkadian Empire had collapsed due to an intense and prolonged—300-year-
long—drought. Weiss was convinced that sudden climate change had led to
the downfall of the Akkadian Empire.

Weiss’s published findings generated a storm of controversy. Tradi-
tional archaeologists understood that drought affected civilizations but had
never before been asked to accept that climate change could undo them.
Archaeologists published counterarguments to show that it had to be one
of the usual suspects, such as barbarian invasions, economic collapse, or
bureaucratic corruption, that had led to the Akkadian downfall. Traditional
archaeologists insisted that a civilization would adapt to a severe drought
and that the artifacts of their adaptation would be found at the dig site.
Weiss countered by saying, “They did adapt; they left. . . . [Leaving] is a fun-
damental cultural adaptation to conditions that cannot sustain life. Adapta-
tion does not mean staying in one place regardless of what happens.” Thus,
as the severe drought set in, when death from starvation and dehydration
was imminent, those who were able to leave Tell Leilan took off in search
of more hospitable territory.

It took years, but over time Weiss’s view of Akkadian demise was borne
out by scientific research into climate change. Paleoclimatologists are able
to confirm what happened so long ago by drilling cores out of mile-deep
ice sheets or seafloor sediment. Core drilling can be compared to slowly
twisting a plastic straw down through the top of a marble cake. As the straw
moves downward, cake enters the hollow straw. When the straw is pulled
out, it is filled with a cylinder of cake that shows the interior pattern of yel-
low cake and chocolate cake. In the same way, an ice core reveals patterns
or the chemical composition of the many layers of ice it has passed through.
Analysis of these layers tells scientists when and under what conditions the
ice formed. The same is true for sediment cores.

4
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Paul Mayewski (1946— ), of the University of Maine, analyzed an ice
core from Greenland to see if Weiss’s conclusion was supported by scien-
tific evidence. Mayewski’s analysis revealed that there was, in fact, a terrible,
three-century-long drought in the Middle East from about 2200 B.C.E. to
about 1900 B.c.E. Mayewski determined that the drought had been caused by
a weakening of the air circulation over the North Atlantic Ocean that sends
the most abundant rains to Mesopotamia.

Other supporting evidence came from deep-sea sediment cores. Peter
deMenocal (1960— ) of Columbia University’s Lamont-Doherty Earth
Observatory (LDEO) drilled sediment cores from the Gulf of Oman, down-
wind from Syria. He analyzed the cores, layer by layer, looking for dolomite,
the signature mineral in Mesopotamian dust. DeMenocal knew that during
a long-term drought, a lot of dolomite-rich dust would have blown off the
land and eventually ended up as sediment in the gulf. At first, deMenocal
looked for a modest spike in dolomite dust. Instead, he found a whopping
400 percent increase in dust in the layer of sediment laid down between
2200 B.c.E. and 1900 B.c.E. He was astounded—and impressed by Weiss’s
insight.

Further confirmation came from ice core researchers in South America,
who found that during this ancient period the Amazon region endured
the worst drought in more than 17,000 years, and scientists in Africa, who
revealed that the ice atop Mount Kilimanjaro also showed a sudden and dra-
matic increase in dust content during this time. More confirmations flooded
in, from lakebed sediments in Minnesota to stalactite formations in Israeli
caves. To climate scientists, the evidence was clear: Prolonged drought caused
by global climate change was the curse that had killed the Akkadians.

DeMenocal explained what happened in Tell Leilan and its relevance to
people today:

Year-to-year variations [in rainfall] were a real threat, and so [the Akka-
dians] obviously needed to have grain storage and to have ways to buffer
themselves. . .. And they were good at that. They could manage that. . . .
The thing they couldn’t prepare for was the same thing that we won’t pre-
pare for, because in their case they didn’t know about it and because in
our case the political system can’t listen to it. And that is that the climate
system has much greater things in store for us than we think.*

The curse of Akkad is instructive in several ways. It shows that dramatic
changes in the global climate can occur abruptly—like flipping a switch—in
just a few years. It is also an object lesson in humankind’s vulnerability to
abrupt climate change.



GLOBAL WARMING

The human species evolved during times of great climate upheaval.
Human ancestors thrived on the warm African savanna before their descen-
dants dispersed to colonize most of the globe. Humans survived the last ice
age, about 12,800 years ago, in part because they were nomads, wandering
hunter-gatherers who could move from a less habitable location to a more
habitable one as conditions changed. During the collapse of Mesopotamian
civilizations 4,200 years ago, it was the nomads who were best able to live
through the terrible drought because they could follow sources of food and
water or move their flocks to greener, less arid pastures. It was the people
embedded in a complex society—with its specialization and large population
of city dwellers—who suffered the most. It is a given that the more complex
and urban a society is, the more at risk it is to climate change disruptions
because its population is fixed in place.

The Akkadians did not cause the drought that destroyed them, but their
complex, urbanized way of life—their dependence on the import of food and
goods into the cities—made most of them mortally vulnerable to it. Today,
societies are so complex nearly everyone is exposed to the devastating shocks
that climate change can bring. Many people today are aware of their vulner-
ability in the face of climate change. Young people worry about conditions they
will face as adults. Older people are concerned about what type of world their
children and grandchildren will inherit. The difference between then and now
is that people today are causing climate change and they have it within their
power to come to grips with it and take decisive action to limit its impact before
it is too late.

THE SCIENCE OF CLIMATE CHANGE
Natural Climate Changes and Cycles

The Akkadians were felled by a natural change in the global climate. Global
warming—the topic of this book—refers to how human activity is changing
the global climate. Most of the few remaining global warming skeptics admit
that the global climate is warming but insist that this warming is part of a
natural climate cycle, so there is nothing humankind can or should do about
it. To fully grasp how people are changing the climate today, it is first impor-
tant to understand natural climate cycles and how what is happening today
differs from natural climate changes.

SHORT-TERM CLIMATE VARIATIONS
The Akkadians would no doubt be highly indignant at the idea that the
climate change that finished them off was barely a blip in the paleoclimate
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record. The ancient, 300-year-long drought is hardly discernible when com-
pared with longer-term, major climate changes. In other words, short-term
climate events are insignificant on a geologic timescale; on a human time-
scale they are full-fledged, long-lasting disasters. Short-term natural climate
variations result from a variety of factors.

Air circulation over the North Atlantic has far-reaching climatic effects,
influencing the climate (or more briefly and locally, the weather) over much
of the globe. The Akkadian drought arose from air pressure changes that
weakened the normally forceful winds over the North Atlantic Ocean—the
North Atlantic Oscillation (NAO). When it is in its strong, “positive” mode,
the NAO sends abundant precipitation to the Middle East in the winter and
spring. For reasons that are not fully understood, the NAO periodically flips
into its weak or “negative” phase. When, 4,200 years ago, the NAO flipped
into reverse and entered a rather lengthy “negative” phase, Mesopotamia
remained parched for three centuries.

The Arctic Oscillation (AO) is a vortex of air over the Arctic region that
also intensifies and weakens in a cyclic pattern. When air circulation in the
vortex is powerful (or strongly positive), cool air is prevented from flowing
out of the Arctic to cool north temperate regions, and extremely hot, dry
summers ensue. When the AO is negative, it brings the Northern Hemi-
sphere (NH) cool summers and exceptionally stormy winters.

Both the NAO and its Pacific Ocean counterpart, the Pacific Decadal
Oscillation (PDO), reflect changes in atmospheric pressure over the northern
regions of these two oceans. Historically, both the NAO and the PDO cycles
lasted between 10 and 20 years, though as Akkadians would attest, they can
also get stuck in a rut for far longer periods.

Short-term climate variations have had other historically important
impacts. The Medieval Warm Period (ca. 900—1300) resulted from a strength-
ening of the NAO, which brought Europe mild weather, long summers, and
abundant rainfall. This benign climate enabled farmers to reap record har-
vests and led to a population explosion in Europe. It was so balmy during this
period that some of Europe’s best wines were grown in England! However,
when the NAO became too strongly positive, rain soaked Europe almost con-
tinually from 1315 to about 1322. Year after year during this “great hunger,”
sodden crops rotted in the fields.

Only three or four years later, the NAO abruptly flipped into reverse
(negative phase), and the Little Ice Age began. Starvation stalked Europe
again, but this time it was from the cold. Hunger haunted Europe as crops
failed and long, warm, sunny summers became a distant memory. The Little
Ice Age lasted for more than five centuries. Both the Medieval Warm Period
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and the Little Ice Age resulted from relatively minor (geologically speaking)
climate variations that had a traumatic impact on humans.

Conditions on the Sun also have short-term effects on Earth’s climate.
The Sun goes through an 11-year cycle of high and then low energy. During
a solar maximum, or period of high energy, the surface of the Sun is often
dotted with sunspots, which are signs of high, often violent, solar activity
and energy output. When a solar maximum occurs, the more energetic Sun
emits more solar radiation, some of which reaches Earth. It is undeniable that
increased solar radiation during a solar maximum may raise Earth’s aver-
age global temperature slightly. (However, scientists studying the last solar
maximum in 2000 determined that the additional solar radiation reaching
Earth accounted for less than 30 percent of the global warming detected at
that time.) During a solar minimum, when the Sun’s radiation is weakest,
less solar energy, and therefore heat, reaches Earth, and the planet experi-
ences some temporary cooling. The weakest solar activity ever recorded
occurred during the Maunder Minimum at the end of the Little Ice Age (ca.
1645-1715). Few or no sunspots were reported during this time.

El Nino is a climate-altering event that normally occurs every three to
seven years. An El Nifo is initiated when the westward-blowing trade winds
of the tropical Pacific Ocean weaken or cease. This phenomenon is related to
a periodic seesawing of air pressure in the southern Pacific Ocean, called the
Southern Oscillation. Normally, pressure is high over the eastern Pacific and
low over the western Pacific. Periodically, this pressure gradient flattens out
or reverses (low pressure in the east, high pressure in the west). This reversal
of atmospheric pressure occurs in concert with changes in the tropical Pacific
Ocean. When air pressure flips and the trade winds stop blowing, the huge
pool of warm water that normally sits in the western equatorial Pacific sloshes
eastward toward the central Pacific. Sea-surface temperature (SST) has an
enormous influence on precipitation, so the movement of the warm water pool
has dramatic effects on rainfall. Because these air and sea phenomena occur
together, this climate pattern is generally known as the El Nifio—Southern
Oscillation, or ENSO. ENSO causes aberrant and often costly (and deadly)
changes in rainfall patterns (including monsoons) around the world, with the
greatest effects felt in South America, Australia, and India.

THE GRAND CLIMATE CYCLE
The discovery of Earth’s grand climate cycle arose from the 19th-century
obsession with ancient ice ages. It was only 200 years ago that scientists first
dared speculate that ancient ice ages may have occurred, particularly in the
Northern Hemisphere. Geologic formations, such as Alpine valleys and the
elongated gouges of the Finger Lakes in upstate New York, seemed to hint

8
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that some enormous force—perhaps a mile-thick ice sheet?—must have
carved these deeply incised depressions.

In the late 1830s, Swiss geologist Louis Agassiz (1807-73) began accu-
mulating evidence of ancient glacier activity. He concluded that in the geo-
logic past, Earth had experienced at least one ice age. Agassiz’s revelation
inevitably led to a burst of scientific creativity and discovery.

In the late 1840s, French scientist Joseph Leverrier (1811-71) studied the
changes in the shape of Earth’s orbit, called its eccentricity. Eccentricity is a
measurement of how “out of round” an orbit is. A non-eccentric orbit is a
perfect circle; a highly eccentric orbit is very flattened, or elliptical. On aver-
age, Earth’s orbit is about 155 million kilometers (93 million mi.) from the
Sun. When it is positioned in the “flat” part of its most eccentric orbit, Earth
is 5 million kilometers (3 million mi.) closer to the Sun than when its orbit is
more circular. Leverrier showed that this seemingly slight difference affects
the amount of solar radiation striking Earth, and thus the global climate.
Leverrier calculated that Earth’s eccentricity varies during a 100,000-year
cycle; that is, it takes 100,000 years for Earth’s orbit to change from its great-
est eccentricity to its least eccentricity and back again.

Nineteenth-century scientists knew that Earth rotates on its axis and
that the axial tilt, or inclination, is 23.5 degrees off vertical. Leverrier found
that the planet Jupiter exerts a gravitational pull on Earth that causes its
inclination to vary over a period of 41,000 years. Thus, every 41,000 years
Earth’s axial tilt changes from its minimum tilt of 21.5 degrees off vertical to
its maximum tilt of 24.5 degrees off vertical. The degree of Earth’s inclination
affects which parts of the globe get the strongest sunlight. So inclination, too,
affects the global climate.

The final piece of the climate cycle puzzle concerns the way Earth
wobbles on its axis, like a slightly off-balance spinning top. In the mid-1800s,
a French mathematician studied this phenomenon, called precession, and
its effect on climate. He found that it takes, on average, 8 million daily rota-
tions—or about 22,000 years—for the Earth to complete one entire “wobble
circuit,” or precession cycle. Precession amplifies the effects of inclination, so
it too has an impact on climate.

The Milankovitch Cycle

These were all interesting, even crucial, parts of the climate puzzle, but what
did they have to do with ice ages? Serbian mathematician Milutin Milan-
kovitch (1879-1958) put all of the puzzle pieces together. By the 1930s,
Milankovitch had spent three tedious decades calculating the amount of
sunlight every part of the Earth receives during all the changes the planet
goes through as it orbits the Sun. Milankovitch concluded that an extreme of

9
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axial tilt or precession away from the Sun would lessen the amount of solar
radiation hitting one part of the Earth, cooling that hemisphere sufficiently
to initiate an ice age. Precession often acts as an amplifier of inclination, so
an ice age is likely to occur when together they position a hemisphere so that
it gets less solar radiation.

Milankovitch determined that an ice age results when Earth is farthest
from the Sun, positioned at the outer edge of its most eccentric orbit. Thus,
Earth undergoes a grand climate cycle every 100,000 years—the time it takes
to complete one full orbital cycle. It takes a long time to build an ice sheet,
but a relatively short time to melt one. Over 90,000 years or so the vast ice-
age ice sheets build to their maximum extent. During this period, the more
frequent cyclical ice-age triggers kick in, with ice volume peaking every
41,000 years (from inclination) and every 22,000 years (from precession).
Then, within 10,000 years, the ice sheets melt and the climate enters a warm,
interglacial period, which usually lasts for about 10,000 years but may persist
for up to 25,000 years. This 100,000-year grand climate cycle is also known
as the Milankovitch cycle.

Milankovitch also revealed the crucial role that snow cover plays in the
lead-up to an ice age. Milankovitch showed that it was not cooler winter
temperatures during the climate cycle that led to ice ages, as most scientists
then believed, but cooler summer temperatures. When the amount of solar
radiation hitting a high-latitude region of the planet is very weak during the
summer, the winter snows do not completely melt away. Some snow stays
on the ground all summer. More snow is added the next winter, and more of
that survives the following summer. Snow reflects light (and heat) away from
the globe, so the more snow remains on the ground, the cooler the region
gets. Year after year, the extent of snow cover increases and the regional cli-
mate cools. Milankovitch showed that after just a few years, this process leads
to the formation of an ice sheet and the onset of an ice age.

MID-TERM CLIMATE CYCLES AND EVENTS

Climatologists long thought that since the last ice age Earth experienced
a period of climate stability. However, ice and sediment core research has
shown that in the modern geologic epoch (the Holocene), climate has fluctu-
ated wildly and been about as far from humdrum stability as it can get.

These newly discovered climate fluctuations generally arise during times
of climatic transition, usually at the end of an ice age, and may have dramatic
effects on the ocean. Most of these changes are too complex to address here;
suffice it to say that when they are graphed they produce a spiky scrawl of
jagged sawtooth lines, each indicating a dramatic and abrupt climate shift
from warm to cool and vice versa. Climatologist Richard Alley (1957- )
described these extreme variations in the climate cycle this way:
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[If you can] imagine the spectacle of some really stupid person ...
bungee-jumping off the side of a moving roller coaster car, you can begin
to picture the climate—the roller coaster rides the orbital rails of the ice
ages, with the bungee-jumping maniac [the fluctuating climate] bounc-
ing up and down [warm climate, cool climate] past it.>

Where Are We Now?

All these up-and-down climate cycles can make a person dizzy, so let’s pause
to see where on this crazy roller coaster ride of a climate cycle we are today
and how we got here.

About 20,000 years ago, Earth was in a cold part of its orbital cycle. Then,
about 12,800 years ago, as the climate began to warm, the planet entered a
short but intense ice age (due to a midterm climate event) called the Younger
Dryas (named after the pretty Dryas flower that flourished during this frigid
period). At the dawn of the Younger Dryas, average temperatures in many
parts of the world plunged by an astonishing 15°C (27°F) in less than 10 years.
Then the climate switch flipped, and the Younger Dryas ended. About 10,000
years ago, it really warmed up (except for one extreme cold snap 8,200 years
ago), giving us today’s relatively mild and stable climate. Earth’s present axial
tilt of 23.5 degrees is fairly extreme and accentuates seasonal temperature dif-
ferences. However, the planet’s current precession and the favorable round-
ness of its eccentricity offset the tilt’s tendency toward a cooler climate. All in
all, Earth is currently in what Richard Alley calls a climatic “sweet spot.”® We
have been basking in that rare and most comfortable of climate regimes—the
10,000- to 25,000-year span of the warmest weather between ice ages.

People and Climate

People have been affecting the global climate since the agricultural revolu-
tion. Their primary contribution to climate change then—as now—came
from the quantities of heat-trapping gases, such as carbon dioxide (CO5) and
methane, they emitted into the atmosphere.

PREINDUSTRIAL IMPACTS

For hundreds of thousands of years, our ancient ancestors had little effect on
the climate. They were mainly nomadic hunter-gatherers who sought food
supplies wherever they happened to be. But once our species, Homo sapi-
ens, appeared on the scene about 100,000 years ago, the climate was in for a
change. This change did not begin with the Industrial Revolution (ca. 1750),
but predated it by thousands of years.

Humans had little effect on the climate until they began to live in perma-
nent settlements about 11,500 years ago, at the dawn of agriculture. As people
became more adept at growing their own food, settlements grew from tens to
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hundreds of inhabitants. More food was needed for the growing population,
so forests were cleared to free up more land for farming. Forests are carbon
sinks—trees absorb CO, from the atmosphere during photosynthesis—and
act as carbon reservoirs that keep carbon out of the atmosphere. So cutting
down forests for agriculture inevitably increased atmospheric CO; concen-
trations. Then, around 3,000 years ago, the Chinese started burning coal as
a fuel, and Europeans began digging up and burning peat (a coal precursor)
to keep warm. Both these fuels added CO, to the atmosphere. Climatologists
have calculated that between 8,000 years ago and the beginning of the Indus-
trial Revolution, forest clearing, primarily for agriculture and fuel, released
an estimated 300 billion tons of CO, into the atmosphere—at a rate of 0.04
billion tons per year over 7,750 years.”

Methane is a powerful heat-trapping gas that occurs in far lower concen-
trations than CO,. About 5,000 years ago, atmospheric methane concentra-
tions, too, began rising. These ancient increases in atmospheric methane are
generally attributed to greater numbers of domestic (and flatulent) livestock
and, most important, to irrigation of rice paddies in Asia. Land flooded with
water to grow rice drowns natural vegetation, which dies and decays, a pro-
cess that emits large quantities of methane.

Finally, these ancient alterations of the atmosphere and climate were
exacerbated by the large increase in the human population that the agricul-
tural revolution made possible. More people eat more food, which requires
more forest clearing or rice growing (not to mention fuel burning and house
building). Scientists estimate that between 7000 B.c.E. and 1750 c.E., the
human population doubled about every 1,000 to 1,500 years.® Thus, a popula-
tion of a few million or tens of millions 6,000 years ago grew to 200 million by
2,000 years ago and 650 million by 1700.° As is happening today, population
growth magnified humanity’s impact on the climate. Today, however, the
human population is growing exponentially, adding new billions at an accel-
erating rate and creating unsustainable strains on the natural environment.

THE INDUSTRIAL REVOLUTION
The slow and steady human impact on climate that characterized the 10
millennia prior to 1750 was nothing compared with the changes brought
about by the Industrial Revolution. Some historians locate the start of the
Industrial Revolution in 1769, when Scottish inventor James Watt (1736—
1819) patented the first steam engine. Watt’s steam engine burned coal to
boil water, which generated steam, which powered an engine. Watt’s steam
engine could be used to power just about anything—to turn the gears of
almost any large mechanical device. Watt adapted the steam engine and
sold it to industrialists eager to profit from its efficiency. The coal-burning
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steam engine powered nearly every industry—from textiles to transporta-
tion—for almost 150 years.

The world’s first oil well was drilled in Titusville, Pennsylvania, in 1858
by an Abe Lincoln look-alike named Edwin L. Drake. In August 1859, Drake
struck oil. Soon, the well was producing 10 to 35 barrels of oil a day, “almost
doubling the world’s [oil] production.”l® By the mid-1900s, Pennsylvania
provided nearly all U.S. petroleum.

Petroleum was used to power a variety of machinery. When John D. Rock-
efeller’s Standard Oil Company controlled most of it, oil became more widely
used, though it still lagged behind coal as the fuel of choice. Rockefeller’s oil
refineries quickly and profitably sold all the oil they produced. What the refin-
eries could not sell was a lighter, more volatile by-product of oil refining—light
petroleum—which was just dumped as (toxic) waste. Then, in 1860, destiny pro-
vided light petroleum with its raison d’étre. The first internal combustion engine
mixed light petroleum—gasoline—with air to produce a controlled explosion
in a chamber containing a moving piston. The automobile age had begun. By
1904, motorcars were in production; within 10 years, the automobile had made
petroleum one of the most important sources of energy in the world.

The rest, as they say, is history. Both coal and petroleum products were
ubiquitous in industrialized countries, powering billions of machines and
millions of cars, heating countless buildings, and pouring enormous quanti-
ties of CO, into the air.

FOSSIL FUELS

Coal and petroleum products are fossil fuels, so called because they formed
from the long-dead, decayed bodies of ancient (fossil) organisms. Coal
formed from plants that lived during the Carboniferous period, more than
300 million years ago, when much of the planet was covered by lush, tropical
vegetation. Over millions of years, vast layers of dead plants were continually
buried by yet more decaying vegetation. The weight and pressure of overly-
ing layers transformed the carbon-based plants into coal. Petroleum is a
hydrocarbon that also formed over hundreds of millions of years, but it was
created by the dead and decaying bodies of tiny marine organisms, or algae.
Oil formed when countless algae died and sank to the sediments on the ocean
floor. Over millions of years, the layers of dead algae accumulated, and the
pressure of overlying layers and ocean water compressed them until they
became a type of liquefied carbon—oil.

Both coal and oil are carbon-based materials that release CO, during
combustion. For eons, these enormous amounts of ancient carbon were
tucked away safely—or sequestered—beneath Earth’s surface. But, begin-
ning with the Industrial Revolution, millions of years’ worth of stored carbon
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was being “exhumed” and burned—adding colossal quantities of carbon, in
the form of CO,, to the atmosphere. Surely, all this added carbon was hav-
ing some effect on the balance of carbon in the atmosphere and the oceans.
Where was all this carbon going?

THE GREENHOUSE EFFECT

It was a combination of pure luck and the intervention of his mentors that
saved Joseph Fourier (1768-1830) from losing his head to the guillotine in
1794. For an egghead mathematician, Fourier had an incredibly adventurous
life. After being imprisoned three times during the turbulent years of the
French Revolution, Fourier found himself accompanying Napoléon to Egypt.
It was in the furnace of the Egyptian desert that Fourier first turned his pro-
fessional attention to the movement, or diftfusion, of heat.

Back in France in the 1820s, Fourier began thinking about what kept
the Earth warm. He formulated a hypothesis, published in 1824, in which
he suggested that some solar radiation bounces off Earth’s surface and back
into space. But some of it is held near the surface by the atmosphere, which
acts as a heat-trapping envelope that reradiates solar energy back toward
the ground. He compared the atmosphere to a greenhouse that allows solar
energy to enter, but contains gases that trap some heat inside. The concen-
trations of these heat-absorbing gases—whatever they were—determine how
much solar energy, in the form of infrared radiation, is reradiated to the plan-
et’s surface. As often happens, Fourier’s important paper sank into obscurity.
Only when the Industrial Revolution was running at full throttle would
Fourier’s paper be unearthed and its climatic implications considered.

Several decades later, in 1859, geologist John Tyndall (1820-93) identi-
fied two of the heat-trapping gases—or greenhouse gases (GHGs)—whose
existence Fourier had postulated: CO, and water vapor. Like most climate
researchers of his time, Tyndall was fascinated by ice ages. Tyndall showed
that as the levels of these gases in the atmosphere dropped, the planet would
enter an ice age. (Tyndall did not consider the flip side of that coin—global
warming from increases in these gases.)

Svante Arrhenius (1859-1927) was a Swedish chemist who, like Tyndall,
was intrigued by ancient ice ages. By 1896, Arrhenius had calculated that
halving CO, concentrations in the atmosphere would lower Europe’s tem-
perature by 4-5°C (7-9°F) and initiate an ice age. It looked good on paper,
but Arrhenius was not even sure that atmospheric levels of CO, could change.
He turned to his colleague Arvid Hogbom (1857-1940), who had spent years
studying how increases in industrial CO, emissions were affecting the carbon
cycle and the atmosphere. Using Hogbom’s findings, Arrhenius calculated
that if CO, emission rates continued or increased, Earth’s climate would
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warm by 5-6°C (9—11°F). Perhaps it was because both scientists hailed from
icy Sweden that this prospect did not in any way concern them.

By 1908, however, when Arrhenius published his findings in book form,
the rate of coal burning had increased dramatically. In his book, Arrhenius
speculated that increasing CO, emission rates would, at some unknown
future time, cause the global climate to warm. Arrhenius’s work was rejected
by the scientists of his time and then ignored until the 1990s, when global
warming became a pressing issue.

In Arrhenius’s day, scientists firmly believed that the global climate sys-
tem was self-regulating. Nearly everyone in that era accepted that the balance
of nature—the essential goodness and harmony of the natural world—would
always manage to smooth out any changes human activity might cause.

This attitude irked English engineer Guy Stewart Callendar (1898—1964)
who took it upon himself to investigate whether human emissions of CO,
were accumulating in the atmosphere and changing the climate. Callendar
gathered data from 200 weather stations around the world for the years 1880
to 1934. Not only did his analysis show a huge increase in atmospheric CO,,
it also revealed an overall warming of the climate. Callendar explained why
the oceans—the panacea of the natural balance believers—would not absorb
limitless quantities of CO; but, as CO, levels increased, would actually give
back into the atmosphere some of the CO, they temporarily took from the
air. Callendar’s calculations were incomplete and very crude by today’s cli-
mate model standards, but his insights and urgent warnings about climate
change were on target.

It took two world wars and cold war paranoia for official interest and
the necessary technology to finally vindicate Arrhenius and Callendar. The
breakthrough came at the dawn of the nuclear age and was subsidized by U.S.
agencies tasked with guarding the country’s security interests. Specifically,
national security officials were extremely keen on any technology or research
that would help them detect radioactivity (from nuclear bomb testing) in the
air or the oceans. To this end, scientists had developed a method for detect-
ing—and dating—substances by the amount of an isotope of carbon (C)
they contained. Once scientists figured out exactly how long it takes for the
radioactive isotope C-14 to decay into “normal” C-12 (many millennia) and
the rate at which it decays, they could precisely date carbon-based materials
based on how much C-14 they contained.

In 1955, chemist Hans Suess (1909-93) used C-14 dating techniques
to show that fossil fuel carbon was present in the atmosphere. (Fossil fuel
carbon is identifiable because it is so old it contains no C-14.) Roger Revelle
(1909-91) of the Scripps Institution of Oceanography heard about Suess’s
work and immediately hired him. Together they would find out if carbon
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from fossil fuel combustion was being absorbed and retained by the oceans.
Revelle was an expert in ocean chemistry, and he knew that some chemicals
in the ocean buffered the effects of additions of other chemicals, such as
CO,. Revelle analyzed the amounts of C-12 and C-14 in ocean water and
found that seawater’s buffering mechanisms would prevent it from retain-
ing all the CO, emissions it had absorbed. In fact, Revelle’s calculations
showed that the ocean surface absorbed barely 7, of the amount of CO,
scientists had predicted. Most of the CO, absorbed by the ocean’s surface
was evaporated back into the air before ocean circulation could safely
sequester it at the sea bottom. So, scientific faith in the ocean as the savior
of the climate was misplaced. Most of the CO, emissions people were put-
ting into the atmosphere were staying there. As Revelle and Suess stated
in their seminal paper: “[Carbon dioxide] may become significant during
future decades if industrial fuel combustion continues to rise. . .. [Hjuman
beings are now carrying out a large-scale geophysical experiment of a kind
that could not have happened in the past nor be reproduced in the future.
Within a few centuries we are returning to the atmosphere and oceans the
concentrated organic carbon stored in sedimentary rocks over hundreds of
millions of years.”!1

Keeling’s Curve

Geochemist Charles David Keeling (1928-2005) loved nature, and as a sci-
entist he pursued studies that kept him outdoors as much as possible. Dave
Keeling was determined to find out if global CO, levels were rising. In 1955,
a manic Keeling spent months rushing from one wild, remote site in Califor-
nia to another with his homemade “air-trapping” sphere to capture and then
analyze the amount of CO, in each sample. Keeling realized that in order to
verify that CO, levels were rising, he needed to find a baseline with which to
compare these levels over time.

When Keeling analyzed his trapped air samples, he found that each one
contained a CO, concentration of 315 ppm (parts per million). A jubilant
Keeling realized that the gas he was collecting represented the condition of
the global atmosphere and was not distorted by “noise” from local air pol-
lutants. Further, his 315 ppm concentration could be used as a baseline with
which to compare future changes in CO; levels.

In 1957, Keeling attended the International Geophysical Year (IGY) con-
ference in Washington, D.C., where he met Revelle. Keeling was a man with
a mission, and his passion for his research convinced Revelle to bring him to
Scripps. There, Keeling got the funding he needed to build a more sophisti-
cated apparatus for measuring the components of air.

In early 1958, Keeling hauled his new, far more precise device up to
the desolate summit of 4,170-meter (13,680-ft.) tall Mauna Loa in Hawaii.
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Mauna Loa was the perfect site for analyzing the global atmosphere. Mauna
Loa is surrounded by thousands of miles of open ocean, is uncontaminated
because it towers above the air pollution lower in the atmosphere, and is in
the path of the trade winds so it is swept by air that has traveled most of the
globe. Here, Keeling set up shop and began his analyses. By 1960, Keeling’s
data confirmed that the upward trend in the level of atmospheric CO, was in
accord with Revelle’s prediction of low oceanic uptake. Year after year, Keel-
ing monitored and recorded the data his apparatus gave him about atmo-
spheric CO, concentrations. His famous graph of increasing atmospheric
CO4 levels is known as the Keeling curve.

Trends in CO, Concentrations, Mauna Loa,
Hawaii, for Selected Years

YEAR CO, CONCENTRATION
(SEASONALLY ADJUSTED) (PPM/VOLUME)
1960 316.5
1970 324.7
1980 337.9
1985 3449
1990 353.0
1995 359.5
1996 361.1
1997 362.3
1998 367.9
1999 368.94
2000 369.30
2001 372.18
2002 37473
2003 376.65
2004 378.43
2005 381.0
2006 382.61
2007" 386.04
* April 2007

Note how, beginning in 2000, increases jump from tenths of a unit to several full units.

Source: Scripps Institution of Oceanography. Available online. URL: http://www.scrippsco2.ucsd.edu/data/data.
html.
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The Natural and Enhanced Greenhouse Effect

Since Tyndall’s time, scientists have understood the basics of the greenhouse
effect, which describes how greenhouse gas molecules trap solar radiation
(heat) near Earth’s surface. Some solar radiation never reaches Earth’s sur-
face because it is reflected out into space by clouds and dust high in the atmo-
sphere. Some solar radiation is reflected back into space by Earth’s ice- and
snow-covered surfaces, which have high reflectivity, or albedo. Some solar
radiation is absorbed by the land and the oceans.

The solar radiation that is neither reflected away from the planet nor
absorbed by the planet’s surface is sent back toward space as infrared radia-
tion. Some of this infrared radiation escapes into space. However, some of it
is absorbed by GHGs in the atmosphere and then reradiated back to Earth’s
surface, where it warms the planet. Thus, the more GHGs there are in the
atmosphere, the warmer the planet’s surface will be.

The greenhouse effect is not necessarily negative. In fact, every living thing
on Earth owes its life to the natural greenhouse effect. Without heat-trapping
gases in its atmosphere, Earth would be a frozen, lifeless wasteland. The GHGs
that are emitted naturally into the atmosphere (water vapor from evaporation;
volcanic CO», for example) maintain the world’s warm, life-sustaining climate.
The main naturally occurring GHGs are water vapor, CO,, and methane. (The
primary components of the atmosphere—nitrogen and oxygen—are thermally
neutral and have no impact on the greenhouse effect.)

The enhanced greenhouse effect refers to GHGs that have been added to
the atmosphere by human activity. The enhanced greenhouse effect leads to
global warming because the additional GHGs reradiate more infrared radia-
tion and heat back to Earth’s surface.

Carbon dioxide is not the only GHG in Earth’s atmosphere. Water vapor
and methane have been mentioned as vital GHGs. Methane levels in the
atmosphere increase with the number of livestock raised and the amount of
rice grown. In the 1980s, it was found that deforestation also adds methane to
the atmosphere. These activities have resulted in an increase in atmospheric
methane concentrations from 791 ppb (parts per billion) in 1850 to 1,847
ppb in 2004.12

CFCs (chlorofluorocarbons) are a thoroughly anthropogenic (human-
made) source of greenhouse warming. CFCs are a family of chemicals that
were used as propellants (in aerosol cans such as hairspray) and as refriger-
ants in air conditioners and refrigerators from the 1950s to the 1980s. After
it was discovered that CFCs destroy stratospheric ozone, creating an annual
“ozone hole” over Antarctica, in 1987 nearly all the nations of the world
signed on to the Montreal Protocol, an international agreement to phase out
production and use of CFCs. However, CFCs are thousands of times more
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potent than CO, at trapping heat and they remain in the atmosphere for
centuries. So CFCs (and to some extent the hydrofluorocarbons, or HFCs,
that replaced them) continue to act as GHGs. Nitrous oxide (N,O), com-
ing mainly from fertilizers and disturbed soil, was identified in the 1970s as
another powerful GHG. All in all, by 1985 more than 30 trace gases were
found that amplify the greenhouse effect. Most occur in minute amounts, but
together they can cause significant warming.

Though it is not listed among the GHGs that are affected by human
activity, water vapor is one of the most potent GHGs on Earth. The heat-
trapping capacity of water vapor is largely responsible for the natural green-
house effect that created the life-giving warmth of Earth’s climate. The inti-
mate relationship between air temperature and the amount of water vapor in
the air (via evaporation) is one vital mechanism that drives global warming.
Further, water vapor amplifies the effects of atmospheric COo; thus it has a
major impact on climate change. However, its short residence in the atmo-
sphere (about 10 days), among other factors, means that water vapor has
not been assigned a numerical global warming potential (GWP), comparing
its heat-trapping capacity to that of carbon dioxide. This lack of designation
should not lead one to underestimate the potency of this important GHG.

As scientists gained more understanding of climate cycles and the green-
house effect, pressing questions arose: How do minor changes in the amount
of sunlight reaching Earth cause climate changes as drastic as ice ages? What
relationship, if any, does CO, have to climate changes caused by orbital varia-
tions? Is there some trigger or strong feedback mechanism that provides the
necessary push to propel a small change due to orbital or axial variations into
a major climate shift?

Earth’s climate is a nonlinear system in which seemingly insignificant,
step-by-step changes can suddenly cross a threshold and snowball to cause
dramatic climate shifts. Even relatively small alterations in some aspect of
the climate can initiate feedbacks that amplify the effects of these changes.
Once a feedback mechanism begins, it may send the climate hurtling over a
threshold that causes irreversible climate change. Scientists speculate that
CO, might be one of the triggers that flips the sensitive and delicately bal-
anced climate into a new regime. Ice and sediment core studies would reveal
how closely coupled CO, and shifts in Earth’s climate system really are.

Core Confirmations

Even back in the 1950s and 1960s, it seemed logical to some observers to cor-
relate higher CO, concentrations with fossil fuel burning—where else could
all that extra carbon be coming from? Yet there was no conclusive evidence
either that human activity was solely responsible for the excess CO or that
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global warming was a bad thing. Maybe a warming climate would keep the
next ice age at bay and save civilization.

Until incontrovertible evidence showed that a warming climate was dan-
gerous and undesirable and that it was being caused by human burning of
fossil fuels, societies would resist the economic and lifestyle disruptions that
abandoning fossil fuels would entail. After all, everything in modern industrial
society is powered by fossil fuels, from electricity generation (mostly coal pow-
ered) to home heating (mainly oil) to transportation (gasoline). Obviously, more
research was needed. That research delved deep into Earth’s ice and sediment.

ICE CORES

One way to determine if today’s climate changes are the result of human
activity is to dredge up data from ancient climates and then compare what
happened then with what is happening now. If paleoclimate conditions
resemble what is happening today, then the argument that a natural cycle
is causing today’s observed warming is supported. If climate conditions
observed today, particularly in terms of the rate and degree of atmospheric
CO, increase, are absent from the paleoclimate record, then the climate
changes currently observed can likely be attributed to human activity.

Ice sheets are a perfect place to look for clues about ancient climates.
When snow falls on an ice sheet and is compacted into ice, it contains minute
bubbles of the air through which it fell. So every snowflake that has fallen on
an ice sheet over time deposits in the ice a minute sample of Earth’s air at the
time the snow fell. Scientists can analyze those ice-bound air bubbles to find
out the chemical composition of the atmosphere in the distant past.

To travel really far back in time, scientists must analyze ice from an
enormously thick ice sheet. That is why most ice core research is conducted
in Greenland or Antarctica. Greenland’s ice sheet is several kilometers thick,
and its lower layers formed hundreds of thousands of years ago. The miles-
thick ice sheets in Antarctica contain ice more than a million years old.

To get at ancient ice, intrepid teams drill into the ice to remove a core
that is usually a 10-12 centimeter- (4-5 in.) diameter cylinder of ice. The first
ice core, drilled in 1961 at Camp Century in Greenland, was only a few feet
long and revealed little about ancient climates. By 1966, advances in drilling
technology allowed these researchers to extract an ice core 1.4 kilometers
(0.87 mi.) long, representing 100,000 years of Earth’s climate. Two years later,
a 1.6 kilometer- (1-mi.) long ice core was removed from the Ross Ice Shelf
in Antarctica. By the late 1980s, scientists in Greenland were able to extract
cores of increasing length (and therefore age), as were drilling teams in Ant-
arctica, especially at the research station at Lake Vostok.

Removing a cylinder of ice from a glacier is not simply a matter of drill-
ing a hole and yanking out a core. As ice is removed from the depths, it must
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be lifted with extreme care or the lessening of pressure on the ice as it nears
the surface will cause it to explode. After refrigerating and examining the
core, scientists carve it up into thin slices that are easy to handle and whose
microscopic characteristics can be minutely analyzed.

Scientists first assess a core’s visible characteristics. For example, ice is
laid down in layers that are comparable to tree rings. Scientists can measure
the size of each layer to determine which periods got more or less snow and
the opacity of the layers to see which layers contain the most dust (indicating
dry, windy conditions or volcanic eruptions). Unfortunately, for a number of
years, two of the most important clues held in the ice—the chemical com-
position of its air bubbles and the temperature at which it formed—were
technologically impossible to unravel.

Then in the 1960s, Danish paleoclimatologist Willi Dansgaard (1922— )
discovered a way to use isotopes of oxygen to determine the temperature
at which ancient ice formed. Scientists knew that a rare isotope of oxygen,
oxygen-18, is heavier than “normal” oxygen-16. When the climate is cold,
O-18 will condense before O-16, and O-18 will also precipitate out of clouds
before O-16. Dansgaard showed that it is possible to determine the precise
temperature at which various ratios of O-16 to O-18 will occur. An analysis
of the ratio of O-16 to O-18 in ice tells scientists the atmospheric tempera-
ture at the time the ice was laid down. Determining temperature at the time
of ice formation was further refined by Jeffrey Severinghaus (1959— ), who,
in 1999, showed that analyzing the amounts of argon and nitrogen isotopes
in the air bubbles enabled scientists to date changes in surface temperature
at the time of ice formation to within a decade—a remarkable achievement
and a key to understanding abrupt climate change.

In the 1970s, scientists developed a dependable way to retrieve and ana-
lyze the air bubbles trapped in ancient ice. The method involved crushing a
squeaky-clean ice sample in a vacuum chamber that contained gas-analyzing
equipment. The equipment was able to accurately analyze the chemical com-
position of the tiny, rapidly exploding air bubbles.

Using these two vital analytical tools, climatologists finally were able to
conduct the crucial analyses of past climates that would put our own chang-
ing climate into perspective. What they found was momentous, astonishing,
and troubling.

In 1985, researchers in central Antarctica published their study of a
2-kilometer- (1.24-mi.) long ice core taken from the huge ice sheet at Lake
Vostok. This core contained a record of the temperature and composition of
the atmosphere over the past 150,000 years (a grand climate cycle of ice age,
warm period, ice age). Significantly, the study results showed that the globally
averaged temperature rose and fell in step with concentrations of CO, in the
atmosphere. These results prompted one expert to conclude that there is an
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“emerging consensus that CO, is an important component in the system of
climatic feedbacks” and that future research would “require treating climate
and the carbon cycle as parts of the same global system rather than as sepa-
rate entities.”13

Scientists were impressed by these findings, but hesitated to use them
to declare that “global warming is real.” Though the data were compelling,
they revealed only one grand climate cycle. Perhaps, scientists speculated,
this grand climate cycle was in some way abnormal. So instead of claims of
certainty, climatologists called for more and longer cores to reveal conditions
through several grand climate cycles.

It was not long before deeper ice cores were drilled and subjected to the
same analyses. By 1987, a Vostok core dating back more than 160,000 years
showed the same CO,-temperature coupling. A few years later, the Vostok
team removed an ice core dating back 420,000 years that revealed the climate
through four grand climate cycles. Analysis of this core showed that during the
coldest part of the four previous ice ages, atmospheric concentrations of CO,
leveled out at about 180 ppm. During the warmest part of the four interglacial
periods, CO, concentrations never exceeded 280 ppm. Antarctic drilling teams
continued to pull longer and older ice out of the ice sheet. All the Antarctic
cores—from 600,000 years ago, from 850,000 years ago—confirmed the CO,
concentration data. At no time during the last eight interglacial warm periods
had CO, concentrations topped 280-300 ppm. At the time these scientists
were conducting their analyses, the air they were breathing contained CO,
concentrations of 345-382 ppm—truly unprecedented elevations of CO,.

These studies revealed that CO, was a significant factor in amplifying the
changes in the global paleoclimate caused by orbital variations. The research
underscored the crucial difference between natural climate variations in the
ancient past and climate change today. During past grand climate cycles, as the
ice age waned, the ocean warmed along with the climate. The warmer ocean
emitted to the atmosphere large quantities of CO,, which amplified the natural
climate change, but did not induce it. In our current situation, CO; is a caus-
ative factor that is enhancing the greenhouse effect and warming the global
climate at a rate and to a degree not seen before. Based on their ice core study,
the Vostok scientists stated that continued emissions of CO, would produce
“a warming unprecedented in the past million years, and [would occur] much
faster than previously experienced by natural ecosystems.”14

The Research in Context

Carbon dioxide is linked in a stepwise manner to Earth’s globally averaged
temperature. From ice core and other research, climatologists know that the
difference in the globally averaged temperature between the depth of an ice
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age and the warmest part of the interglacial period that follows is between 5°
and 6°C (9°-11°F).’> Normally, this change in globally averaged temperature
occurs over a period of 100,000 years.

As of 2005, when CO, levels hit 380 ppm (the highest level to that time
in nearly 1 million years), the globally averaged temperature had risen about
1°C (1.8°F) since the Industrial Revolution. If humans continue to pump CO,
into the atmosphere at current (or accelerating) rates, CO, concentrations
are expected to rise to 880—1,000 ppm within a century or two, creating a
heat-trapping capacity in the atmosphere not seen in 30—40 million years and
raising the globally averaged temperature 5°~6°C (9°~11°F) or more in only
200 years. As Richard Alley describes it, Earth would return to the “saurian
steambath” of the dinosaur-dominated Cretaceous period.1®

How would the planetary climate respond to such unprecedented
changes in the atmosphere? Is it even possible for Earth’s climate to change
so quickly and drastically?

Comparison of Changes during Natural Climate Cycles
and for Global Warming (Business as Usual Scenario)

Temperature difference

between the depth of an
ice age and the following
warm interglacial period

Time frame within which
this temperature change
occurs

Difference between ice
age and interglacial
atmospheric CO,
concentrations

Time frame within which
this change in CO,
concentration occurs

Highest atmospheric CO,
concentration during
warm periods in last

1 million years

NATURAL
CLIMATE
CYCLE

5°t06°C
(9°to 11°F)

50,000 to 90,000

years

180 ppm (ice age)
300 ppm (intergla-
cial warm)

50,000 to 90,000
years

280 to 300 ppm

CLIMATE CHANGE
OCCURRING IN TODAY’S
INTERGLACIAL CLIMATE
(BUSINESS AS USUAL
[BAU])

45°Ct06.4°C
(8.1°to 11.5°F)

100 to 200 years

280 ppm (pre-industrial)
384 ppm (2007)

250 years

384 ppm now;

likely rising to 880 to
1,000 ppm

under BAU scenario

23




GLOBAL WARMING

Abrupt Climate Change

Early drilling teams who shivered in their parkas atop ice sheets were not
investigating climate change. For the first decade or so, ice core researchers
sought evidence that would either support or debunk Milankovitch’s astro-
nomical theory of climate cycles and unravel the mysteries of past ice ages.

At the end of the 19th century, scientists believed that Earth’s climatic
norm was long, stable warm periods (like ours) punctuated by rare and brief
episodes of glaciation, which were also marked by warm and cold periods.
Studies of land surface features had convinced early geologists that there had
been exactly four ice ages in Earth’s past. The advent of radiocarbon dating
and other techniques for analyzing ancient time and temperature convinced
scientists to abandon this view and accept Milankovitch’s ideas.

Radiocarbon dating allowed researchers to use proxies—representative
evidence—to study ancient climates. For example, in the 1950s, chemist
Harold Urey (1893-1981) was combining radiocarbon dating with analysis
of isotopic oxygen uptake to create a time line for ancient marine animals.
Urey’s proxies were the fossils of tiny, shelled marine organisms called fora-
minifera, or forams for short. Urey showed that the ratio of O-18 to O-16 in
foram shells revealed the temperature of the water at the time the ancient
shells were constructed.

Urey’s work was advanced by Cesare Emiliani (1922-95), who stud-
ied deep-sea sediment cores hundreds of meters long. In 1955, Emiliani
announced that he had picked through the muck of a sediment core dating
back 300,000 years. His analysis of foram shells fossilized in the mud revealed
that there had been dozens of glacial periods—not just four—and that the
warm-cold climate swings seemed to occur rapidly and unpredictably.
Emiliani’s findings were dismissed until, years later, researchers confirmed
them in studies of warm- and cold-loving foram species. Each foram species
occurred in sediment cores at intervals correlating exactly with Emiliani’s
many glaciations.

In 1960, Wallace Broecker (1931- ), along with colleagues at LDEO,
reported that deep-sea and lakebed sediment cores revealed extreme cli-
mate shifts of between 5°-~10°C (9°—18°F) in less than 1,000 years. Broecker
speculated that such rapid shifts might have something to do with ocean
circulation. His subsequent sediment core research led Broecker to pos-
tulate that climate regimes shifted abruptly and erratically. His findings
correlated well with the graph of sawtooth climate fluctuations revealed by
ice cores from both Greenland and Antarctica, in which abrupt, large-scale
changes in a climate regime were interspersed with equally rapid and erratic
shorter-term “flickers” from warm to cold and back again. Other climatolo-
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gists used a variety of proxies—from fossil pollen and beetle shells to tree
rings—to confirm that the global climate seemed to lurch out of relatively
stable periods via “catastrophic discontinuities” as it transitioned to a differ-
ent climate regime.!” Willi Dansgaard’s Greenland core research supported
these findings, revealing rapid and “violent” temperature shifts at the end of
the Younger Dryas.

The more climate scientists learned, the clearer it became that the
climate could change faster than anyone had thought possible. Changes
believed to take millennia in the 1970s were found to take only centuries
in the 1980s, and decades in the 1990s. Then one day in midsummer 1992,
Richard Alley and other climatologists working on the Greenland glacier
were thunderstruck by the data they uncovered. They were analyzing part of
an ice core that had formed at the end of the Younger Dryas when they found
a clear and visible change in the ice. That change, consisting of only three
layers of ice, showed that the climate had shifted dramatically in only three
years. These results indicated “a twofold change in three years, with most of
that change in one year, and with a ‘flicker’ when the climate bounced up and
down. ... [T]he change was fast—not over a century, not even over a human
generation, but maybe over a congressional term [two years] or less.”18

These sobering results were supported by sediment core studies done
that same year in the Norwegian Sea. In the years following, analyses of sedi-
ments from California to the Arabian Sea confirmed that an extreme, global
climate shift had occurred in only three years at the end of the Younger
Dryas. Clearly, the global climate can change abruptly and dramatically.

Abrupt climate change can be compared to a person leaning over in a
canoe. As the person leans to the left one inch at a time, the canoe adjusts
and remains stable. If the canoe were a linear system, the person could lean
left inch by inch until his or her left ear was touching the water and the canoe
rested stably on its side. But neither the canoe nor the climate is a linear
system. As nonlinear systems, they do not remain stable throughout incre-
mental changes. The person in the canoe can lean left just so many inches
before the entire “canoe system” reaches a literal “tipping point,” becomes
unstable, and finds a new equilibrium—with the canoeist dumped overboard
beside the capsized canoe.

The climate works the same way. Up to a point, the climate seems to
adjust to incremental changes and remains stable. But as these incremental
changes add up, at some crucial point, the changes abruptly tip the climate
into a new type of equilibrium, or new climate regime.

The rapid changes discovered in the ice core described above are not about
to happen now: They were among the midterm climate events mentioned

25



GLOBAL WARMING

earlier and occur during the transitional period at the end of an ice age. They
are important because they show how quickly the global climate can flip into a
completely new regime. A climate historian describes the innate instability of
Earth’s climate and compares it to the human experience: “The entire rise of
human civilization since the end of the Younger Dryas ha[s] taken place during
a period of warm, stable climate that [is] unique in the long record. The climate
known to history seem([s] to be a lucky anomaly.”?

THE OCEAN AND ABRUPT CLIMATE CHANGE

As late as the 1970s, scientists bemoaned the fact that we knew more about
the surface of the Moon than we did about our own planet’s oceans. Through
the first half of the 20th century, most ocean research focused on either
navigation and shipping (surface currents) or fisheries. The general feeling
was that the ocean was too complex to be studied thoroughly and analytically
and, further, that ocean processes were so drawn out—taking many hundreds
of years—that they lacked relevance to human enterprise. They certainly dis-
couraged scientific inquiry. Analyzing the ocean’s effect on climate would be,
scientists thought, like a meteorologist waiting an entire lifetime for a single
cold front to pass by and then having to predict the weather from that one
event. What was the point?

The cold war (again) proved to be the impetus oceanographic research
needed. Atmospheric testing of nuclear bombs spewed radioactive material
into the air and the oceans. Spurred by popular anxiety about radioactive fall-
out, governments began tracking the released radioactive material as it was
carried around the world by ocean currents. Tracing the radioactive material
initially indicated that ocean water moves from Antarctica north across the
surface of the Atlantic Ocean, then sinks to the depths in the North Atlantic
before wending its way south again, and eventually flowing into the mid-
Pacific. (Scientists continue to unravel the complexities of ocean circula-
tion, sometimes in unorthodox ways. In 1992, shipping containers holding
29,000 rubber duckies and other buoyant bathtub toys spilled into the Pacific
Ocean. Plotting the site where each toy was found washed ashore has greatly
expanded oceanographers’ understanding of surface ocean currents.) Based
on the radioactive tracers, scientists’ preliminary calculations showed that a
complete ocean circulation cycle—the ocean’s turnover rate—takes at least
1,000 years. Since Revelle established that only a fraction of absorbed CO,
enters the deepwater circulation, climate scientists began to seriously ques-
tion if the timescale of ocean circulation would permit deep-ocean absorp-
tion of sufficient quantities of CO, at the rate humans were producing it.

Several deep-sea drilling projects greatly expanded the data derived
from ocean sediments. Studies of ancient, fossilized shells suggested that the
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North Atlantic Ocean circulation had changed drastically at the time of the
Younger Dryas. Studies of microfossils on the seafloor supported the finding:
A dramatic alteration of ocean circulation had occurred during the last glacial
period when the “deep waters of the North Atlantic had apparently grown
cold and still.”?° Termination of the North Atlantic circulation had affected
all the world’s oceans and Earth’s climate. Both ice and sediment cores show a
correlation between this cold event, and the later warm-up, with atmospheric
concentrations of CO,. Increasingly, scientists began to wonder if there was a
connection: Could CO, be a push that changes the pattern of ocean circulation
in response to changes in the Milankovitch cycle? Could atmospheric warming
due to increasing concentrations of CO affect ocean circulation?

The North Atlantic Deep Water Circulation

Wallace Broecker is sometimes regarded as the Renaissance man of climatol-
ogy. His obsession with unraveling the secrets of abrupt climate change has
led him to study ocean biochemistry, marine plankton, coral cores, ocean
sediment cores, lake sediment cores, ice cores, fossil pollen, and any other
proxy he could get his hands on that might help him untangle this slippery
problem. Broecker synthesized all the data then available, and, in a landmark
1985 paper, he and colleagues at LDEO revealed that the pattern of ocean
circulation was akin to a vast “conveyor belt,” an illustrative simplification of
the complex patterns of ocean currents that span the world. The researchers
showed that the enormous current of water (of which the Gulf Stream is a
part) flowing northward in the Atlantic carries a stupendous amount of heat
to northwestern Europe and that therefore a shutdown of the North Atlantic
conveyor belt would affect the global climate. Since the entire conveyor belt
system takes 1,000 years to complete a cycle, such a collapse would have dire
long-term effects on the climate.

Broecker and others showed why the North Atlantic Ocean—in particu-
lar, the North Atlantic Deep Water (NADW) circulation—is the Achilles’
heel of the global climate. As the immense Atlantic current sweeps north-
ward from Antarctica, its salinity (salt content) increases. By the time the
current reaches the North Atlantic, it is saltier (but only by about 7 percent)
and a lot colder (under the influence of the Arctic). The colder, saltier water
is denser—or heavier—than surrounding waters, so it sinks to the ocean bot-
tom, where it pushes unimaginably huge amounts of water (about 19 billion
liters/sec [5 billion gal./sec]) south toward the equator.?! In this way, the
NADW is the driver, or engine, behind the global oceanic conveyor belt, also
called the thermohaline circulation (THC) (thermo = heat; haline = salt), or
the meridional overturning circulation (MOC), a recent coinage that reflects
the complex dynamics of ocean circulation.
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If something happens to dilute the NADW —to reduce its salinity—or to
raise the temperature of the water at the site where the NADW engine keeps
the machinery of ocean circulation going, the NADW, and global ocean cir-
culation, can collapse. Some scientists believe that it has happened before.

About 20,000 years ago, the world was in an ice age. Over thousands of
years, the climate started to warm and the mile-thick ice sheets that covered
most of North America began to melt. Some meltwater escaped by creat-
ing the Mississippi, Susquehanna, and Hudson Rivers. But a stupendous
amount of water was dammed up behind accumulated blocks of ice at the
mouth of today’s St. Lawrence River, creating a lake that covered more than
225,300 square kilometers (140,000 mi.2). Inevitably, the ice dam broke, and
a superflood of truly biblical proportions swept into the North Atlantic. The
flood of freshwater rapidly reduced the salinity, and thus the density, of the
ocean water in the NADW’s engine room. The THC collapsed. Heat was no
longer carried northward by the Gulf Stream, and the world was plunged
into another ice age—the Younger Dryas. A similar outflow of freshwater
occurred as the world was thawing out of the Younger Dryas ice age (about
8,200 years ago): This time, the ice-dammed floodwaters and a huge flotilla
of icebergs surged out of Hudson Bay—and another, though less severe and
prolonged, ice age occurred. These cataclysmic changes are among the mid-
term climate cycles discussed above.

These revelations regarding the abruptness with which a catastrophic,
though perfectly normal, event could shut down global ocean currents and
alter the world’s climate really began to worry climate scientists. Richard
Alley compared the global climate to a drunk: “When left alone, it sits; when
forced to move, it staggers.”?> When the floods overpowered the NADW, the
stagger set the climate reeling. Climate research has been providing increas-
ingly convincing evidence that anthropogenic CO, emissions might act as a
similar knockout punch for the oceans and climate. The reason for this has
to do with what are called climate feedbacks.

FEEDBACKS AND OTHER EFFECTS

Shipwrecked people bobbing in a lifeboat on the open ocean must remember
one crucial lesson: No matter how thirsty you get, don’t drink seawater. Sea-
water is salty and will kill you. But the people are desperate, so they drink the
seawater. The salt makes them even thirstier. So they drink more seawater,
get more unbearably thirsty, drink even more seawater—and then they die.
Seawater’s effect on the body is an example of a positive feedback, a situation
in which one action sets in motion ongoing and self-perpetuating reactions,
like a loop that goes round and round and gets bigger and bigger as it feeds
on itself.
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There are negative feedbacks, too. For example, when people exercise,
their body heat rises, which makes them sweat. As sweat evaporates from the
skin, the body cools off. When the body has regained its normal internal tem-
perature, it stops sweating. A negative feedback, then, is a response intended
to stabilize a system after some type of change.

Earth’s climate system contains myriad extremely complex feedbacks,
both positive and negative. In general, negative climate feedbacks are long-
term stabilizers of the climate. Positive feedbacks occur in much shorter
time frames and tend to cause more abrupt and dramatic climate changes.
Present-day global warming is setting in motion quite a few positive feed-
backs that are changing the climate. One of the most worrying involves
changes in the THC.

Increasing concentrations of CO, and other GHGs are warming both
the atmosphere and the ocean’s surface. Warmer air leads to higher rates of
evaporation, which adds increasing concentrations of water vapor to the atmo-
sphere. The temperature-water vapor feedback is perhaps the most important
feedback in climate change. Water vapor is a very powerful GHG, so the addi-
tional water vapor warms the atmosphere, which increases evaporation, which
adds even more water vapor to the air, and so on in a classic feedback cycle.

Water vapor also rises to form clouds, which eventually unload their
accumulated water as rain. Rain is freshwater. Scientists have documented
that increasing precipitation over the NADW is reducing the salinity of—or
freshening—the deepwater current that drives the THC. As the climate
warms, increased precipitation reduces the salinity—and therefore the den-
sity—of the NADW. The lower the density of the NADW, the weaker the
deepwater current becomes. This positive feedback is weakening the engine
that drives ocean circulation.

Global warming is also reducing the extent of Arctic sea ice. As the ice
melts, its freshwater flows south into the North Atlantic, further freshening
and weakening the NADW that drives ocean circulation. By 2005, more than
101 million hectares (250 million ac) of permanent (year-round) Arctic sea
ice had melted.?3

Another aspect of ice-melt feedback is being observed with increas-
ing alarm in Greenland. The warming climate is causing the Greenland ice
sheet to lose enormous quantities of freshwater, which are pouring into
and diluting the crucial engine in the North Atlantic. As reported in 2006
by climatologists from the University of Colorado, Boulder, Greenland lost
237 cubic kilometers (57 mi.3) of ice annually between 2002 and 2005; this
loss increased to 342 cubic kilometers (82 mi.3) annually by 2006. Overall,
Greenland is losing far more ice mass to melting than it gains via snowfall
each year.2*
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Generally, scientists are uncertain about the effect the freshening of the
NADW will have on the THC and global climate. Though the NADW has
weakened, scientists question if current degrees of freshening will have suf-
ficient impact to cause another Younger Dryas-like ice age. Extensive melting
of the Greenland ice sheet is the event most likely to cause a THC collapse.
However, sea ice extent and the many other arcane factors that affect the
NADW, and thus the THC, are extremely complex, and exactly how they will
play out is still not clear.

Ice, or lack thereof, generates another positive feedback cycle. Ice has
a high albedo, so it reflects solar radiation away from the planet, cooling
it. That is why the Arctic is often called the “air conditioner” of the global
climate. As the climate warms, ice melts and the regional extent of ice cover
dwindles. Water has a low albedo; it absorbs solar radiation and heat. As the
extent of north polar ice decreases, less heat is reflected away from the planet,
and more heat-absorbing water is exposed. As more heat is absorbed, more
ice melts. It is a vicious cycle in which loss of ice cover exposes more water,
which causes more heat absorption, which hastens even greater loss of ice,
and so on. This positive feedback cycle is one reason why the north polar
regions are warming far faster and more dramatically than other regions of
the planet.

The Arctic is the site of yet another positive feedback that may also have
dire consequences for the global climate. A huge swath of subpolar regions
(about 2.25 billion hectares [~5.5 billion acres]) is permafrost, or land that is
permanently frozen. In much of Siberia, the permafrost extends about a mile
beneath the surface; in other parts of the Arctic, such as Alaska, its depth
varies from a few hundred to several thousand feet.

Because of global warming, permafrost throughout the Arctic is melting.
Visitors to these northern regions are now confronted by forests of “drunken”
trees that are listing precariously as the once-frozen ground beneath them
thaws. However, “inebriated” trees are the least of the problems associated
with melting permafrost. Scientists estimate that there are at least 500 billion
tons of methane stored within the permafrost. As the permafrost thaws, the
methane (a GHG 21 times more potent than CQO,) is released to the atmo-
sphere where it accelerates climate warming, which intensifies permafrost
thawing, which releases more methane, and so on. In some places, methane
emissions from thawing permafrost have increased 60 percent in recent
decades. Scientists predict that, if all the stored methane in permafrost were
to enter the atmosphere, there would be a huge spike in global temperatures.
As one expert remarked, “I think it’s just a time bomb, waiting for . . . warmer
conditions.”?
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There are numerous other effects that a warming climate will likely have
on Earth and its people, though not all involve feedbacks. Some of these have
been well documented and widely reported. These include:

+ Disappearance of mountain glaciers whose spring meltwaters maintain
rivers on which people and ecosystems depend for survival. Some of the
largest and most important rivers in the world are fed by glacial meltwa-
ter. If these glaciers melt completely, their associated river systems would
dry up. There is incontrovertible evidence that because of global warm-
ing, mountain glaciers are retreating everywhere in the world. The loss
of these glaciers and the rivers they sustain would have truly catastrophic
consequences.

+ Rising sea levels from thermal expansion of ocean water and melting ice
will add to the oceans’ volume, resulting in the inundation of most of the
world’s major coasts and port cities.

« Alterations in precipitation patterns that may affect agriculture, the
availability of drinking water, and desertification. One serious concern
is the potential desiccation and disappearance of the Amazon rain for-
est due to drought. Some climate models predict that the destruction
of the Amazon rain forest might affect precipitation patterns in the
Western Hemisphere, if not beyond. Destruction of the Amazon would
also increase atmospheric CO, concentrations due to the loss of a vital
carbon sink and reduced CO, uptake via photosynthesis. Reduced
photosynthesis could also conceivably lower the oxygen content of the
atmosphere.

+ Persistent ENSO conditions in the tropical Pacific induced by global
warming, which would change global patterns of rainfall and drought.

+ Melting of the frozen methane beneath the seafloor would release
unimaginable quantities of this GHG into the atmosphere, causing a
huge, long-lasting spike in global temperatures. Scientists have docu-
mented a slight rise in the temperature of deep-ocean waters. Though
many scientists believe it is unlikely, they admit that it is possible that
if global warming continues unabated, the deep ocean might warm
sufficiently to thaw out and release the frozen methane beneath the
sea.

+ Possible collapse of the NADW if most or all of the Greenland glacier
melts. The fresh meltwater would flow into the North Atlantic and
could conceivably lead to a severe weakening or collapse of the THC. If
the Gulf Stream stops flowing, the world could enter another ice age.
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TIPPING POINTS

For the first time in 2005, scientists began using the term tipping point to
describe what might be happening to the global climate. A tipping point is a
threshold that, once crossed, there is no going back. It is a point of no return;
a point at which the climate has changed irreversibly and positive feedbacks
are self-sustaining. Scientists view a collapse of the Greenland and/or West
Antarctic ice sheets, the potential shutdown of the THC, loss of Arctic sea
ice, rising sea levels, and the release of methane held in permafrost as the
events that are most likely to send the global climate over the edge. A Rus-
sian researcher who watched as methane bubbled out of once-frozen tundra
described it as an “ecological landslide that is probably irreversible and is
undoubtedly connected to climatic warming.”2°

Record ice melt in the Arctic in September 2007 (the height of melt
season) has climatologists concerned that we may be nearing a tipping point
sooner than expected. For the first time in history, the fabled Northwest Pas-
sage linking the Atlantic and Pacific Oceans opened due to unprecedented
loss of sea ice. Historically, this polar sea route has been perpetually ice-
bound. The Arctic’s sea ice extent shrank to 4.13 million square kilometers
(1.6 million mi.2) in 2007, more than 20 percent below its previous all-time
low in 2005. Both James Hansen of NASA (National Aeronautics and Space
Administration) and climatologists at Germany’s Potsdam Institute for Cli-
mate Impact Research stated that the Arctic has already hit or is very near a
tipping point that will irreversibly change the global climate.?”

Global Response

The first intimations that something was awry in Earth’s climate originated
with scientists at the IGY conference in 1957-58. Those early researchers
were among the first to study and collect data to document what came to be
known as global warming.

In 1967, climate scientists formed the Global Atmospheric Research
Program (GARP), which sponsored some climate research and symposia. In
1971, GARP held the Stockholm Study of Man’s Impact on Climate confer-
ence, one of the first venues where the risks of global warming were openly
addressed and reported.

A turning point was reached at a global climate conference held in
Villach, Austria, in 1985. Scientists at this meeting reached consensus on
global warming and issued a public statement of their concern: “. .. in the
first half of the next century a rise of global mean temperature could occur
which is greater than any in man’s history.... While some warming of
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climate now appears inevitable due to past actions, the rate and degree of
future warming could be profoundly affected by governmental policies.”?8
This was unprecedented—a scientific community not only reached unani-
mous agreement on the reality of climate change, its members actively
demanded that governments take action to curb it. In 1987, most nations
adopted the Montreal Protocol to phase out the manufacture and use of
CFCs. This success in Montreal would, it was hoped, serve as a model for
future climate treaties.

In 1988, when the worst heat wave and drought since the 1930s Dust
Bowl hit the United States, the public began to take notice. The weather
became the “hottest” story covered by the press, and suddenly global warm-
ing was on the lips of citizens and their government representatives alike.
Though a one-year drought and heat wave cannot be attributed to climate
change, for the first time, the state of the climate became a political issue.
Conservatives, climate skeptics, and business interests began to worry that
global warming would become the sole province of an elite international
group of climate scientists over whom they had no control.

To prevent this, U.S. politicians urged the formation of an entirely new
entity, under the auspices of the UN. The new agency—the Intergovernmen-
tal Panel on Climate Change (IPCC), created in 1988—would be composed
of government representatives from national laboratories and scientific
agencies, as well as the scientists who worked at them. This unique hybrid
organization would periodically gather climate research data from scientists
the world over. It would then meet to reach consensus before issuing reports
on the state of the global climate.

The first IPCC report was issued in 1990. It concluded that the global
climate was, indeed, warming and that the enhanced greenhouse effect
would likely raise globally averaged temperatures several degrees by 2050.
The second IPCC report was published in 1995. By this time, the evidence
for human-induced climate change was more compelling, so government
representatives put up stiffer resistance to making the scientific findings
public. After intense negotiations, consensus was reached. The most quoted
statement in the final report reads: “The balance of evidence suggests that
there is a discernible human influence on global climate.”?® This rather tepid
statement reflects the sometimes acrimonious negotiations that led to its
formation. Yet it still conveys the unmistakable message that human emis-
sions of GHGs are changing the climate. Science magazine gave the report its
imprimatur with the simple announcement, “It’s official.”30

The 1995 report stated that emissions of GHGs would raise global tem-
perature between 1.5° and 4.5°C (2.7°-8.1°F) sometime around 2050. The
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landmark report made headline news around the world. The IPCC’s conclu-
sions impelled the international community to convene to try to figure out
how to address this urgent problem. The groundwork had been laid at the
1992 Earth Summit in Rio de Janeiro, where 150 nations had signed on to the
United Nations Framework Convention on Climate Change (UNFCCC). The
goal of the framework was the “stabilization of greenhouse gas concentra-
tions in the atmosphere at a level that would prevent dangerous anthropo-
genic interference with the climate system.”3!

The third meeting of the parties to the Convention was convened in
Kyoto, Japan, in 1997. Despite heated debate, the outcome of this meeting
was a document that committed all Annex I (industrialized nation) mem-
bers to GHG reductions of 6-10 percent below 1990 levels by 2012. This
document is known as the Kyoto Protocol. The Kyoto Protocol would go into
effect only when nations that were collectively responsible for 55 percent of
the world’s GHG emissions ratified it. Since 1997, all European nations and
many other industrialized and nonindustrialized nations have ratified the
Kyoto Protocol, but the United States—which emits 25 percent of the world’s
GHGs—has refused to ratify it. It was not until 2004, when Russia ratified it,
that the Kyoto Protocol entered into force.

In 2001, the IPCC issued its third assessment of the global climate. This
report stated unequivocally that global warming was underway and would
get worse as the effects of past, current, and future GHG emissions kicked
in. The report concluded that it was likely (66—90 percent certain) that the
unprecedented rate of observed warming was due to anthropogenic emis-
sions of GHGs.

PRESENT AND FUTURE CLIMATE CHANGE

The following section provides an overview of current climate change sci-
ence. It is largely based on the latest 2007 IPCC Assessment Report (AR4),
though it also contains other current and pertinent research. The AR4 is the
most comprehensive report to date on the state of the global climate. The
AR4 data reveal a dangerously warming world, but one that can still be saved
from future climatic catastrophe by swift and decisive action.

Computer Models: Power in Numbers

Fear not—no attempt will be made to explain the mathematical complexi-
ties of computer climate models here. However, it is important to know a
bit about these models in order to understand why they are considered so
reliable.

34



Introduction

The earliest climate models were crude approximations of the climate,
omitting key factors if they were poorly understood. For example, early
models omitted ocean processes (a very serious limitation). Today’s climate
models not only include ocean processes, they incorporate highly variable
factors such as cloud cover, water vapor, the carbon cycle, aerosols, ice cover,
and complex feedbacks throughout the climate system (though some knotty
problems, such as vegetation’s effect on climate, are still being researched).
They analyze climatic factors on ever-smaller scales, giving them a far more
accurate cumulative picture of the world climate.

AR4 coordinates and incorporates data from 18 supercomputer climate
models from around the world. By comparing the results from each com-
puter simulation, IPCC scientists can predict climate change with various
levels of confidence based on the consensus among models. The number of
computer models used to derive data for AR4 is unprecedented and provides
the most realistic and reliable analysis yet made of the global climate.

Climate models analyze outcomes for various scenarios, or conditions.
For example, a BAU model predicts the climatic response if GHG emissions
rates continue unabated. Other scenarios predict what will happen for vari-
ous degrees of mitigation, such as different reductions in GHGs (20 percent,
50 percent, or 80 percent by 2050, for example). Worst-case scenarios predict
the climatic consequences of accelerating rates of GHG emissions if devel-
oped countries ignore mitigation and developing countries increase their fos-
sil fuel use as they develop economically.

RADIATIVE FORCING
One way climate models analyze the global climate is by measuring the radia-
tive forcing (RF), or simply “forcing,” of all the factors affecting the climate.
The term forcing refers to something that pushes the climate away from its
normal state. So radiative forcing is a fancy way of describing whether some-
thing warms or cools the climate. For example, something that warms the
climate—a GHG—is said to have positive forcing. Something that cools the
planet—volcanic particles—has negative forcing.

A climate factor’s RF is calculated as its temperature effect, measured in
watts, on one square meter of Earth’s surface, written as Wm= (or W/m?2).
Using this measure, scientists can calculate the RF of every GHG and many
other climatic factors. For the first time in AR4, the RF for all anthropogenic
climate inputs has been calculated. Knowing the RF for each climate factor
gives scientists, and a knowledgeable public, the power to describe precisely
the degree of each source’s forcing. Anyone who knows a climate factor’s
forcing can use the numbers to explain why, for instance, increased solar
radiation cannot be the cause of global warming.
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Confidence and Likelihood Terminology Used
in the 2007 IPCC Assessment Report (AR4)

DEGREE OF LIKELIHOOD
CONFIDENCE OF THE
CONFIDENCE IN BEING LIKELIHOOD OCCURRENCE
TERMINOLOGY A CORRECT TERMINOLOGY OR OUTCOME
Very high Atleast9outof | Virtually certain > 99% probability
confidence 10 chance
High confidence About 8 out of Extremely likely > 95% probability
10 chance
Medium confidence | About 5 out of Very likely > 90% probability
10 chance
Likely > 66% probability
More likely > 50% probability
than not
About as likely 33%-66% probability
as not
Unlikely < 33% probability
Very unlikely < 10% probability

Source: Solomon, S., et al. “Technical Summary.” In (limate Change 2007: The Physical Science Basis. Contribu-
tion of Working Group | to the Fourth Assessment Report of the IPCC. Cambridge: Cambridge University Press, 2007,
pp. 22-23.

The Atmosphere: Observed and Projected Changes

Emissions of CO,, the most important GHG, increased 80 percent between
1970 and 2004. Fossil fuel combustion has been putting about 27 gigatons
(Gt: billion tons) of CO, into the atmosphere annually. In 2007, despite iso-
lated efforts to reduce emissions, concentrations of atmospheric CO, grew
0.6 percent, or 19 billion tons; methane levels rose in 2007 for the first time
since 1998. Without mitigation, increased demand and economic develop-
ment are expected to raise emissions 57 percent from current levels to about
42 Gt by 2030.32

In the 8,000 years prior to industrialization, CO, concentrations had
risen by only 20 ppm. Today’s emissions have raised atmospheric CO, con-
centrations by more than 30 percent above preindustrial (ca. 1750) levels
of about 280 ppm to a February 2008 level of 386.6 ppm. Increased CO,
concentrations are responsible for a RF of +1.6 Wm2 It is very likely that the
rate of increase of emissions of long-lived GHGs (LLGHGS) and their total
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forcing is unprecedented in more than the last 10,000 years.33 A 2008 study
revealed that CO, emissions were increasing 35 percent faster than previ-
ously thought. About half of that increase was attributed to growing ineffi-
ciency in fossil fuel combustion (e.g., U.S. cars and Chinese coal-fired power
plants); the other half results from the declining ability of natural carbon
sinks to absorb CO,.34

Eleven of the last 12 years (1995-2006) were the warmest years on
record (since 1850), with 1998 and 2005 the hottest on record. Globally aver-
aged temperatures have risen by 0.74°C (1.3°F), with greater warming occur-
ring over land (0.27°C/0.48°F per decade) than over the oceans (0.13°C/0.23°F
per decade). The rate of temperature rise in the last 50 years is double that in
the previous 100 years. Regional temperature increases since 1950 vary, rang-
ing from no change to 1.0°C (1.8°F). The temperature difference between day
and night, called the diurnal temperature range, has flattened out in recent
decades, with the greatest consequences for hot nighttime temperatures dur-
ing summer heat waves. Similarly, there has been a significant reduction in
the number of very cold days and nights and an increase in the number of
extremely hot days and nights, with a concomitant increase in the number
of warm extremes and far fewer cold extremes.3> In sum, there is very high
confidence that the net effect of human activities since 1750 has been one of
warming, and it is very likely that the increase in globally averaged tempera-
ture is due to anthropogenic emissions of GHGs.3¢

Global warming has affected air circulation patterns, producing a persis-
tent positive NAO/AO in the Northern Hemisphere and a similar pattern in
the Southern Hemisphere. The low pressure created by these air circulation
patterns has shifted extratropical, midlatitude storm tracks and jet streams
poleward. This poleward shift brings more hot, tropical air over a wider belt
of midlatitude regions.3” As a result, larger swaths of land north and south
of the equator will become hotter, and some (U.S. Southwest, Mexico, North
Africa) may see increasing and prolonged drought. Research published in
2007 revealed that the tropics are moving poleward at a faster rate than cli-
mate models predicted. Over the last 25 years, the tropics have expanded by
2.5 degrees to 4.8 degrees of latitude, or up to 500 kilometers (311 mi.); that
is 200 kilometers (124 mi.) per decade. Accelerating warming is expected to
hasten this tropical expansion.38

Precipitation patterns have been rather variable, depending on region,
though overall precipitation has increased, particularly over eastern North
and South America, northern Europe, and northern and central Asia. It is
likely that a significant amount of precipitation has fallen during heavy pre-
cipitation events, and these events occur more infrequently during longer dry
periods. More intense and likely more numerous North Atlantic hurricanes
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(and storms elsewhere) have also occurred due to rising SSTs. Notable reduc-
tions in precipitation are occurring over the Sahel, the Mediterranean region,
southern Africa, and parts of southern Asia. Globally, the area affected
by drought has likely increased since the 1970s. Droughts have also been
observed to be more intense and of longer duration, particularly in the trop-
ics and subtropics, since the 1970s.3?

Higher SSTs are leading to significant increases in atmospheric water
vapor. The positive temperature-water vapor feedback arises from GHG
heating of the planet’s surface, which increases evaporation, which adds
more water vapor to the air, which further warms the planet, and so on. Sev-
eral studies have revealed larger amounts of water vapor in both the upper
and lower troposphere. One study predicted a 20 percent increase in water
vapor in the lower troposphere by century’s end, with a 100 percent increase
in the upper troposphere.

Upper atmospheric water vapor was shown to have the greatest positive
feedback for accelerated global warming in the future.4 Public health profes-
sionals expressed concern that higher humidity near the surface will lead to a
significantly higher death toll during intense summer heat waves, especially
in cities. One study revealed that urban heat-related deaths could rise 95 per-
cent above current levels if sufficient air-conditioning is not available.#!

All global warming projections depend on what, if any, mitigating mea-
sures humankind takes to curb climate change by reducing GHG emissions.
Therefore, computer models project the climate into the future for an array
of different scenarios, each representing a different human response to the
crisis, from do nothing (BAU) to making immediate and drastic cuts in
GHG emissions. Thus, climate projections are given as a range of possible
outcomes, each of which depends on what people are willing and ready to
do to curb global warming. However, since the GHGs already emitted to
the atmosphere will stay there for quite some time and continue to trap
heat, the scientific consensus is that we can expect a minimum of 0.2°C
(0.36°F) warming per decade for the foreseeable future. Without immediate
and large-scale replacement of fossil fuels, GHG emissions are expected to
increase 25-90 percent by 2030, and it is very likely that coming changes in
the climate system will be greater than those seen during the 20th century.
Among the many computer models running the major climate scenarios,
the likely temperature increase relative to a 1980-99 baseline is between 1.8°
and 4.0°C (3.2° and 7.2°F) by 2090 to 2099. However, warming substantially
greater than 4.5°C (8.1°F) cannot be ruled out, especially under a BAU sce-
nario and if positive feedbacks kick in sooner and are more powerful than
computer models suggest.*? If the climate warms this much, the negative
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effects become so much worse that all bets are off in terms of accurately
predicting outcomes.

Land: Observed and Projected Changes

Land use changes have an important impact on climate change because,
normally, plants and soil are carbon sinks: they absorb CO, from the air.
The precise interactions between plants, soil, and the atmosphere are highly
complex and not fully understood, but observations and the most advanced
computer models have revealed a great deal about how the land affects
climate.

Plants remove CO, from the air during photosynthesis. In recent
decades, deforestation, especially in the tropics, has reduced this CO, uptake.
Thus, conversion of forest to crop- or pastureland reduces the flux, or move-
ment, of CO, out of the air and into vegetation. Scientists have calculated
that land use changes during the 1990s resulted in a net flux of CO, to the
atmosphere of about 1.6 Gt carbon per year.3 Data from the more recent and
extensive deforestation of the Amazon rain forest are not yet available, but
will certainly raise this figure considerably.

Studies have shown that though most plants initially flourish as atmo-
spheric CO, concentrations increase, when CO, levels rise above a certain
level (> 450 ppm), some plants not only do not absorb and use the additional
CO;, but actually begin to outgas it back into the air. In addition, at some
point too much CO, begins to retard plant growth. Data reveal that at 1°C
(1.8°F) of warming, net productivity (growth) of many plants decreases 1.3
percent, and the plants begin to outgas 6.2 percent more CO, than they
would under cooler conditions.**

Land use changes also affect albedo: leafy forested land has a higher
albedo than pasture or cropland. Thus, as forest is cleared for agriculture, the
land reflects less light and heat away from the planet’s surface and instead
absorbs more heat. In 1750, only 5-7 percent of the globe was under crop
cultivation; by 1990, 39 percent of the planet was cleared for agriculture, with
more than 11 million square kilometers (4.2 million mi.2) coming from forest
clearing.4®

Soils also play an important role in climate feedbacks. As soils warm,
microbial activity increases, with more rapid breakdown of organic matter
into carbon and methane, which are released in greater amounts into the
atmosphere. Higher temperatures may eventually change soils from net
carbon sinks to carbon emitters. As soils stop absorbing CO, and begin
outgassing it, global warming will intensify, which will further accelerate the
chemical processes in soil, which will add more GHGs to the air, and so on.
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Overall, “climate change alone will tend to suppress both land and ocean
carbon uptake, increasing the fraction of anthropogenic CO, emissions that
remain airborne and producing a positive feedback to climate change.”

Ice: Observed and Projected Changes

Ice loss is a worldwide phenomenon. Nearly everywhere ice is found, it is
melting due to global warming.

ANTARCTICA

Though the East Antarctic ice sheet seems to be fairly stable for now, West
Antarctica, including the Antarctic Peninsula, is losing increasing amounts
of ice. Average summer temperatures around the West Antarctic Ice Sheet
(WAIS) have risen about 2.5°C (4.5°F) in the last decade or so. The AR4
reports ice loss from this region of about 136-139 Gt/yr, and that loss rate
appears to be accelerating.*” It is very likely that ice melt from Antarctica has
contributed to the observed global rise in sea level between 1993 and 2003.
(The volume of the entire Antarctic ice sheet is equivalent to about 57 meters
[187 ft.] of sea level rise.)*®

More recent research paints a picture of a more rapidly deteriorating
WAIS. One NASA study measured ice flow along 85 percent of West Ant-
arctica’s coastline and documented a 20 percent increase in net ice loss to 196
Gt/yr in 2006. Melting of this amount of ice nearly doubled West Antarctica’s
contribution to sea level rise to 0.5 millimeters/yr (0.2 in.) in 2006. The study
revealed that Antarctic ice loss has increased 75 percent in the last decade
due to accelerated glacier flow.

Warmer SST melts and thins ice shelves that buttress the glaciers behind
them. Though some Antarctic melting arises from warmer air temperatures,
higher Southern Ocean SST, which has increased 1-2°C (1.8-3.6°F) in the
last 50 years (double the global average), has undermined ice shelves by melt-
ing them from below. In some cases, ice shelves have collapsed and inland
glaciers have rocketed toward the sea.*’

A worrying increase in melting was observed on the Ross Ice Shelf, which
acts as a major brake on inland glaciers.?® The Pine Island glacier, a mass of ice
the size of Texas, has increased its melting rate from 1 percent/yr in the 1990s
to 5 percent/yr in 2008. The glacier is retreating at a rate of 3.5 meters (11.5 ft.)
per year across its entire 30-kilometers-long (18.6-mi.) outer edge. Disintegra-
tion of this glacier could raise sea level by 25 centimeters (10 in.).!

A NASA analysis of 20 years of Antarctic ice data revealed that in 2005
the area of snowmelt on the WAIS, much of which lies below sea level, had
moved at least 805 kilometers (500 mi.) inland from the ice sheet margins
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along the coast. Ice melt was also noted for the first time at an altitude of 1.9
kilometers (1.2 mi.) above sea level in the Transantarctic Mountains.>2

Increasing air and ocean temperatures will further undermine the
WALIS, and a total collapse would raise sea levels by about five—six meters
(16.5-19.7 ft.). Ongoing warming, however, is predicted to increase Antarcti-
ca’s contribution to sea level rise by 0.7-0.9 millimeters/year (0.3—0.4 in./yr.)
for the foreseeable future.>® Scientists are closely watching outflow of ice
streams and the development and spread of melt ponds on the WAIS. Melt
ponds are small lakes of melted ice on the surface of an ice sheet or glacier. If
melt ponding spreads across the ice sheet, it could lead to an event similar to
the rapid disintegration and collapse of the Larsen B Ice Shelf, a mass of ice
the size of Rhode Island. In a 2008 study, scientists determined the long-term
behavior of WAIS glaciers and revealed that they are thinning at an acceler-
ating rate. Pine Island glacier thinned about four centimeters a year (1.6 in.)
during the past 14,500 years; since the 1990s, it’s been thinning at 1.6 meters
(5.2 ft.) annually.>*

AR4 projections include substantially accelerated ice discharge from
West Antarctica and potential collapse or weakening of ice shelves due to
surface melting and/or basal thinning, especially at SST increases of 1°C
(1.8°F) or more. Surface temperature warming of 5°C (9°F) could cause
breakup of the WAIS.>®

THE ARCTIC

Melting of Arctic sea ice will not affect sea levels because the ice forms on
water (in the same way that ice cubes melting in a glass of water do not raise
the water’s level). The AR4 predicted a possible large-scale loss of summer
Arctic sea ice by 2030-2050. The report cited reductions in annual mean
Arctic sea ice of about 2.7 percent per decade and a decline in Arctic summer
ice cover of about 7.4 percent annually.”® The report predicted that summer
sea ice in the Arctic would disappear completely by 2100.57 By the time the
IPCC report was published, however, new research showed that its predic-
tions were far too conservative.

In September 2007, the extent of Arctic sea ice had dwindled to a record
low of 4.13 million square kilometers (1.50 million mi.2), more than 2.6 mil-
lion square kilometers (1 million mi.2) lower than the previous record (2005).
At the current rate of summer melting (about 8 percent/yr), the Arctic is
expected to be ice free in summer by 2013. Scientists say that “In the end, it
will just melt away quite suddenly.”>8

The dramatic acceleration of sea ice loss was attributed to several factors,
most importantly record high SST. Once sea ice begins melting, a positive
feedback cycle is set in motion, with less sunlight reflected away from the
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surface by the dwindling ice and more heat absorbed by the exposed water,
which has a far lower albedo. Heat absorption by the greater expanse of Arc-
tic water raised SST in 2007 to 5°C (9°F) above normal—a high never before
observed. Air temperatures were 3.5°C (6.3°F) above normal and 1.5°C (2.7°F)
above the previous record.>®

Record-breaking ice loss was not limited to the summer melt season,
however, as declines in Arctic sea ice extent set records for March 2007 as
well. March is the month that usually sees the greatest extent of winter sea
ice; in March 2007, the rate of sea ice decline was three times the previously
predicted rate of 1.8 percent per decade.®®

Warming of the Arctic Ocean is also thinning sea ice. German research-
ers found that in 2007, vast stretches of Arctic sea ice were only one meter
(3 ft.) thick, a thinning of 50 percent since 2001. The warmer water on which
the sea ice floats is melting and thinning it from below. To make matters
worse, scientists at the University of Colorado, Boulder, found that “there
has been a nearly complete loss of the oldest, thickest ice and that 58 percent
of the remaining perennial ice is thin and only 2 to 3 years old.” Twenty
years ago, only 35 percent of the ice was that young; today, only 5 percent of
multiyear ice is seven years old, down from 21 percent in 1988. The finding is
significant because younger sea ice is more vulnerable to rapid melting.6!

Another problem plaguing the Arctic comes from what is called black car-
bon (BC), soot that comes from fossil fuel burning, forest fires, and industrial
emissions. Air currents carry BC to the poles, where it falls on ice and signifi-
cantly reduces its albedo. This reduces the ability of the ice to reflect light and
heat away from the planet, exacerbating global warming. The BC also absorbs
more of the heat that hits the soot-covered ice, warming it and accelerating
melting. BC may also compromise regrowth of winter Arctic ice.

Many scientists are coming to the conclusion that the Arctic has reached or
actually passed a tipping point and that drastic alterations of its climate are now
irreversible. Many experts cannot see any way to prevent the disappearance of
Arctic species, such as the polar bear, walrus, and seals, once the ecosystem is
irremediably altered. Since the Arctic is the “air conditioner” of the global cli-
mate, it is feared that lack of sea ice and unstoppable warming of Arctic waters
will create dangerously hot NH climate conditions, especially in summer.

PERMAFROST
Permafrost is permanently frozen ground, most of which rims the Arctic.
AR4 data from 2005 show that permafrost temperatures in northern Alaska
increased 2°-3°C (3.6°-5.4°F) since the 1980s. Warmer air temperature alone
cannot account for this increase, so scientists have determined that signifi-
cantly reduced insulating snow cover is partly responsible for the warming.
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In the 1990s, northern Canadian permafrost warmed at a rate of 0.4°C/yr
(0.72°F/yr) to a depth of 20-30 meters (66—98 ft.). Permafrost in the Rus-
sian Arctic has experienced a temperature rise of 1°C (1.8°F) to depths of
3.2 meters (10.5 ft.) in eastern Siberia and as much as 2.8°C (5°F) in western
Siberia. Permafrost on the Tibetan Plateau has warmed about 0.5°C (0.9°F)
to depths of 20 meters (66 ft.). Northeastern China saw some of the great-
est increases of 1.5°C-2.1°C (2.7°-3.8°F) at depths of two-three meters
(6.6—10 ft.) by the late 1990s.52

Thawing is shrinking the extent of permafrost. By 2002, the area covered
by permafrost on the Tibetan Plateau had retreated upward by 25 meters (82
ft.) since the 1970s, with a 36 percent overall loss of permafrost in this region.
In Alaska and Siberia, subsidence due to thawing permafrost is occurring at
a rate of 17-24 centimeters/year (7-9 in.), and meltwater lakes are becoming
more numerous, with an increase in area of 12 percent in Siberia since the
1970s.93

Permafrost’s active layer is the part of the soil above the permafrost that
thaws and freezes seasonally. Warming air temperatures have deepened the
active layer in many permafrost regions by 21 centimeters (8 in.) since the
1970s.54

Thawing permafrost could exacerbate global warming as its trapped
methane is released into the atmosphere. One 2007 study of ancient (40,000-
year-old) methane released by thaw lakes (lakes formed by permafrost ice
that has melted and whose water has accumulated on the surface) in Siberia
showed that previous studies underestimated by as much as 63 percent the
amount of methane in permafrost that could be released into the air. Lakes
formed by thawing permafrost are the principal source of methane bubbling
(ebullition) into the atmosphere. During the study period, 1974—2000, it was
found that ebullition from these Siberian lakes increased 58 percent.%®

Another study revealed that the more than 1 million square kilometers
(more than 386,000 mi.2) of loess permafrost in Alaska and Siberia contain
about 500 Gt of methane extending to depths of up to 40 meters (131 ft.).¢
If released into the atmosphere through thawing, this vast amount of meth-
ane would have devastating effects on global warming, as it is equivalent to
75 times the world’s total fossil fuel emissions.®” Paleoclimate studies have
shown that, based on ancient levels of permafrost thawing and gas emission,
about 10 times the amount of methane that is currently in Earth’s atmo-
sphere could be emitted by thaw lakes in the future.

Researchers from the National Center for Atmospheric Research (NCAR)
used the most advanced computer models to predict that the top three meters
(10 ft.) of NH permafrost could be decimated in the next few decades. The
scientists found that 50 percent of this upper layer of permafrost could be
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gone by 2050, and 90 percent could thaw by 2100. The study looked at which
permafrost regions would remain frozen at depths below 3.4 meters (11.2
ft.) for different mitigation scenarios. The scientists found that for a high-
emissions BAU scenario, permafrost regions could dwindle from 10 million
square kilometers (4 million mi.2) to just 2.6 million square kilometers (1 mil-
lion mi.2) by 2050 and shrink to 1 million square kilometers (400,000 mi.2) by
2100. For an aggressive mitigation low-emissions scenario, permafrost regions
could be reduced to 3.9 million square kilometers (1.5 million mi.2) by 2100.
The researchers point out that not only would the areas of thawed permafrost
increase atmospheric concentrations of methane, they might also release sig-
nificant amounts of fresh meltwater into the Arctic Ocean, possibly reducing
the salinity of the NADW %9

GLACIERS

Glaciers and ice caps are ice masses that occur on land and are smaller than
ice sheets. Mass balance (MB) describes the amount of ice a glacier contains.
MB is calculated by comparing the amount of ice added to the glacier via
snowfall and the amount lost from the glacier via melting and outflow. Until
about 1970, the MB of most of the world’s glaciers was about zero; that is,
the amount of ice added was about equal to the amount lost through melting.
The 1970 figures underline the role of global warming in the worldwide MB
declines since then. MB losses arise from both surface mass loss and greater
ice discharge to the sea from more rapidly moving ice. Since the 1990s, the
greatest glacier MB loss has been observed in Patagonia (South America), the
northwestern United States, Alaska, and Canada. Recent global MB for all
glaciers (including those around ice sheets) shows an ice loss of about 230 Gt/
yr, resulting in a sea level rise of about 0.63 millimeters/year (0.02 in./yr.).”0

Higher air temperatures and other factors cause more rapid basal sliding:
Meltwater forms at the base of the glacier and acts as a lubricant that acceler-
ates the glacier’s downward slide. Warmer air is also shrinking glaciers dra-
matically. Glacial retreat is measured by the disappearance or retreat upward
of a glacier’s tongue, the leading or outward edge of the glacier. On average
since 1900, North American glacier tongues have retreated more than 1,700
meters (5,577 ft.); South American glacier length has been reduced by about
1,000 meters (3,281 ft.); and Asian glacier tongues retreated more than 1,200
meters (3,937 ft.) up into the mountains.”!

Even under the most optimistic scenarios, warming temperatures are
expected to melt many continental glaciers completely in this century.
Experts predict that glaciers and ice caps will lose up to 0.5 meters (1.6 ft.) of
ice per year for each 1°C (1.8°F) of climate warming.”> Today, about 60 per-
cent of the ice melt that contributes to sea level rise comes from glaciers and
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small ice caps, and this contribution is expected to increase as temperatures
rise and glacial melting accelerates. In 2006, meltwater from small glaciers
and ice caps contributed about 1.1 millimeters (0.04 in.) to sea level rise; by
2050 that contribution will increase to 81 millimeters (3.1 in.) and to 240
millimeters (9.4 in.) by 2100.73

Many of the world’s rivers are fed by glacial meltwater or mountain snow-
pack, also in steep decline. As glaciers shrink, at some point they will lack suf-
ficient water to feed the rivers they create and sustain. Thus, many of these
rivers will dry up or run only when filled by rainwater. Some of the world’s
largest and most vital rivers, in terms of the ecosystems and populations that
depend on them, are in danger of petering out as the glaciers at their head-
waters melt away. This is particularly true for glaciers on the Tibetan Plateau
and in the Himalayas, which feed the Ganges, Brahmaputra, and other Asian
rivers, and in the Andes, where glaciers help maintain the Amazon and other
South American rivers. For example, the Gangotri glacier, which supplies
more than 70 percent of water to the Ganges River, is shrinking at a rate of
36.6 meters/year (120 ft./yr.), twice the rate of two decades ago. Under a BAU
scenario, rising temperatures could cause all Himalayan glaciers that feed the
Ganges to disappear by 2030. This would have disastrous consequences for
the more than 500 million Indians who depend on water from the Ganges.”*
Experts predict that the loss of these major freshwater resources might well
create hundreds of millions of environmental refugees who can no longer
survive once vital rivers dry up or trigger intra- or international conflicts over
water resources.

GREENLAND

If the Greenland ice sheet’s 29 million cubic kilometers (6.96 million mi.3) of
ice melted completely, sea levels would rise at least 7.3 meters (24 ft.).”>

AR4 data do not report the dramatic changes observed in Greenland
since 2006. To that time, research revealed a total ice mass loss of about
129 Gt/yr. between 2002 and 2005. The velocity of outlet glaciers had also
increased substantially, from an ice flow discharge rate of about 51 Gt/yr. in
1996 to 150 Gt/yr. in 2005. Accelerated ice flow losses also expanded pole-
ward from 60 degrees N to 70 degrees N by 2005. The AR4 also describes
how basal meltwater lubricating the base of the ice sheet could increase the
“sliding velocity” of the ice as it moves toward the sea.”® Projected surface
MB change on the Greenland ice sheet was estimated at about 0.3 millime-
ters/year (0.01 in./yr.), lifting sea levels between 0.2 and 3.9 millimeters/year
(0.008-0.15 in.), depending on the mitigation scenario.””

Research conducted since 2006 has worsened the prognosis for Green-
land’s ice sheet and its response to and effects on global warming. Increasing

45



GLOBAL WARMING

GHG concentrations in the air have raised the surface temperature over
Greenland by 3.9°C (7°F) since 1991. The warming’s destructive effects on
the ice were most thoroughly documented in 2007, when the extent of melt
on the ice sheet exceeded the previous 2005 record by 10 percent. Research-
ers also found that melting is starting earlier in the year, lasting longer, and
decimating outlet glaciers at an alarming rate. The huge Jakebshavn glacier
in western Greenland is melting twice as fast as a decade ago, rushing toward
the sea at 12 kilometers (7.5 mi.) yearly, or 30—-40 meters (98—131 ft.) per day.
The melting of this one outlet glacier is typical of numerous others, nearly
all of which have increased their flow velocity by 50 percent in the past two
to three years.”8

The higher temperatures that are causing melting at the ice sheet’s sur-
face have also been found to cause melting far below, at the base. Advanced
satellite analysis, reported by NASA in 2008, showed that the entire glacier
is highly sensitive to even minor amounts of surface melting. For example,
in 2005 rapid subsurface melting started only 15 days after a small degree of
surface melting began. As one researcher explained, “This indicates that the
meltwater from the surface must be traveling down to the base of the ice
sheet—through over a mile of ice—very rapidly, where its presence allows
the ice at the base to slide forward, speeding the flow of outlet glaciers that
discharge icebergs and water into the surrounding ocean.””?

The flow of meltwater from the surface to the base of a glacier creates
a “moulin,” or river of water flowing downward through the ice to the base
of the glacier, where it lubricates the glacier-rock interface and significantly
accelerates flow velocity. In recent years, thousands of moulins have formed
all over the Greenland ice sheet, “like rivers 10 or 15 meters (33—49 ft.) in
diameter” (though some are so large they've been compared to Niagara
Falls).80

Moulins, and the accelerating thaw of the ice sheet, have generated
another very troubling phenomenon: earthquakes. Glacial earthquakes were
unknown in Greenland until about three years ago. Today, meltwater from
moulins is shearing enormous slabs of ice from the bedrock beneath the ice
sheet. These blocks of ice, many more than 800 meters (2,625 ft.) deep and
1,500 meters (4,921 ft.) long, contain immense rocks. As the meltwater slides
the rock-toting ice blocks over geologic faults in the bedrock, earthquakes are
generated. Many climatologists concur that glacial quakes are ominous signs
that an unprecedented change is taking place in the increasingly unstable
Greenland ice sheet.8!

Robert Correll, a contributing scientist to AR4, concurs with the recent
scientific consensus that there has been “a significant acceleration in the loss
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of ice mass ... since the last [2007 IPCC] report.” Massive chunks of ice,
some several cubic kilometers in size, are also falling off the ice sheet during
the more frequent “ice quakes.” Correll explains that “These earthquakes are
not dangerous in themselves but [they show] ... that events are happening
far faster than we ever anticipated.”8?

Conditions like these make IPCC predictions outdated. Scientists are
now seriously considering a large-scale (or possibly even total) collapse of the
Greenland ice sheet, with a concomitant rise in sea level of two meters (6.6
ft.) or more—enough to inundate New York, London, New Orleans, a good
deal of Florida, and many other low-lying regions. If the entire ice sheet slips
into the North Atlantic, such a massive input of freshwater might weaken (or
stop) the NADW and the ocean’s THC.

The Albedo Flip Feedback

The AR4 Synthesis Report gives a sea level rise range by 2099 of between
0.18 meters (0.6 ft.) (most aggressive mitigation scenario) and 0.59 meters
(2 ft.) (BAU scenario). IPCC scientists qualified these predictions by stat-
ing that they do not include “the full effects of changes in ice sheet flow ...
Therefore the upper values of the ranges given are not to be considered upper
bounds for sea level rise.” The report goes on to say that if ice discharge from
Greenland and West Antarctica continues to grow linearly, sea levels could
be expected to rise an additional 0.1-0.2 meters (0.3-0.6 ft.).83

However, some leading climatologists are warning that disintegration
of ice sheets under current and future BAU conditions will not be gradual
and linear, but will occur in an abrupt, nonlinear flip once a crucial tipping
point is passed. This tipping point would come from changes in albedo on
the ice sheets. An albedo flip would occur when a large enough surface area
on the ice sheet is changed from high-albedo ice to low-albedo melt ponds.
The darker, wetter melt ponds would absorb more light and heat, which
would melt more ice (both on and below the surface), which would absorb
even more heat, which would produce so many moulins and so much basal
lubrication that ice melting and discharge into the ocean would speed up
exponentially, leading to rapid and irreversible ice sheet disintegration.

The loss of buttressing ice shelves, which are particularly vulnerable to
warming air and ocean water, would generate a positive feedback, for as they
decline and thin, they provide a wider exit route for melting inland glaciers,
which further erode the ice shelves, and so on.

Significant and increasing ice shelf loss is being observed in Greenland
and along the WALIS. Satellite data show that the rate of ice mass loss on both
major ice sheets has doubled in recent years, a possible indication of irrevers-
ible acceleration of the disintegration process.
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The current 0.74°C (1.3°F) increase in globally averaged temperature has
already caused serious and widespread melting on both major ice sheets. Yet
an “optimistic” BAU scenario projects a warming of 3°C (5.4°F) by century’s
end. What effect would that degree of warming have on the ice sheets and
on sea level? To answer this question, scientists have compared near-term
global warming projections to the somewhat similar mid-Pliocene (ca. 3.5
mya), when surface temperatures were about 2°-3°C (3.6°-5.4°F) warmer
than today and atmospheric CO, concentrations ranged from 350—450 ppm.
During the Pliocene, ice sheet melting was so extensive that sea levels were
about 25 meters (82 ft.) higher than today. A sea level rise of this magnitude
would inundate nearly all (if not all) of the world’s major ports and coastal
areas. In short, the world as we know it would no longer exist.8*

Albedo flip scientists point out that paleoclimate ice sheet computer
models, like those cited by the IPCC, did not incorporate the physics of ice
streams, basal lubrication, or ice shelf interactions with the oceans. Absent
these key processes, the IPCC projections for sea level rise were too optimis-
tic and reassuring, so policy makers and the public failed to grasp the urgency
of the problem. These scientists argue that avoiding irreversible destruction
of the ice sheets (and Pliocene-like conditions) requires that GHGs be limited
to 450 ppm and global warming be kept at or below 1°C (1.8°F). This would
require immediate and dramatic action. As James Hansen, chief NASA
climate scientist put it, “[T]he world is getting perilously close to climate
changes that could run out of control.... Civilization developed during a
period of unusual climate stability. . . . That period is about to end.” Hansen
believes we have about 10 years to institute the measures necessary to avoid
the “climatic cataclysm” that an albedo flip could cause.3”

Oceans: Observed and Projected Changes

The oceans are a vital component of Earth’s climate and have three principal
effects on it. First, they have an enormous heat capacity (ability to absorb
heat), about 1,000 times greater than that of the atmosphere. For that rea-
son, a gargantuan amount of heat is needed to warm the oceans only slightly,
and the oceans warm far more slowly than the air. Second, ocean circulation
is a major distributor of heat around the planet, so ocean circulation and
temperature can have large effects on global or regional climate. Third, the
oceans are the main contributors of water vapor to the atmosphere and so
have a great influence on precipitation and storms.

Nearly everything that is put into the atmosphere is absorbed by the
oceans to some extent. Therefore, most GHGs and the additional heat
they produce in the atmosphere are absorbed by surface ocean water.
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Yet because the ocean warms so slowly, it takes many decades before the
planet starts to feel the effects of the heat absorbed by the ocean. This
phenomenon, called “ocean masking,” has so far hidden the full effects of
climate change. For example, the oceans have absorbed more than 80 per-
cent of the warming generated by GHGs since 1955.¢ In the near future,
however, the global ocean will begin giving off some of the heat it has
absorbed, and the true extent of global warming will no longer be masked,
but will be felt in full force.

The AR4 reported an approximate 0.1°C (0.18°F) warming of the global
oceans to a depth of about 700 meters (2,297 ft.) between 1961 and 2003.
During this period, the heat content of the oceans increased to yield a RF of
+ 0.21 Wm2, with 20 times as much heat taken up by the oceans as by air,
producing a “significant increasing trend in ocean heat content.” Data show
that over the past decades the oceans have warmed 0.37°C (0.7°F) to a depth
of 3,000 meters (9,842 ft.).87

As with other projections, future ocean temperatures depend on how
quickly and aggressively humanity addresses global warming. With a “com-
mitted” response, global ocean temperatures may rise about 1°C (1.8°F) from
2080 to 2099; under a BAU scenario, ocean temperatures could rise 1.5°~3°C
(2.7°=5.4°F) through most of the ocean, though Arctic SST could increase
by 7.5°C (13.5°F).88 (The AR4 did not address the likelihood that frozen
methane hydrates beneath the seafloor might thaw and be released into the
atmosphere.)

Higher SST will put more water vapor into the atmosphere and intensify
the hydrological cycle. Therefore, more powerful storms are predicted and
global mean precipitation is expected to increase, albeit variably by region.
Both precipitation and soil moisture are expected to increase in higher-
latitude regions north and south of the hemispheric jet streams. However,
precipitation intensity (very heavy downpours) is expected to increase
markedly, though precipitation events will punctuate longer periods of dry
weather. The AR4 states that it is /ikely that storms will intensify, with higher
winds and more rain. Precipitation and soil moisture are predicted to decline
in a wide swath of the globe girding the equator.8°

As might be expected from the ice data, SSTs in the Arctic and Southern
Oceans have also risen. SST in the Southern Ocean has risen 0.3°C (0.54°F)
in the last 15 years, raising regional sea level by about two centimeters (0.8
in.).°0 Even the extremely dense and cold bottom waters of the Southern
Ocean have warmed steadily by about 0.002°C (0.0036°F) per year over the
past 30 years. Mid-depth water (about 900 meters [2,953 ft.]) warmed up
to 0.4°C (0.72°F) during the same period. The SST near the West Antarctic
Peninsula rose by more than 1°C (1.8°F).%!
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The salinity, or salt content, of the oceans is changing. Between 1995 and
1998, subpolar ocean water became diluted with freshwater (from increased
precipitation and melting ice sheets and glaciers). Ocean regions getting
less precipitation, such as the Pacific and Indian Oceans, saw their salinity
rise. However, the North Atlantic is not only becoming less saline, it is also
warming to depths 1,000 meters (3,281 ft.) deeper than any other ocean. The
warmer water was particularly pronounced under the Gulf Stream and in the
region of the NADW. The AR4 notes a “marked freshening” of the waters
exiting the Arctic and entering the NADW. Though water transport through
the NADW has declined 30 percent since 1957, there is still too little evi-
dence to support a direct effect on the THC/MOC.%2

The AR4 predicts that during the 21st century it is very likely that the
THC/MOC will slow down. Studies project a further slowdown of 25 to
50 percent between 2080 and 2099. Though the AR4 states that it is very
unlikely that the THC/MOC will undergo a large, abrupt transition during
the 21st century, the uncertainties surrounding the fate of the Greenland
ice sheet have not been factored into this prediction.”® Scientists stress that
though there is great uncertainty regarding the fate of the THC/MOC and
that the signs of a collapse may be too subtle to detect easily, this should not
be a cause for complacency. They suggest that there might be a substantial
delay between the initial triggering of a THC/MOC collapse and the actual
collapse.

Global sea levels are rising. Two factors are responsible for this: the
addition of water to the ocean from melting ice sheets and glaciers and the
thermal expansion of ocean water. As substances heat up, they expand (their
molecules become more active and move farther apart). This is as true of
ocean water as it is of just about all other substances. The AR4 reported that
during the 20th century, average global sea level rose 1.7 millimeters/year
(0.07 in.), with 25 percent of that rise coming from thermal expansion.
Between 1993 and 2003, the rate of sea level rise had increased to three mil-
limeters/year (0.12 in.), with fully half attributable to thermal expansion of
ocean water.%*

Based on AR4 data, sea levels could rise between 200—500 millimeters
(7.8-19.6 in.) by 2100. As much as 75 percent of sea level rise by 2099 is
expected to come from thermal expansion.?> However, the AR4 did not take
into account accelerated melting of ice sheets and glaciers. If these ice masses
melt, sea levels are expected to rise several meters, far above the levels pro-
jected by AR4. Recent paleoclimate research points to a more drastic sea level
rise. One study of the last interglacial period (100 kya) showed that sea levels
then rose six meters (20 ft.) above current levels and suggests that we will
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approach similar conditions of warming within 50 to 100 years.%® Scientists
studying the interglacial period before that one came to the same conclusions
and predicted a similar rise in sea levels.””

Another property of the oceans is probably a familiar one. Most people
know that a can of warm soda contains a lot less fizz than a can of ice-cold
soda. Soda fizz is CO,, and cold water holds a lot more of it than warm
water. So as ocean water warms it will begin to give back some of the CO,
it has absorbed. As that CO, enters the air it will further enhance climate
warming. A 2007 study of a 360,000-year-old Antarctic ice core revealed that
greenhouse warming is exacerbated by outgassing of CO, from the oceans.
Based on the paleoclimate data, the researchers expect global temperatures
to increase more than predicted by 2100, with about 2°C (3.6°F) of that addi-
tional warming coming primarily from the oceans. Once outgassing from the
oceans begins, a positive feedback is created in which climate warming and
outgassing of CO, reinforce each other.8

The amount of CO, absorbed by the ocean is related to the amount
of CO; in the atmosphere. Through the 1990s, the oceans took up about
2.2Gt/yr. of anthropogenic CO,. Though more than half of this CO, has
remained in the upper 400 meters (1,312 ft.) of the ocean, some recent stud-
ies have detected anthropogenic CO, to depths of 1,100 meters (3,609 ft.)
in the North Pacific, 1,200 meters (3,937 ft.) in the Indian Ocean, and 1,900
meters (6,234 ft.) in the Southern Ocean.?®

The depth to which anthropogenic CO; has penetrated oceans is trou-
bling because it underscores how much CO; people are emitting. However,
to some extent it is reassuring to know that the oceans have been doing
their job as the world’s major carbon sink. Unfortunately, the ocean’s abil-
ity to absorb and store our atmospheric fizz may be weakening as ocean
water reaches its saturation point. The results of a major, four-year study,
released in 2007, show that the Southern Ocean, the strongest oceanic car-
bon sink, has reached its saturation point and is starting to release its store
of CO; The Southern Ocean’s absorption of CO; has decreased each decade
since 1981, even though human emissions increased 40 percent during this
period. It seems that global warming has increased westerly winds over the
ocean, and the winds are churning up the water and bringing CO, from the
depths to the increasingly saturated surface. The more the climate warms,
the stronger the winds, the more saturated the ocean surface becomes, and
the less CO, it absorbs from the air. It is a classic positive feedback cycle.
“Oceans ought to be able to absorb CO; for hundreds of years into the
future before becoming saturated. This was not something that should be
happening,” one researcher commented.1%°
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Overall, oceanic uptake of anthropogenic CO, has declined. Between
1750 and 1994, the world’s oceans absorbed about 283 GtC, or about 42 per-
cent of total GHG emissions. For the period 1980 to 2005, ocean absorption
fell to 143 GtC, or about 37 percent of total GHG emissions.10!

OCEAN ACIDIFICATION

Perhaps the most worrying and immediate change in the oceans resulting
from CO, emissions is a significant reduction in the pH of ocean water. The
pH scale shows the relative acidity or alkalinity of a substance. A substance
such as pure water, which is neither an acid nor a base, has a neutral pH of
7.0. The lower the pH, the more acid a substance is (e.g., sulfuric acid has a
pH of about 2); the higher the pH, the more basic, or alkaline, a substance is
(e.g., lye has a pH of about 13).

When CO, enters ocean water, it becomes part of a series of chemi-
cal reactions, one of whose end products is carbonic acid (H,COj3). Under
normal circumstances (when the ocean is not absorbing huge additional
amounts of CO,), ocean water is able to buffer the CO, so it does not form
too much acid. Instead, the ocean’s carbonate buffer causes hydrogen ions
(H*) to react with the carbonate (CO3) in ocean water to form bicarbon-
ate (HCO3), a base. But the more CO, the ocean absorbs, the weaker the
carbonate buffer becomes. Today, absorption of vast quantities of CO, has
weakened the buffer so much that, instead of forming bicarbonate, the CO,
instead breaks down carbonate to form more carbonic acid; thus, the amount
of carbonate in ocean water declines as the amount of CO, and carbonic acid
increase. Globally, the surface ocean has a pH of 8.2 (though this varies some-
what by region). Scientists have already detected a 0.1 reduction in ocean pH
below preindustrial levels. The pH scale is logarithmic, so this translates into
a 30 percent increase in the acidity of ocean water.102

The acidification of the ocean is having profound effects on the marine
environment—none of them good. Research has shown that marine organisms
that form calcium carbonate (CaCOs) shells are having a much harder time
accomplishing this feat because far less carbonate is available to them. Many
of these organisms form the base of the marine food chain (e.g., shell-forming
plankton, foraminifera). If these species die out due to lack of CaCOj, entire
marine food chains could collapse. As marine food chains are disrupted and
shortened, scientists expect a few invertebrate species to dominate the marine
environment. Jellyfish, particularly, are expected to swarm the oceans, and
recent jellyfish population explosions seem to be supporting this prediction.

Higher SSTs have also strengthened the vertical stratification (layering)
of ocean water and reduced mixing between layers. This tends to keep most

52



Introduction

of the carbonic acid in surface layers, but it also prevents carbonate from
sinking to depths where deep-sea organisms live and form their protective
shells. So, deep-sea food chains are disrupted as well.

To add insult to injury, greater levels of acid in seawater are begin-
ning to eat away at (erode or dissolve) the CaCOs shells already protecting
shelled organisms. Detailed studies show that the greater concentration of
carbonic acid in ocean water is pitting and even cracking the shells of marine
organisms.

Some of the most devastating effects of ocean acidification have been
observed in coral. Coral animals (polyps) form their cocoons, and thus their
reefs, out of a type of CaCOs. An estimated 25 percent of all marine fish
species (1.9 million species, many an important human food source) rely
on coral reefs for at least some part of their life cycle. Corals, therefore, are
not only suffering from coral bleaching (loss of symbiotic algae) and die off
due to higher SSTs, they are now facing ruin from a dire lack of carbonate.
Worse, many marine organisms that live among coral, such as parrotfish and
sponges, nibble on the coral for food or as they seek a protective hideout in
the reef. So corals must have a constant supply of CaCOs not only for growth
but just to maintain themselves.

Experts estimate that hundreds of millions of people rely on coral reefs
for food; billions of dollars in commercially valuable fish depend on reefs or
may be severely harmed by ecosystem collapse due to ocean acidification.
The acidification caused by CO, emissions may destroy the living ocean as
we know it for thousands of years to come. Ocean surface pH has been 8.2
for the last 44 million years, yet a doubling of CO, emissions (about 560
ppm) could decrease ocean pH by 0.5 units by 2100, and this rate of change
is at least 100 times faster than that found in the paleoclimate record. The
last time acidification on this scale occurred (about 65 mya) it took more
than 2 million years for corals and other marine organisms to recover;
some scientists today believe, optimistically, that it could take tens of thou-
sands of years for the ocean to regain the chemistry it had in preindustrial
times.103

Many scientists had viewed the oceans as a long-term sink for anthro-
pogenic carbon. They assumed that, as in normal (nonacidic) conditions,
once shelled organisms died their carbon-based shells would sink to the
seafloor where the carbon would be sequestered for millennia in sediment.
This process is called the biological pump that sequesters carbon in deep-sea
sediment. If shelled marine organisms can no longer make shells out of our
emitted carbon, or if most or all of them become extinct, the oceans can no
longer be viewed as a viable carbon sink.
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The prospect of an acidified ocean is so grim, one scientist testified
before Congress that the only “appropriate [emissions] stabilization target
for CO, is ... zero.” He stated flatly that unless zero emissions are achieved
quickly, ocean pH could fall to 7.7 by 2100—an acidic condition not seen
in 300 million years. If we don’t drastically cut CO, emissions, according to
another researcher, there may be “no place in the future oceans for many of
the species and ecosystems we know today. . .. [[]n the end we will have the
rise of slime . .. the reign of the jellyfish.” One scientist urged, “I can’t really
stress it in words strong enough. It’s a do-or-die situation.”104

ADAPTATION AND MITIGATION
Adaptation

Adaptation refers to those measures that humankind can take to adjust to
the changes that global warming will inevitably bring. Even if we cut CO,
emissions to zero by tomorrow, there is still so much COj in the atmosphere
(and oceans) that climate changes currently in the pipeline will affect our
lives. If we anticipate these inevitable changes and implement the adapta-
tions needed to address them, their impact can be lessened. These adapta-
tions include strengthening transportation infrastructure and buildings,
constructing flood barriers for major coasts and coastal cities, restructuring
water supply systems for conservation, overhauling agriculture to conform
to new climate conditions, and establishing a nationwide disaster and health-
emergency system.

Of course, implementing adaptive measures is expensive. Some skeptics
oppose these expenditures because they address predictable but uncertain
disasters. We may get lucky and that monster hurricane may swerve away
from us. The problem is that though it may not clobber us this year, as cli-
mate change intensifies, we will surely be affected by disasters and altered
climate conditions sooner or later. Studies have shown that it is far more cost
effective to spend money on prevention (adaptation) before disaster strikes
than after it. For example, some cities at risk of flooding decided to severely
restrict development on floodplains. The cost of creating and maintaining the
flood-prevention program was $1.3 million; the amount the cities saved in
property damage was estimated at $11 million.1%> Some forms of adaptation,
such as preservation of coastal wetlands and forests, cost nothing.

The principal problem the world faces regarding adaptation revolves
around its cost and who foots the bill. Developed nations have the money
to implement even the most expensive adaptive measures (assuming they
choose to do so) to safeguard their land and people. Poor, developing coun-
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tries, which are expected to suffer the most severe effects of climate change,
cannot afford the needed adaptations.

Many experts contend that it is in the interest of rich nations to help
poor nations with adaptation. The humanitarian reason is obvious, but self-
interest is also a factor, as aiding developing nations is likely to reduce the
number of environmental refugees that climate change could create. For
example, a recent report on the effects of climate change in the Near East
projects a significant decrease in precipitation, crop losses of 20—-35 percent,
severe water shortages, and around a 2.5 percent reduction in GDP (gross
domestic product) in the region. Combined, these factors could create 250—
500 million refugees.!® The European Union (EU) is aware of the refugee
problem this could cause, so member nations are formulating plans to aid
these and other developing nations with adaptation measures.

Wealthy nations are analyzing the costs and benefits of implementing
adaptive measures domestically. Nearly all developed countries are also
attempting to determine the extent to which they are willing to help pay for
adaptations needed by poor, developing countries. Some monetary commit-
ments have been made, but they are inadequate. Negotiations are ongoing.

Mitigation

Mitigation refers to steps taken to reduce GHG emissions now and in the
future to prevent a drastic and irreversible climate shift. Mitigation entails
replacing fossil fuels with renewable energy sources (solar thermal and pho-
tovoltaics, wind, geothermal, tidal, ocean wave, biomass and alternative liq-
uid fuels, etc.). It also involves making every aspect of our lives more energy
efficient so we use less fuel (e.g., superinsulating existing buildings, requiring
new buildings to be superinsulated, driving plug-in hybrid or alternative
fuel motor vehicles, creating and encouraging the use of mass transit, buy-
ing locally grown food, etc.). Mitigation can be undertaken at every level of
society, from individuals to communities to nations. However, if it is to halt
or reverse climate change, mitigation requires a coordinated, global commit-
ment. Climate experts strongly recommend that GHG emissions be reduced
to keep CO, concentrations at or below 450 ppm with a 1°C (1.8°F) tem-
perature rise; if that goal is by now unattainable, they insist that emissions
be held to 550 ppm with a temperature increase of no more than 2°C (3.6°F).
Beyond these limits, so many positive climate feedbacks will likely kick in and
so many tipping points may be passed that climate change may well run out
of control. Achieving these targets requires developed nations to cut GHG
emissions by about 80 percent (or more) by 2030 and requires industrializing
nations such as China and India to align their emissions accordingly.
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The world runs on fossil fuels, and an 80 percent cut in their use will have
dramatic effects on every aspect of life. That’s why the concept of mitigation
tends to make people nervous: it requires changes in lifestyle and, most likely,
in some social values; and it will be very expensive (at least initially). Yet as we
work our way toward an 80 percent—or optimally a 100 percent—reduction
in GHGs, we can implement technologies that are available today to reduce
our GHG emissions to below 1970 levels in just a few years. Two Princeton
University scientists created a “stabilization wedge” that shows that currently
available technologies and lifestyle changes can significantly reduce GHG
emissions. Many of the measures they suggest can be implemented for little
or no cost. In fact, some GHG reduction measures actually save money (have
net negative cost) and help cancel out the costs of more expensive measures.
Effective mitigation must involve every sector of society, but a viable and
aggressive national energy policy must underpin the entire enterprise if it is
to succeed.

COSTS

There is no doubt that weaning the world off fossil fuels will be very costly.
Before governments shell out trillions of dollars on mitigation, policy makers
have to know that the cost of mitigation is worth it. So economists apply a
cost-benefit analysis to the fate of the planet. They ask, is the cost of miti-
gation less than the cost of doing nothing? Or, do the benefits of avoiding
climate catastrophe outweigh the costs entailed in preventing it? For many,
the answer is obvious.

The Stern Review on the Economics of Climate Change, produced by Sir
Nicholas Stern, Head of the UK Government Economic Service, is a major
study of the economics of mitigation. Most of its calculations are based on
a BAU, or near-worst-case scenario, for GHG emissions and climate change
with positive feedbacks. According to the report, the disastrous impacts of
ignoring mitigation in a BAU scenario would reduce the global per capita
welfare of and consumption by each individual by 5-20 percent. The overall
cost of doing nothing is estimated to be 5-10 percent of global GDP (due
to damage or destruction of infrastructure and its effects on the economy,
human health, loss of ecosystem services, etc.). However, policies to curb
GHG emissions to 500-550 ppm (CO;-eq) would involve expenditures that
lower GDP only 1 percent per year by 2050. This 1 percent reduction would
come from investments in new infrastructure, urban redesign, mass transit,
new types of transportation and fuels, energy-efficient buildings (new or ret-
rofitted), renewable energy, energy and water conservation programs, reduc-
ing the demand for energy-intensive goods, sharply cutting the energy used
by industry to manufacture goods, and other energy efficiency programs in

56



Introduction

all sectors of society. So called “no regrets” policies, such as avoiding defores-
tation, indirectly cut emissions and generally have zero cost.19”

Some economists have criticized The Stern Review for being too pes-
simistic in its climate projections, yet most concur that the costs of doing
nothing far outweigh the costs of mitigation. One study projected a cost of
16 percent of global GDP by 2300 if temperatures rise about 10°C (18°F), as
compared with a 2 percent of GDP cost for mitigation to avoid the conse-
quences of such drastic climate change. Another study calculates a cost of
less than 1 percent of GDP for mitigation that would halve GHG emissions.
Further emissions cuts, to 70 percent or more by 2100, would cost about
2.5-3.5 percent of GDP. However, this figure includes neither alternative
energies that will take over the role in energy production once held by fos-
sil fuels nor increases in the cost of carbon (e.g., gasoline, heating oil).108 If
alternative energy sources are brought on line and crude oil prices continue
to rise (as expected), mitigation causes less of a decline in GDP. The AR4
estimates that stabilizing GHG emissions below 530 ppm (CO,-eq) would
result in a global annual GDP decrease of about 0.12 percent, with about
2.5°C (4.5°F) of warming; keeping emissions at 590710 ppm (CO;-eq) would
reduce global annual GDP by only 0.06 percent, but raise globally averaged
temperatures by 3°~4°C (5.4°-7.2°F).10°

It is important to note that in some economic analyses the estimates
of declining GDP during mitigation are exaggerated because they omit two
vital factors: the price of fossil fuels and job creation. The higher the market
price for fossil fuels, the more cost effective mitigation becomes. As oil prices
skyrocket, money drains out of every sector of society and GDP falters. And
in every nation on Earth, workers will be needed to rebuild infrastructure and
create new forms of transport; to retrofit and insulate buildings; to design,
build, and maintain alternative energy projects; to rebuild and maintain a
new, efficient electric grid, and so on. In 2007, the UN and the International
Labour Organization (ILO) released a report estimating that tens of millions
of “green jobs” would be created through mitigation programs. In the United
States alone, 5.3 million well-paying jobs—that cannot be outsourced—would
be created. One U.S economist said about the report, “Added together, we
are clearly on the edge of something quite exciting and transformational.”
But he added that the “right government signals” and policies are needed to
realize this transformation.110

A Sustainable Future

Is it possible for people to live in fossil-fuel-free, zero-carbon societies? The
answer is a resounding “yes.” Alternative energies, particularly solar and
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wind, have the potential to power world economies for generations to come.
In fact, solar power alone can provide nearly four times the amount of energy
the world will need by 2030 (including economic growth).

It is true that realizing a zero-carbon lifestyle will entail some changes.
Even as our lives are powered increasingly by electricity derived from renew-
able sources, some things will change. The government must either tax CO,
or cap emissions by auctioning ever fewer emissions permits in order to make
using carbon-based energy less attractive and more expensive. As the cost
of carbon increases, the market will seek and use less expensive, alternative
energy sources. Government should also provide subsidies, tax breaks, and
other incentives to help individuals and businesses make the transition to
alternative energy and help finance construction of a new alternative energy
infrastructure.

Individuals must be given incentives to encourage them to drive plug-
in hybrid cars and drive less, use energy-efficient lightbulbs and appliances,
insulate their homes, upgrade to energy-efficient heating systems, and fly less
often. People can also reduce emissions by limiting the amount of meat they
eat: producing 1 kilogram (2.2 1b.) of meat emits 36.4 kg CO,-eq, and 4.5 kilo-
grams (10 lbs.) of plants are needed to make 0.45 kilograms (1 1b.) of meat.111
People can also reinvigorate their communities by buying locally grown food
and other local products, thus avoiding the emissions associated with long-
distance transport. Finally—and controversially—people should reconsider
their role as consumers. Every object a person buys is produced using some
amount of fossil fuels, so at least until modern life is powered by renewable
energy, individuals should try to consume less and reuse and recycle more.
These lifestyle changes are especially important now, while humanity is
reducing GHG emissions as much as possible, year by year.

Some people feel that we are living in dangerous and depressing times,
burdened by overwhelming challenges. It is true that the challenges climate
change poses are enormous. But accepting the challenges and acting to meet
and overcome them also means that we are living in very exciting times.
Smart and creative people the world over are developing new technologies
to tackle global warming. An Indian car company soon expects to mass-
produce cars that run on compressed air and cost about $5,000; prototypes
are already on the road. An Idaho company’s research has shown how roads
and highways could be embedded with solar PV (photovoltaic) cells to meet
all U.S. electricity demand; strengthening the solar cells to withstand the
wear and tear of traffic is still in the works, but it’s a great idea that may one
day be realized. One solar energy company is perfecting a method of printing
solar components onto thin film using an ink-jet printer; eventually, solar
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PV may be cheaper than electricity today. The United States could derive
all its energy needs from concentrating solar power (CSP) installations in
the Southwest alone. Scientists in Europe have shown how large-scale CSP
installations in the Sahara could power all of Europe and a more highly
developed Africa. The Arabian Desert could do the same for the Near and
Middle East. Advances in electricity transmission and storage make these
concentrated sites of electricity production viable.

Some new technologies await improvements. For example, the global
push to reduce gasoline use by replacing it with plant-based ethanol sounded
like a great idea. Now we are finding that mass production of palm oil for
ethanol is destroying rain forests; producing corn-based ethanol adds more
GHGs to the air than it saves. And planting vast agricultural tracts for ethanol
production is leading to food shortages and sharply rising food prices around
the world. So, should ethanol and other gas substitutes be abandoned? Not
according to researchers who are using bacteria and algae to break down
a host of waste materials—including old tires—to make ethanol or similar
nonpolluting fuels.

Another promising avenue of research is seeking ways to capture car-
bon emissions or remove CO, from the air. One New York-based firm
has devised a means of turning captured CO, emissions into plastic. U.S.
chemists have created an entirely new class of porous materials, called ZIFs
(zeolitic imidazolate frameworks), that can capture and retain large amounts
of CO,. One liter of ZIFs can store 83 liters (22 gal.) of CO,. These materials
may be vital in capturing CO; as we phase out coal-burning power plants.

Some economists have worried that climate change may affect globaliza-
tion, which relies on cheap transportation. The era of cheap transport may be
coming to an end as the monetary and environmental costs of fossil fuels rise.
Recently, though, innovators have built ships that are fitted with high-tech
sails, which greatly reduce the amount of fossil fuel that needs to be burned.
Early models sported single sails, but engineers are working on ships wholly
powered by a computer-controlled array of sails. One shipbuilding enterprise
is building prototype ships that are powered by wave action.

Yet more is needed. At a recent climate change conference, many sci-
entists stated that the most important thing an individual can do to curb
climate change is to vote for leaders who understand the challenge of climate
change and will take aggressive measures to combat it.
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HISTORICAL BACKGROUND

Early American settlers carried with them a sense of humankind’s relation-
ship to the Earth that had predominated in medieval Europe. Unlike today,
when wilderness is a precious patch of green surrounded by a highly urban
society, Americans at that time saw society as a small, vulnerable outpost of
relative safety surrounded by a wilderness harboring who-knew-what dan-
gers. No one then could conceive that clearing a forest for farming could
have a significant effect on the local environment, let alone the global one.
The eastern third of the nation was virtually one immense, endless forest;
surely nothing people did could affect this vastness. Yet, in about 50 years,
the forests that had once stretched from Maine to Minnesota and south
to Georgia were largely decimated. As one observer wrote: “[T]he smell
of settlements was the smell of burning woodpiles. . . . The settlers did not
just attack the forest, they smote it.”! Lawyer and naturalist George Perkins
Marsh was appalled by the destruction. In his Man and Nature (1864), he
noted that “The felling of the woods has been attended with momentous
consequences to the drainage of the soil . . . and probably also to local cli-
mate.”? Yet the science of the time denied that human action could affect
rainfall, or any aspect of climate. (Today, scientists estimate that by 1850
the felling of eastern forests had released about half a billion tons of CO,
into the atmosphere.?)

Americans took their optimism with them as they moved out onto the
prairie. Despite its appellation as the Great American Desert, the plains lured
the restless and self-reliant who believed in their hearts that “rain follows
the plough.” They welcomed the struggle to make a go of farming on the
climatically capricious plains, convinced that the rain would fall and deliver
plentiful harvests. The dust bowl of the 1930s disabused these settlers of
their optimism. Many parts of the plains were completely depopulated when
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the monster dust storms blew settlers’ livelihoods away. The dust bowl was
undeniably an environmental (and social) catastrophe. Yet a catastrophe
is by its very nature temporary. Eventually it will pass, and “normal,” more
humanly congenial conditions will once again prevail—the immutable stabil-
ity of nature will return and set things right. Acting on this belief, Americans
continued their exploitation of the continent’s riches.

U.S. industrialization occurred at breakneck speed after the Civil War.
Coal powered industry and the spreading tentacles of the railroads, and oil
powered the burgeoning numbers of automobiles. By 1929, there were 29.7
million Model T Fords on America’s growing system of roads and highways.
By 1925, 804,600 kilometers (500,000 mi.) of highways exceeded the extent
of rail lines; 10 years later road miles had doubled.* Expansion of the rail and
highway infrastructure boosted the U.S. economy and catapulted it into the
ranks of the world’s industrial giants.

For most Americans—from industrialists seeking limitless wealth to toil-
ing immigrants seeking the American dream—the sight of huge smokestacks
billowing black smoke into the air was a sign of progress, not pollution. Cer-
tainly, the environmental conditions in and around factories were appalling
and sickened or killed many people, but progress was paramount, and few
questioned its cost. Decade after decade, increasing amounts of CO, were
spewed into the atmosphere by the industrial and economic powerhouse that
the United States had become and has remained.

Hot Wars, Cold Wars, and the Birth of a New Science

The United States entered World War II after Japan bombed Pearl Harbor,
Hawaii, on December 7, 1941. The successful prosecution of a war requires
accurate and reliable weather data. The state of the weather determines
whether or where bombers fly missions and what date to choose for an
invasion, especially one involving a massive landing of troops on a beach in
France. Meteorologists were crucial to the war effort, and new techniques
and equipment improved weather forecasting.

World War II was also fought on and beneath the sea. Large amounts
of money were spent for scientific research on ocean currents, both on the
surface and beneath it, where submarines slipped silently through the deep
looking for enemy ships to torpedo.

By war’s end (1945), it was becoming clear that conditions at the top
of the atmosphere and the bottom of the ocean were intimately connected.
To ensure the greatest utility in data gathering, the government centralized
oversight of geophysical research in the Pentagon’s Office of Naval Research
(ONR), which distributed funds to support the new science of climatology.
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Key advances in climate research evolved from the invention and utiliza-
tion of radar and the advent of the nuclear age, which began when the United
States dropped atomic bombs on Japan, ending the war in the Pacific. Trac-
ing the resulting radioactivity in the atmosphere and oceans greatly increased
scientific understanding of climate processes. When the Soviet Union devel-
oped its own nuclear weapons and tested them in the atmosphere (as did
some of our European allies), a growing sense of public alarm arose about the
spread of radioactive fallout. Many people also speculated that atmospheric
testing of atomic bombs might change the climate.

The 1957 Soviet launching of the Sputnik satellite panicked Americans
who feared Soviet supremacy in science and weapons technology. The U.S.
government, fearing nuclear attack and bracing for the cold war and the
nuclear arms race to come, attempted to salve the public’s unease by pouring
enormous amounts of money into scientific research. The funds were distrib-
uted through the National Science Foundation (NSF), established in 1950,
which bestowed a respectable portion on basic climate research.

Thus the cold war, as awful as it was, had a positive impact on the rela-
tionship between government and science. President Dwight D. Eisenhower
(in office 1953-61) created the first President’s Science Advisory Commit-
tee, whose members included some of the most respected scientists in their
fields. When he took office, President John F. Kennedy (in office 1961-63)
formed the White House Office of Science and Technology. The Apollo space
program, impelled in part by the fear of Russian advances, put humans on the
surface of the Moon within a decade.

A GROWING AWARENESS OF CLIMATE CHANGE

Early in the cold war, the Pentagon had submarines patrolling the Arctic to
keep an eye on our cold war foe, the Soviets. Data collected by the prowl-
ing subs revealed that the Arctic ice above them was thinning at a slow but
discernible rate. These data were among the first to document the effects of
global warming, though the military did not interpret them in that context.
However, these and other data were analyzed by Maurice Ewing and William
Donn, both respected scientists, who suggested that melting Arctic ice might
trigger an ice age. The theory was widely reported in the press and struck a
chord with a jittery public. By 1959, the New York Times was reporting that
Arctic sea ice was half as thick as it had been a hundred years earlier.?

ONR-funded research continued to yield evidence of global warming,
though again that was not its purpose. ONR scientist Gilbert Plass (1921-
2004) helped develop heat-seeking missiles by studying how infrared rays
move through the atmosphere. When not at his lab, Plass relaxed by pursuing
his “hobby”—analyzing how CO; molecules in the atmosphere absorb infra-
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red radiation. Plass’s findings correlated CO, concentrations in the atmo-
sphere with the enhanced greenhouse effect. In a 1959 article, he predicted a
rise of several degrees in global temperature by the end of the 20th century.
Other government research conducted in Antarctica revealed increased CO,
in that otherwise pristine environment. Scientists began to put all this infor-
mation together and speculate about a warming climate.

By the mid-1950s, the U.S. government had become aware of Roger
Revelle’s research into ocean absorption of CO,. Revelle testified before
Congress to explain how increasing CO, emissions could lead to serious,
abrupt climate change. The National Academy of Sciences (NAS) produced
a 1957 report that echoed Revelle’s warning that extensive burning of fossil
fuels was tantamount to conducting a risky “scientific experiment” with the
global climate. Revelle’s testimony, and his leading role in promoting climate
research at the International Geophysical Year (IGY) conference, prompted
the government to fund further study.

By the early 1960s, the CO, data gleaned by Dave Keeling from his aerie
atop Mauna Loa proved beyond a doubt that concentrations of this GHG
were increasing steadily, year by year. The work done by Keeling, Revelle,
Plass, and others convinced the government to create the National Center for
Atmospheric Research (NCAR) in 1960. Consisting originally of 14 university
research centers, NCAR would encourage and coordinate climate research.

A new environmental threat was revealed in 1962, with the publication
of Rachel Carson’s Silent Spring, a book that awakened the world to the
widespread, lethal effects of the pesticide DDT. Carson detailed how numer-
ous bird populations around the globe were being decimated by DDT, which
thins the shells of birds” eggs. Carson’s warning revived the public’s alarm
about worldwide pollution. DDT was banned in 1972, but the public disquiet
at the global reach of human pollution deepened.

Another landmark book, Limits to Growth (1972), alerted the public to
the problems of population growth in terms of finite planetary resources.
Though its predictions were eventually shown to be erroneous (at least in
terms of its time frames), this influential best seller graphically described how
the resource demands of an exponentially growing human population would
inevitably outstrip the available resources on Earth, while extracting and
utilizing these resources would generate vast amounts of pollution. Widely
criticized by the corporate community for its attack on “progress,” the book
added to public unease about the future and humankind’s seemingly infinite
need for resources in a resource-limited world.

These two books galvanized corporate interests, which felt threatened by
their influence on the public. Chemical companies and industry associations
penned veiled threats to Carson’s publisher, hinting at lawsuits. Her book was
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called a hoax and its supporters were labeled fanatics, even though scientific
investigators corroborated Carson’s conclusions. Some corporations began
establishing and funding conservative think tanks, such as the American
Enterprise Institute (AEI), that would henceforth provide their own “experts”
to challenge scientific, and especially environmental, research that might nega-
tively affect their interests. At the same time, environmental advocacy groups,
such as the Sierra Club and the Environmental Defense Fund, were gaining
widespread support to serve as a counterweight to the conservative attack on
science.

ENVIRONMENTAL AWAKENING: THE 70s

The first Earth Day was held in April 1970, and global warming was a
notable, if not dominant, concern among participants. Newly energized
environmental activists rallied against the Nixon administration’s proposed
supersonic transport program. The heavily subsidized aircraft would release
huge amounts of water vapor and chemicals into the stratosphere. Taking
their cue from scientists who stated that these emissions might damage the
atmosphere and alter the climate, widespread public protests were organized.
Though most protesters were more concerned about noise and air pollution
than climate change, they prevailed and got Congress to scrap the program.
This first-ever environmental victory inspired the creation, in 1973, of the
right-wing think tank the Heritage Foundation, founded in part to discredit
environmental science and derail proposed regulations.

President Richard Nixon (in office 1969-74), who was grappling with
problems of his own (Vietnam, Watergate), embraced the environmental
movement. Groundbreaking environmental laws were passed during his
administration. In 1968, Nixon established the National Oceanic and Atmo-
spheric Administration (NOAA) to conduct and coordinate research in these
fields, as well as the Council on Environmental Quality to advise the execu-
tive and its agencies on environmental issues. A year later, he signed the
sweeping National Environmental Policy Act (NEPA). In 1970, he got Con-
gress to approve creation of the Environmental Protection Agency (EPA),
which was charged with analyzing the risks to human health of various types
of pollution. Congress also passed the Clean Air Act (1970), which set limits
on emissions of air pollutants (though not CO,), and created the Office of
Technology Assessment (OTA) in 1972. OTA was charged with objectively
analyzing complex technological and scientific data and issues and reporting
their findings and recommendations to Congress.

Several disastrous climate events in the early 1970s elicited real concern
among Americans. A severe El Nifio in 1972 caused a terrible drought in the
USSR, and only massive imports of grain saved the Soviet people from starva-
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tion. Millions of Africans in the Sahel were not so lucky; the horrific drought
that peaked in the region that year cost the lives of hundreds of thousands
and left millions dangerously malnourished. Starvation loomed in India, too,
when the monsoon failed to materialize. Even the U.S. Midwest suffered a
crop-withering drought of such alarming proportions it made headline news
nationwide. Ironically, though these events were caused by a natural climate
cycle, the public viewed them as the culmination of the harm humans had
inflicted on the planet. As Time magazine noted, “We are entering an era
when man’s effects on his climate will become dominant.”®

The worldwide droughts spooked many Americans and lifted climate
change toward the top of their environmental awareness list. In response to
this concern, Congress launched a Climatic Impact Assessment Program, and
President Nixon called on the NAS to form the Committee on Climatic Varia-
tion. Alas, the Watergate scandal forced Nixon to resign the presidency in 1974,
and by late 1978, when Congress finally established a National Climate Program
Office under the auspices of NOAA, it had little support and even less funding.

Then, in 1979, the NAS organized a blue-ribbon panel led by Jule Charney
(1917-81) to conduct a major study of global warming. The Ad Hoc Study
Group on Carbon Dioxide and Climate—better known as the Charney Com-
mission—reviewed the data from climate models of the day and concluded,
“If carbon dioxide continues to increase, [we] find no reason to doubt that
climate changes will result and no reason to believe that these changes will be
negligible . .. We may not be given a warning until the CO, loading is such
that an appreciable climate change is inevitable.”” Yet by 1979, the public had
forgotten the dreadful droughts of yesteryear and no longer demanded action
on climate change. Without pressure from constituents, elected officials for-
got it too. Their minds were occupied with another—though related—crisis.

The Organization of Petroleum Exporting Countries (OPEC) collectively
decided in 1973 to cut oil production and sales to Western nations as a way of
applying political pressure to get Israel to withdraw from the territories it had
gained during the Yom Kippur War. As the supply of oil shrank, its price sky-
rocketed. Acute oil shortages squeezed industrialized nations and hit the car-
dependent United States hard. Motorists sat in their cars for hours in mile-long
lines in hopes of buying a few, overpriced gallons of gas; industrial productivity
plummeted. A similar OPEC action in 1979 had the same effect, infuriating the
American populace and wreaking havoc on the U.S. economy, which suffered
through years of simultaneous inflation and contraction. The crises prompted
the NAS to convene a conference on Energy and Climate, whose chairman,
Roger Revelle, correlated fossil fuel burning with CO, emissions and increasing
temperatures. Revelle implored the government to take the urgent and related
problems of energy and climate change more seriously.
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From Carter to Reagan

President Jimmy Carter responded to the oil crises by proposing a U.S. energy
policy that emphasized conservation and the development of alternative energy
sources. To illustrate his commitment to alternative energy, Carter installed
solar panels on the roof of the White House. His policy goal was to make
the United States energy independent. Carter established the Department of
Energy (DOE) as a cabinet-level body to advise on energy policy and generously
funded its energy conservation research programs. Carter also tried to get
Congress to pass a comprehensive energy bill that would free the nation from
its dependence on Mideast oil. Unfortunately, the Iran hostage crisis overshad-
owed Carter’s energy program and eventually cost him the presidency.

For a while during the 1970s, a traumatized nation embraced a degree
of energy conservation. The Big Three automakers, for example, began pro-
ducing smaller, more fuel-efficient cars. But the efficiency craze did not last.
When Ronald Reagan moved into the White House in 1981, one of his first
acts was to take the solar panels off its roof. Reagan’s political philosophy
viewed the free market as the best arbiter of what was good for the country.
Corporate self-interest, he felt, would steer the country in the right direction.
To liberate corporate enterprise, Reagan undertook a wholesale abolition of
government regulations that oversaw corporate action in the public interest.
Out went stringent fuel-efficiency standards and conservation incentives.
Deregulation was the name of the game, and it spread throughout the U.S.
economy. In theory, the benefits of deregulation would “trickle down” to the
common folk as corporations pulled in record profits.

Reagan abandoned Carter’s energy policy on the grounds that the gov-
ernment had no business telling business how to use energy. Tax and other
incentives to promote alternative energy were rolled back or eliminated.
Between 1981 and 1987, federal funding for alternative energy projects, such
as solar, wind, and geothermal, was cut by 80 percent.? In this same period,
the DOE conservation budget was cut 70 percent; in 1988, it was slashed a
further 50 percent, essentially killing government research in this field.” It
was felt that the need for additional energy sources could be filled by build-
ing more coal-burning power plants and promoting construction of nuclear
power stations. Despite the near-meltdown that occurred at Pennsylvania’s
Three Mile Island nuclear power plant in 1979, the Reagan administration
continued to push for more nuclear power. As the administration correctly
pointed out, both coal and nuclear power were homegrown and reduced our
dependence on foreign oil. But the incident at Three Mile Island had shaken
public confidence in nuclear power, and vehement public opposition ensured
that few new nuclear power plants would be built.
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The “Hole” in the Sky

In 1974, scientists discovered that one class of human-made chemicals, called
chlorofluorocarbons (CFCs), were destroying the stratospheric ozone layer that
protects Earth’s surface from harmful ultraviolet (UV) rays from the Sun. They
found that the CFCs—which were widely used as propellants in aerosol spray
cans and as refrigerants in air conditioners and refrigerators—were breaking
down the ozone molecules and allowing harmful UV rays to reach Earth’s
surface. UV rays cause skin cancer in humans and harm animals and plants in
other ways. Extensive research confirmed that CFCs were causing ozone deple-
tion; the scientific community called for a ban on these chemicals.

The ozone “hole” was widely reported in the press and became a call to
arms for environmentalists. The chemical industry responded by launching
an antienvironmental public relations campaign—television and print ads
denied that CFCs had any negative effect on the atmosphere or on ozone.
Despite the millions industry spent on public relations, Congress, under
pressure from the public, added CFC restrictions to the Clean Air Act in
1977. In 1987, bending to pressure from his British counterpart, Prime Min-
ister Margaret Thatcher, President Reagan signed the Montreal Protocol,
which implemented a global phaseout of CFCs.

UNCERTAINTY AND COMPLACENCY

In the 1970s, computer modeling of the global climate was not very sophisti-
cated, and scientists admitted that the models were incomplete approxima-
tions of intricate climate processes. Scientists readily granted that climatology
was extremely complex and that many areas of uncertainty remained. As
summed up in Newsweek in 1975, “Not only are the basic scientific questions
largely unanswered, but in many cases we do not yet know enough to pose
the key questions.”10

To confuse things even further, in the 1960s and "70s, climate expert Reid
Bryson (1920-2008) argued that the global climate was cooling, not warming.
Bryson pointed out correctly that certain types of air pollutants—aerosols and
particulates, such as dust and soot—accumulate in the atmosphere and block
incoming solar radiation, cooling the planet. He claimed that aerosols and par-
ticulates were the triggers that would catapult the world into another ice age,
and that volcanic eruptions, slash-and-burn agriculture, industrial emissions,
and other activities, both natural and anthropogenic, were putting so many
particulates into the air that the Earth might well be heading for a deep freeze.

Bryson’s claims were widely criticized by most climate scientists, who
pointed out that climate models did not support such an unequivocal asser-
tion and that the preponderance of evidence pointed toward global warming,
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not cooling. Unlike today, at that time there was no consensus among climate
scientists about global warming, and this uncertainty caused widespread
public confusion. Americans did not know what to think: Were they cooling
the planet or warming it?

Confusion led to public apathy. Further, the specter of mass starvation
that some climate change alarmists had used to scare the public wilted when
the green revolution of the 1970s promised an unlimited food supply and
declining food prices. Biotechnology would render food security a nonissue,
undercutting a major public concern about climate change. By the late 1970s,
Americans began to embrace technology as the cure-all for any and all ills
that might befall them or the planet.

The Politics of Denial: From Reagan to Bush Il

In 1981, a congressional representative from Tennessee, Albert Gore, Jr.,
helped organize a series of hearings in Congress to focus on climate change.
Gore had been a student of Roger Revelle’s and had been deeply impressed
with the Keeling curve Revelle had explained to his students. When President
Reagan proposed drastic cuts in climate research funding, Representative
Gore and others held hearings to highlight global warming and to pressure
the administration to restore funding. The hearings garnered enough press
coverage to achieve their goal, and some funding was restored. Gore and oth-
ers in Congress continued to hold hearings on and off throughout the 1980s
to keep global warming in the public eye.

Prior to the 1980s, most scientists frowned on involvement in politics
and avoided explaining their research to the press, which they felt almost
always misunderstood and misrepresented it. But the confluence of several
key developments persuaded scientists to go public: the growing realiza-
tion that global warming was a serious threat requiring urgent government
action; the congressional hearings that provided a venue for informing the
public directly; and the scorn with which the Reagan administration viewed
science, and especially any science that touched upon the environment.

In 1980, the NAS had ordered a comprehensive study of COy’s effects
on the climate. The National Assessment, published in 1983, mentioned sci-
entists’ “deep concern” about global warming. However, chief NASA climate
scientist James Hansen testified before Congress that, overall, the report’s
conclusions were “aimed at damping concern” about climate change; the
report even advised that nothing be done to limit CO, emissions.!! Three
days later, the EPA released its own assessment of CO, and the enhanced
greenhouse effect. The EPA’s conclusions were more alarming. Its assess-
ment forecast potential “catastrophic consequences” if CO, emissions were
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not curbed and predicted global temperature increases of several degrees
over the next century.!2

Reagan officials harshly criticized the EPA study. The Reagan White House
rejected the report as a presentation of rigorous scientific research and instead
recast it as an opposing “perspective” on reality. The Reagan response to the
EPA report heralded a new approach to science that would reach its zenith in
the Bush years after 2001—science as a matter of perspective, to be accepted
or not based on the ideology of those in power. In response to the report, the
Reagan administration further cut the climate research budget. Throughout
the 1980s, funding for climate research stagnated at or below 1965 levels.

THE LATE EIGHTIES

From the mid-1980s onward, Congress and some government agencies pro-
ceeded on the basis that global warming was real and must be addressed. Al
Gore, now a senator, frequently convened committee meetings to provide
a venue for top climate scientists to share their work with the public, on
the record. Wallace Broecker testified before a congressional committee in
1987, warning that his research pointed to the likelihood of a very abrupt
climate change in the near future. “I come here as a sort of prophet,” he said.
“There are going to be harsh changes.”!3 He asked for greater coordination
of research and funding, but the money was not forthcoming. In 1989, Cal-
ifornia’s representative George Brown, a longtime supporter of the science,
called the U.S. climate research program a “bureaucratic nightmare” and a
“failure.”1* Still, Congress crafted and passed a number of bills that addressed
carbon emissions and global warming. They even debated a carbon tax. There
was no way Reagan would sign on to that, but in 1988, Reagan put his signa-
ture on the Global Climate Protection Act. Unfortunately, because of signifi-
cant uncertainties in the science, the Act focused principally on proffering
more money for research, with little attention paid to policy.

The summer of 1988 was a scorcher—the hottest summer on record
in the hottest decade in more than a century. Sweaty Americans suddenly
remembered what they’d heard about global warming, reminded by their dis-
comfort and the numerous news stories focusing on the murderous heat. To
take advantage of this confluence of events, Senator Tim Wirth (D-Colorado)
of the Senate Energy Committee scheduled hearings on the greenhouse effect
and climate change for late June. To set the stage, and to make the hearing’s
message both a sensory as well as an intellectual experience, Wirth turned
down the air-conditioning in the hearing room. Outside, the city baked in
record high temperatures. Inside, the hearing room was sweltering. In this
“experientially appropriate” setting, James Hansen testified “with 99 percent
confidence” that a long-term warming trend was underway, caused by an
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enhanced greenhouse effect. Speaking with reporters afterward, Hansen told
them flatly that it was time to “stop waffling, and say that the evidence is
pretty strong that the greenhouse effect is here.”1>

The summer of ‘88 woke many Americans to what a warming climate
might bring. Hundreds of people died from the heat in the nation’s cities.
Stores ran out of air conditioners; water was rationed in both urban and rural
areas. Drought cracked the bone-dry soil over much of the country, especially
the agricultural Midwest. The level of the Mississippi River dropped so low,
barge traffic ceased. Many Americans were truly shaken by the extreme
weather. As one expert explained, “Whether regarded as a warning signal or
a metaphor of a possible future, the weather unleashed a surge of fear that
brought concentrated attention to the greenhouse effect.”!®

It is very likely that the summer of ‘88 convinced U.S. policy makers
that global warming was real and required a global response. That year the
United States joined with other nations to form the Intergovernmental Panel
on Climate Change (IPCC), which would periodically report on the science,
effects, mitigation, and policy implications of climate change.

In 1989, George H. W. Bush became president. A former oil man, Bush
was loath to propose or accept any policies that might put a crimp in oil
company profits. Yet in 1992, President Bush got Congress to approve $50
million for research into alternative energy (funding that was slashed 80
percent in 1995 by Congress under Newt Gingrich’s leadership).'” Though
his statements occasionally acknowledged the potential reality of global
warming, Bush played up the scientific uncertainties, constantly calling for
“more study.” In 1990, a leaked White House memo revealed Bush'’s notion
that the way to deal with global warming was continually to “raise the many
uncertainties about it.”1® However, Bush went to the Earth Summit in Rio
de Janeiro in 1992 and, along with everyone else, he endorsed the UNFCCC
(United Nations Framework Convention on Climate Change). The treaty was
passed by unanimous consent of the Senate later that year.

Almost simultaneously with the adoption of the UNFCCC, several con-
servative think tanks jointly produced a report emphasizing the uncertain-
ties in the science and making the case that a “variable Sun” was the cause
of observed warming. Though climatologists had shown that increased solar
radiation could not account for observed warming, these groups championed
this notion. The think tanks’ study was presented to President Bush, with a
note supporting the skeptics’ view. William Reilly, head of the EPA, argued
forcefully against the study’s pseudoscience and promoted a policy of man-
datory emissions reductions. Ultimately, Bush sided with the skeptics, and
emissions cuts were taken off the table.
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THE “SOUND SCIENCE” BACKLASH

Many conservative think tanks worked actively to undermine climate change
science. The George C. Marshall Institute initiated its climate change program
in 1989 to emphasize the uncertainties of climate science. The Global Climate
Coalition (GCC) was also created in 1989. Despite its name, which made it
sound “environmentally friendly,” the GCC was an organization of business
associations and corporations whose objective was to delegitimize climate sci-
ence. The intent was to eliminate at the source any information that could be
integrated into policies that might take a bite out of corporate profits. Among
its members were ExxonMobil and other oil companies, the Big Three auto-
makers, chemical industry groups and companies, the American Petroleum
Institute (API), the Western Fuels Association (WFA), and the U.S. Chamber
of Commerce. The GCC spent tens of millions of dollars in its attack on climate
science: public relations campaigns; congressional lobbyists; and hiring its own
“climate experts” to publicly debunk peer-reviewed scientific papers.

The GCC’s efforts were aimed at promoting “sound science” to instill
serious doubt about global warming by stressing scientific uncertainties.
“Sound science” is a rejection of the precautionary principle, which states
that people should not wait until every shred of scientific evidence is
established before taking action to prevent grave and irreversible environ-
mental damage. “Sound science” supporters insist on a higher burden of
proof—absolute certainty—before ideologically offensive scientific findings
are integrated into policy.

As explained by Chris Mooney in The Republican War on Science, the
name “sound science” seems to equate it with “good science.” “Sound sci-
ence” did not originate in the scientific community; it is a public relations
tool devised to promote business interests.!® Most people credit the tobacco
industry with perfecting the “sound science” argument. To quote a 1969
tobacco company memo, “Doubt is our product, since it is the best means of
competing with the ‘body of fact’ that exists in the mind of the general public.
It is also the means of establishing controversy.”? Then, as now, “sound sci-
ence” meant exaggerating scientific uncertainty to discredit a targeted field
of science in order to instill so much confusion and doubt among the public
that government regulations are not implemented.

In 1998, the New York Times published a leaked API internal memo that
illustrates special interests’ use of “sound science.” The memo emphasized the
need to spend millions of dollars to “maximize the impact of scientific views
consistent with ours with Congress, the media, and other key audiences . . .
Victory will be achieved [when] recognition of [global warming] uncertain-
ties become part of the ‘conventional wisdom.” ... [We need to] recruit and
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train [experts] ... who do not have a long history of . .. participation in the
climate change debate” in order to make our contrarian case.?!

Such tactics gained traction in large part because of the U.S. media’s
approach to reporting on global warming. Even some of the most respected
news outlets felt obliged to give industry-funded experts the same time and
attention as legitimate, peer-reviewed scientists. This “balance” was main-
tained even when it was known that 95 percent of working scientists accepted
the scientific validity of anthropogenic global warming; still, the dissenting
5 percent were presented as if they represented a numerically equal group
with a legitimate, scientifically based, opposing viewpoint. This highly skewed
“balance” increased public confusion about global warming. Further, while
media in Europe and elsewhere were reporting global warming as a crisis, the
U.S. media most often reported it as an unresolved, debatable theory.

CLINTON, GORE, AND GINGRICH

When Bill Clinton assumed the presidency in 1993, with Al Gore at his side
as vice president, environmentalists were optimistic that they would soon see
decisive government action on global warming. Gore provided the impetus
for most of the positive steps taken by this administration. In 1993, he per-
suaded President Clinton to publicly endorse the Climate Change Action
Plan, which committed the United States to GHG reductions stipulated by
the UNFCCC. However, Clinton’s actions on climate change were limited
to relatively inoffensive improvements in energy efficiency, which would
not begin to approach the targets set in Rio. Further, Clinton continued to
heavily subsidize the fossil fuel industry: Between 1992 and 2002, petroleum
and coal companies received $33 billion in subsidies, while the incentives for
alternative energy did little to energize the industry.??

In 1997, the negotiations taking place in Kyoto were on the verge of
collapse when Clinton sent Gore to Japan to try to salvage some type of
agreement. Gore had political savvy and was respected as the author of the
best-selling Earth in the Balance (1992), in which he argued persuasively
that the preservation of the global environment should be the organizing
principle of modern society. Gore and others saved the nearly stillborn Kyoto
Protocol, which mandated that developed countries agree to specific targets
for cutting their emissions of GHGs. In 1998, the U.S. ambassador to the UN
signed the treaty, but Clinton never submitted it to the Senate for ratification
for it surely would have gone down to overwhelming defeat.

Just a few months earlier, in July 1997, Senators Chuck Hagel (R-Nebraska)
and Robert Byrd (D-West Virginia) introduced a Senate resolution stating that
the United States would never ratify a treaty that required it to make emissions
reductions while not imposing the same strictures on developing countries.
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The resolution passed the Senate 95-0. Because the Kyoto Protocol did not
make equal demands for emissions reductions on both developed and develop-
ing countries, the Senate informed the president that it would refuse to ratify
it, if submitted. No argument about the difference in lifestyle and (current and
historical) fossil fuel use between the richest and poorest nations could sway
the senators. They felt that ratifying the treaty would give developing nations
an unfair economic advantage and be harmful to the U.S. economy.

The senators, like Reagan and Bush I before them and Bush II after
them, were wedded to the notion that economic growth requires increases
in energy use and, therefore, increased emissions. This idea is not supported
by U.S. economic history. Between 1973 and 1986, the U.S. economy grew by
30 percent—vyet energy use did not increase at all. If it were true that energy
use and economic growth are integrally connected, energy use should have
increased 40 percent during this period.?3 It did not, mainly due to ongoing
energy conservation measures implemented during the 1970s.

For more than a decade, the United States has used the inequity argu-
ment to reject the Kyoto Protocol. This argument ignores the fact that one
average American citizen emits the same amount of GHGs as 18 Indians
or 99 Bangladeshis.?* Though the United States emits 25 percent of global
GHGs and 34 percent of Annex I (developed nations as listed in the Kyoto
Protocol) GHGs, it remains the only developed nation that has not ratified
the Kyoto Protocol.

When conservatives took over Congress in 1994, led by Representative
Newt Gingrich (R-Georgia) and guided by his “Contract with America,”
environmental legislation became bogged down by the supporters of “sound
science” who now chaired key congressional committees. Among the most
visible and voluble was Senator James Inhofe (R-Oklahoma) who chaired the
powerful Senate Environment and Public Works Committee. Inhofe once
described climate change science as “the greatest hoax ever perpetrated on
the American people.”?> Inhofe’s most outspoken counterpart in the House
of Representatives was Dana Rohrabacher (R-California), who presided over
the House Subcommittee on Energy and Environment. Together, they would
demolish the scientific findings presented to their committees that even
hinted at the need for government action on climate change.

One of the first acts of the new Congress in 1994 was to abolish the OTA,
a thorn in the side of the “sound science” crowd. “Sound science” dominated
hearings on climate change that Rohrabacher convened in 1995. After hear-
ing out legitimate climate scientists, Rohrabacher brought in climate skeptics,
some of whom admitted to being funded by fossil fuel industry groups, who
played up the uncertainties in the science. Rohrabacher concluded that “the
more I've studied the issue [of global warming] the more I have come to
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believe .. .thatat best it’s nonproven and at worst it’s liberal claptrap . . . I think
that money that goes into this global warming research is really money right
down a rathole.”?¢ Funding for such research was drastically cut, as intended.

According to one analyst, any proposed climate bills “ran into the buzz
saw of denialism ... There was no rational debate in Congress on climate
change.” As Senator John Kerry (D-Massachusetts) described it, climate
change science was constantly questioned by “senators who parroted reports
funded by the API and other advocacy groups whose entire purpose was to
confuse people on the science of global warming. ... There would be ads
challenging the science right around the time we were trying to pass legisla-
tion. It was pure, raw pressure combined with false facts.”?’

GEORGE W. BUSH
During his 2000 presidential campaign, George W. Bush committed himself
to mandatory reductions in U.S. CO, emissions. However, only weeks into
his presidency, Bush reneged on this promise. He then withdrew the United
States from the Kyoto Protocol, refusing to submit the United States to the
dictates of “foreign science” (about half the IPCC’s 2,500 climatologists are
American).?® The announcements came on the heels of the 2001 IPCC report,
which stated that “most of the observed warming over the last 50 years is
likely to have been due to the increase in greenhouse gas concentrations,”
and predicted that at current rates of GHG emissions, global temperatures
could rise 5.8°C (10°F) within a century.?® Bush’s denial of global warming
was made even more problematic by the fact that the 1990s had been the
warmest decade on record. Also, beginning in 1997 with the defection of
British Petroleum, by 2000 the GCC had disbanded as, one by one, its mem-
bers accepted the reality of climate change and dropped out of the coalition.
Yet throughout the Bush II presidency, the “sound science” skeptics kept up
a campaign of misinformation targeted at both the Congress and the public.

The few climate change bills introduced before Congress were shot down
before they could seriously be considered or voted on. For example, the Climate
Stewardship Act, which would have significantly lowered GHG emissions, was
introduced in the Senate twice (2002, 2005) by its key sponsors (Senators John
McCain [R-Arizona] and Joseph Lieberman [D-Connecticut]). Both times the
White House pressured Congress to defeat the measure.

At the same time, the Bush administration strongly supported the fossil
fuel industry. Only a few months into the new administration, Vice President
Dick Cheney held closed-door meetings to formulate a national energy policy.
Until 2007, the list of people with whom Cheney consulted remained a secret
protected by “executive privilege.” When it was finally made public, the list
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showed that only 13 of the more than 300 groups and individuals consulted
represented environmental and alternative energy interests. The other 287+
consultants represented energy companies (e.g., Exxon, Enron), energy indus-
try groups (API, WFA, etc.), or right-wing conservatives (AEI, CEJ, etc.).30 The
policy that grew out of these meetings reflects the interests of the majority of
the attendees: Cheney’s energy policy, made public in mid-2001, recommended
that the United States fast-track construction of 1,300—1,900 new coal-burning
power plants over the next few years.3! When asked about the role of energy
conservation, Cheney said, “Conservation may be a sign of personal virtue, but
it is not a sufficient basis for a sound, comprehensive energy policy.”32

The administration also appointed industry representatives to head key
agencies. Thus, for example, former oil company lobbyist and nonscientist
Philip Cooney was named head of the Council on Environmental Quality.
Cooney came to represent all that was wrong with the administration’s atti-
tude toward science.

In 2002, the EPA issued a comprehensive report on the U.S. environ-
ment, including a climate change section that stated, “Continuing growth in
greenhouse gas emissions is likely to lead to annual average warming over
the United States that could be as much as several degrees Celsius (roughly
3°~9°F) during the 21st century.”3? Bush shrugged off the report as “bureau-
cratic” and asked EPA scientists to rewrite something more ideologically
acceptable. The White House became deeply involved in crafting the report’s
section on global warming. At one point, the administration attempted to
insert text taken from an API-funded study. When the final report was even-
tually issued, the entire global warming section had been excised.

Investigative reporters with the New York Times discovered in 2005 that
Philip Cooney had performed a final edit on the EPA report. The Times cited
one section in particular that was subjected to Cooney’s editorial skills. What
had read “Many scientific observations point to the conclusion that the Earth
is undergoing a period of relatively rapid change” was altered by Cooney to
read “Many scientific observations indicate that the Earth may be undergoing
a period of relatively rapid change.”3* The Times article elicited such outrage,
Cooney quickly resigned; a few days later he was hired by ExxonMobil.

The Cooney debacle broke the dam on the silence that had been main-
tained by the scientific community. Government agency scientists testified
before Congress about the pressure they had been under to distort their
findings so they would support the administration’s goals. Many had been
forbidden to speak to the press unless a political overseer, a White House
appointee at the agency, was present. All press releases related to new sci-
entific discoveries had to be cleared by similar political operatives. These
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conditions were imposed most heavily on climate change scientists. As James
Hansen explained, “In my more than three decades in the government, I have
never seen anything approaching the degree to which information flow from
scientists to the public has been screened and controlled as it is now. I am
referring specifically to climate change science that yields results of possible
public interest that would likely be interpreted as being relevant to policy
considerations on climate change.”3>

In response to the increasing politicization of science, in 2004 the Union
of Concerned Scientists issued a statement of Scientific Integrity that pro-
claimed the need for free and open inquiry and noncoercion in science. The
document was signed by 12,000 scientists, including 52 Nobel laureates and
62 National Medal of Science winners.

Yet meddling with climate science persisted. In November 2007, the
director of the Centers for Disease Control, Dr. Julie Gerberding, testified
before Congress on the health effects of global warming. It was quickly dis-
covered that her six-page testimony had originally contained 14 pages, but
eight had been deleted by the administration because they discussed the neg-
ative health impacts of climate change (e.g., the spread of tropical diseases).
When White House Press Secretary Dana Perino was asked about the dele-
tions, she said that the negative data were not supported by the IPCC 2007
report. This statement is false. She also said that the administration wanted
to emphasize the “public health benefits” of global warming, such as fewer
“cold-related deaths.”3® Why this benefit could not be presented along with
known risks was not explained. Some public health experts expressed con-
cern that refusing to acknowledge the health risks of climate change might
lead to failure to plan for the disasters (floods) and public health emergencies
(waterborne and tropical diseases) that might arise.

None of this had much impact on the Bush administration. For example,
Bush refused to join other world leaders in planning for a post—Kyoto treaty for
global reductions in GHG emissions. (The Kyoto Protocol expires in 2012.) UK
prime minister Tony Blair, a close ally, urged Bush to work cooperatively with
other nations to address this global crisis. “The blunt reality is,” Blair said, “that
unless America comes back into some form of international consensus, it is
very hard to make progress.” At one meeting convened to hash out a successor
to the Kyoto Protocol, the U.S. delegation stalled the proceedings by submit-
ting a list of conditions for its participation, including that “the future be barred
from discussion” and that the talks be limited to “existing national policies.”
These pronouncements reportedly left the other delegates “ashen.”3”

Bush rejected mandatory emissions reductions based on the assumption
that they would decimate the U.S. economy. The administration created a
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“greenhouse gas intensity” approach to emissions reductions. The concept
ties GHG emissions to economic growth. In this view, emissions are consid-
ered lowered if they do not grow as much as U.S. GDP (gross domestic prod-
uct)—even if actual emissions increase substantially. For example, if the U.S.
produced $1 million worth of goods one year and emitted 1 million tons of
CO, that year, its greenhouse gas intensity is $1 = 1 ton CO,. If the next year,
the U.S. produces $2.1 million worth of goods while emitting 2 tons of CO,,
it is said to have reduced its greenhouse gas intensity because its output (2.1)
exceeded its CO, emissions (2.0)—even though those emissions doubled.

Bush brought this “intensity” approach to the G8 (Group of 8 industrialized
nations) summit at Gleneagles, Scotland, in 2005. There, the U.S. representa-
tive had a statement that there is “increasingly compelling evidence of climate
change” deleted from the final report, and had inserted a statement that called
global warming a “serious and long-term challenge” rife with “uncertainties . . .
in the science.”® At the G8 Summit in Germany in 2007, Bush again rejected
both emissions reductions and a plan for a new treaty. Just prior to this meet-
ing, Bush made a major speech calling for a long-term series of major emitters
meetings (MEMs) between government and industry before any new treaty is
considered or any action taken to address global warming.

The Asia-Pacific Economic Cooperative meeting in Australia in Septem-
ber 2007 produced a statement of the group’s “aspirational” goal of reducing
GHGs—an ambiguous, nonbinding approach crafted largely by President
Bush, then Australian prime minister John Howard, and Chinese president
Hu Jintao. Later that month at a Washington, D.C., MEM, Bush again rejected
mandatory emissions reductions and sought to postpone substantive action,
though he expressed the hope that future technologies would solve the prob-
lem. He called for another MEM in late 2008. Most attendees were reportedly
“disgusted” by the U.S. approach. Said one, “This is a total charade. [Bush] said
he will lead on climate change, but he won'’t agree to binding emissions, while
other nations will. . . . It’s humiliating for him—a total humiliation.”3°

In December 2007, leaders from 190 nations convened in Bali, Indonesia,
to establish a road map for negotiations on a global climate treaty to replace
the Kyoto Protocol. Climate change mitigation was high on the agenda. U.S.
resistance to several points in the plan stalled an agreement until the wee
hours of the last day of the meeting. On U.S. insistence, a clause on manda-
tory GHG reductions was dropped from the official document and demoted
to a footnote. Though the United States has repeatedly embraced a techno-
logical solution to climate change, technology transfer was the final sticking
point. All other countries had agreed to substantial and verifiable technology
transfers to developing nations, but the United States refused. In the middle
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of the night toward the end of a marathon session, the U.S. delegation was
loudly booed by the other representatives in the room. A delegate from
Papua New Guinea stood up and told the U.S. party, “If you're not willing to
lead, please get out of the way.”*® The room erupted in cheers, and the U.S.
delegates left. A few minutes later they returned and agreed to the technology
transfer agreement. The Bali road map was saved.

ACCEPTING REALITY

Around 2005, more Americans began to recognize and accept the fact of global
warming; among the reasons for this were noticeably warmer temperatures,
increasing gas prices, the 2005 Amazon rain forest wildfires, and the greater
frequency of intense hurricanes—particularly Hurricane Katrina. Katrina’s dev-
astation of New Orleans opened the public’s eyes to the extreme weather events
climate change can bring and to the Bush administration’s inability to cope. Al
Gore’s enormously successful, Academy Award—winning film, An Inconvenient
Truth, further awakened the American public to the climate crisis.

Frustrated by federal inaction, states began implementing their own
emissions reduction policies to address climate change. In July 2002, the
attorneys general of 11 states wrote to the White House to formally request
that the administration “act now to reduce greenhouse gas emissions ...
[which would] spur private sector investment in renewable energy and
energy efficiency, and . . . lay the groundwork to avoid [the] potentially disas-
trous environmental, public health, and economic impacts of global warm-
ing.”#! The administration ignored the letter, so in 2003, the states’ attorneys
general filed suit against the federal government for failing to have the EPA
regulate CO, emissions under the Clean Air Act. The lawsuit ended up before
the Supreme Court, which found in the plaintiffs’ favor. The EPA would have
to implement CO; emissions reductions.

Yet again in January 2008, at least 14 states sued the EPA over its decision
to forbid states to impose auto fuel-efficiency standards higher than those set
by the federal government. The courts are expected to find for states’ rights
and the plaintiffs, but the lengthy litigation process will postpone implemen-
tation of state standards until the matter is legally settled.

Meanwhile, the U.S. State Department’s Climate Action Report, sub-
mitted to the IPCC in 2005, revealed a steady increase in overall U.S. GHG
emissions. U.S. total GHG emissions in 2004 had risen 15.8 percent since
1990. Carbon dioxide emissions increased by 20 percent during that period,
with fossil fuel combustion accounting for 94 percent of total CO, emissions.
Other GHG emissions (hydrofluorocarbons, or HFC, perfluorocarbons, or
PEC, sulphur hexafluoride, or SF¢) rose 58 percent during this time. Only
methane and nitrous oxide emissions fell (10 percent and 2 percent, respec-
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tively). The report projected an 11 percent increase in GHG emissions, based
on current administration policy, by 2012.42

CLIMATE CHANGE AND THE UNITED STATES

Scientists continued to report the latest findings on climate change. The
National Climatic Data Center (NCDC), part of NOAA, issued its monthly
and yearly reports on the U.S. climate. The NCDC reported that in the
United States and globally, 2007 had the hottest January ever recorded. The
years 1998-2006 are among the 25 hottest years on record in the United
States—a streak unprecedented in the U.S. historical record.*? In early 2007,
the NCDC reported that 2006 was the warmest year on record, with average
temperatures 1.2°C (2.1°F) above normal. Later in the year NASA corrected
this assessment, showing that the extreme El Nifio year of 1998 was 0.35°C
(0.8°F) warmer than 2006, though it admitted that 2006 was the warmest
non-El Nifio year ever in the United States. Further, the absence of El Nifio
underscores global warming’s role in the year’s extreme temperatures.**

Climate Processes

Several key climate processes affect the U.S. climate, among them the North
Atlantic Oscillation (NAQ), Arctic Oscillation (AO), El Nifio—Southern Oscil-
lation (ENSO), and what is popularly known as the jet stream, the midlatitude
air current that flows from west to east across the continent and the midlatitude
cyclones (storms) it carries with it. Global warming has created a persistent
positive NAO/AO pattern, with concomitantly lower air pressure over Arctic
regions. This has led to a northward shift of the jet stream, bringing warmer air
(from south of the jet stream) across a broader swath of the country. A noted
tendency toward more persistent ENSO-like conditions in the Pacific Ocean is
influencing precipitation patterns across the United States.

Observed Climate Changes and Effects

The effects of global warming on the United States have resulted in an overall
increased annual mean temperature across the continent, with the greatest
warming at night, and with the most extreme warming in Alaska. Between
1979 and 2005, average temperatures across the contiguous United States
rose at a rate of 0.3°C (0.56°F) per decade; average Alaskan temperatures have
risen about 1.8°C (3.3°F) per decade.*®

The U.S. growing season has lengthened by 10-12 days since 1950 due
to earlier spring warming. Over the same period, freshwater streamflow has
increased 25 percent in the eastern United States, but has declined at least 10
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percent in the West and Rocky Mountain regions. Spring and summer snow
cover has decreased markedly, and spring snowmelt has therefore declined
15-30 percent since 1950, while meltwater flows are occurring 1-4 weeks ear-
lier than in 1949. The fraction of precipitation over the Rocky Mountain states
that has fallen as rain rather than snow has increased 74 percent in the last
half-century. The western United States has also experienced more drought,
though water shortages are partly due to population growth and development.
U.S. sea levels are rising in accordance with the global trend, leading to loss of
coastal areas and greater property damage during storms, which have generally
increased in intensity.*® In the last half-century, incidents of severe rainfall (or
snowfall) have increased 26 percent across many regions, with increases of 50
percent in several northeastern states and in Louisiana.*’

A 2007 study showed that the Great Lakes have been shrinking, due
mainly to surface water warming arising from reduced winter ice cover. Lake
Superior, whose water level shrank 34 centimeters (13 in.) between 2006 and
2007, has experienced a rise in surface water temperature of 2.5°C (4.5°F)
since 1979. This rate of temperature increase far outstrips that in the region
overall. The Great Lakes have been losing depth at a rate of 10 millimeters/
year (0.4 in./yr.) since 1978, exacerbated by an increase in evaporation that
costs the lakes 4.6 millimeters/year (0.2 in./yr.) and compounded by a reduc-
tion in precipitation of 4.1 millimeters/year (0.17 in./yr.). If CO, emissions
continue unabated, climate models predict a decline of up to 2.5 meters
(8.2 ft.) in Great Lakes water levels.*8 Also in 2007, a NOAA report revealed
that Lake Superior had declined to its lowest level on record, dropping more
than 51 centimeters (20 in.) below average and 10 centimeters (4 in.) below
its previous record low. Lakes Huron and Michigan were about 0.6 meters
(2 ft.) below average, and other Great Lakes fell several inches below their
average levels as well.#

U.S. precipitation patterns have also changed, with precipitation more
often occurring in isolated heavy downpours punctuating abnormally long
dry periods. The Northeast experienced the greatest annual increase in pre-
cipitation (about 10 percent) between 1980 and 1999. The Southwest has
been most affected by annual precipitation reductions of 5-10 percent. Dur-
ing June, July, and August (JJA), the region of decreased precipitation extends
from the Southwest to the Appalachian Mountains and northward through
most of the country. JJA precipitation declines in this huge area range from
5-10 percent. Only in the Northeast and Mid-Atlantic regions has summer
rainfall remained fairly normal.>®

Since 1988, satellite data have confirmed that spring greening is occur-
ring 10-14 days earlier, and flowering plants are blooming 6—12 days earlier.
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Autumn leaf fall is also happening earlier, and leaf color change is weaker due
to increased atmospheric CO,. Some plant and animal species are migrating
northward or to higher altitudes as the climate warms. Warmer springs have
led to earlier nesting among 28 bird species, and several frog species are mat-
ing 10-13 days earlier than 100 years ago.>!

The U.S. forested area lost to wildfires has increased nearly sevenfold
since 1970. The western wildfire season has lengthened by 78 days in the last
30 years. Longer, drier, and hotter summers have also boosted the duration
of wildfires by between 7.5 and up to 37.1 days. Warmer temperatures have
benefited overwintering tree pests, such as the spruce budworm, which are
now decimating forests yearly instead of periodically. These losses are only
partly compensated by the overall increase in eastern forest growth of about
1 percent annually; southwestern forests are declining due to drought.>2

Agriculture has improved overall due to increased rainfall in some areas,
though more rain is falling during heavy downpours after longer periods of
dry weather.”® Between 1951 and 1998, heavy downpours and flooding cost
corn producers an average of $3 billion a year. Further, temperature extremes
reduce yields of corn and soybean crops by 17 percent for each 1°C (1.8°F)
abnormally high temperature increase during the more frequent heat waves.>*

U.S. Climate Projections

TEMPERATURE

Climate models are in general concurrence that, without significant GHG
reductions, average temperatures in the continental United States will rise by
2°—4°C (3.6°-7.2°F) by 2039; in Alaska, the rise will be steeper, likely reaching
4°-5°C (7.2°=9°F), but possibly hitting 7°C (12.6°F). Projections of temperature
increases to 2100 range from 2.5°-5°C (4.5°-9°F) for the lower 48 states to
between 4°C-10°C (7.2°-18°F) in Alaska, with most models predicting a warm-
ing of the far north of at least 7°C (12.6°F). The greatest warming in the far north
has been and will continue to be during December, January, and February (DJF).
DJF will also produce the greatest temperature increases through most eastern
and central U.S. regions. JJA will produce the greatest temperature increases in
the Southeast, Southwest, Midwest, and all along the West Coast.>®

PRECIPITATION
The projected warming of the U.S. climate is expected to be accompanied
by increasing precipitation over some parts of the nation. The Northeast will
experience the greatest increase in precipitation from about 5 percent (JJA)
to 10 percent (DJF) by 2100. However, some of the summer increase will be
offset by greater evaporation due to higher surface air temperatures.>®
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Higher temperatures will also increase evaporation from soil in large sec-
tions of the Midwest and the Southwest, and this loss of soil moisture (as well
as lower evapotranspiration) will likely reduce summer precipitation in the
more southerly parts of these regions by 15-20 percent. Projections indicate
that DJF precipitation may remain unchanged in most parts of the southern
United States, but decline in southern California and Texas. However, JJA
will bring reductions in rainfall over most of the country, with the exception
of the Northeast and Mid-Atlantic region. The greatest JJA precipitation loss
(10-15 percent) will occur in much of the Midwest, Southeast, Florida, and
parts of southern California.>” Research published in November 2007 shows
a worrying drying trend in the Southwest. All climate models analyzing pre-
cipitation patterns in this region concurred that there is a strong possibility
that growing aridity might well lead to severe multiyear droughts or even
return the region to the dust bowl conditions of the 1930s.%8

A 2008 study predicted even more serious water shortages in the South-
west. The researchers determined that Lake Mead, the vast reservoir behind
Hoover Dam, could run dry by 2021 unless climate change and water usage
are drastically curtailed. A similar prognosis was given for Lake Powell,
another reservoir for Colorado River water. The study found that, by 2021,
increased human demand, higher evaporation rates due to warmer tempera-
tures, and a 60 percent reduction in the snowpack that feeds the river are
creating a net annual deficit of nearly 1 million acre-feet of water from the
Colorado River. (The water lost could supply 8 million people.) Depletion
of the reservoirs would leave about 36 million people, from the Southwest
to southern California, without water. Depletion of the reservoirs may also
render the hydroelectric dams that buttress them nonfunctional by 2017,
leaving vast areas without electricity. One researcher said he was “stunned
by the magnitude of the problem and how fast it is coming at us.... It’s
likely to mean real changes to how we live and do business in this region.”
The researchers stated that even if water management agencies permanently
adopted drought contingency plans it might not be enough to ensure sus-
tainability of the resource, especially if the region experiences a period of
prolonged drought. The report concluded, “Today, we are at or beyond the
sustainable limit of the Colorado system. . .. This water crisis is a major soci-
etal and economic disruption in the desert southwest.”>?

Snowfall is predicted to decrease significantly as the climate warms and
as the onset of winter is delayed and spring arrives earlier. The Rocky Moun-
tains, especially, will experience widespread and significant reductions in snow
depth. By 2070, models indicate that in much of this region snow depth will
decrease between 25-50 percent.® Significant reductions in snow amounts,
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coupled with earlier snowmelt, are expected to have substantial effects on
snowmelt-dominated watersheds and spring river flows. Summer flows are
expected to decrease dramatically, so early spring flooding and low summer
soil moisture will likely predominate in this area. In a region already plagued by
over-allocation of water resources, reduced summer flows make the mountain
states—and the Columbia River system—highly vulnerable to water shortages
and similar problems resulting from altered precipitation and melt patterns.®!

In the central and southern parts of the nation, overwithdrawals and
decreasing soil moisture are expected to significantly reduce groundwater
recharge, with concomitant production losses in agricultural areas depen-
dent on irrigation. Recharge of the Canada-to-Texas Ogallala aquifer is
expected to decline more than 20 percent if surface air temperatures rise
2.5°C (4.5°F). Other aquifers, from the Midwest to Texas, will likely experi-
ence similar declines.%2

EXTREMES

Climate models show that over this century the United States will experience
more extreme temperature and precipitation events. Heat waves will become
dramatically more frequent and intense, while severe cold snaps will be rarer.
California is particularly prone to both extreme heat waves and extreme
drought. Precipitation extremes of 10 percent or more will also occur more
often in the winter in the northern Rockies, the Cascades, and the Sierra
Nevada, despite overall precipitation declines. In the Pacific Northwest,
extreme runoff (greater than 11 percent above normal) will contribute to
more frequent flooding.%3

Higher sea surface temperature (SST) will result in more intense storms,
such as hurricanes, as warm surface water feeds storm intensity. Loss of
coastal wetlands, more than half of which are gone and which continue to
be destroyed by development, will result in more severe and widespread
storm damage. Storm damage will be exacerbated by sea level rise, which is
projected to increase globally by at least 0.35 meters (1.15 ft.) by 2099. Higher
sea level makes coastal areas more vulnerable to storm surges and coastal
erosion. Computer models concur that there is a 95 percent probability that
higher sea levels and loss of coastal wetlands will lead to “more frequent
flooding at levels rarely experienced today.”®*

If Hansen’s albedo flip analysis of climate change comes to pass, global
sea level could rise 25 meters (82 ft.) or more in the next century.%® This
scenario would result in the inundation of much of the U.S. coast, drowning
significant parts of some of our major cities (San Francisco, New York, New
Orleans, Miami).%¢
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More intense storms will likely result in greater property damage and loss of
life. A report released by NCAR scientists in August 2007 revealed that warmer
seas will likely produce a greater number of hurricanes. Analysis of SST and
hurricane frequency since 1900 strongly correlated SST, which has risen 0.7°C
(1.3°F) since 1900, with the number of Atlantic hurricanes. Thus, 1900—-1930
produced an average of six storms (four hurricanes); 1930—1940 averaged 10
storms (six hurricanes); and 1995-2005 averaged 15 storms (eight hurricanes).
It is highly likely that this upward trend will continue as SST increases.®”

A report issued by NASA in September 2007 indicated that severe thun-
derstorms will become both more intense and more frequent, especially in
spring and summer in the Midwest and Southeast. The researchers found
that thunderstorms will be more violent, with a greater proportion produc-
ing destructive tornadoes. A warmer, moister climate will increase the speed
of the surface-to-air updrafts that generate thunderstorms from about 3.2
kilometers/hour (2 mph) today to as much as 32—48 kilometers/hour (20-30
mph) by 2100. The greater the updraft, the more powerful the storm and the
more likely it is to spawn tornadoes. On the bright side, the researchers found
that global warming will likely reduce the occurrence of wind shear, the hori-
zontal winds that also contribute to thunderstorm formation.%8

SOCIETY AND SECURITY

Climate change will have societal and economic impacts. The report,
“National Security and the Threat of Climate Change,” produced by a panel
of U.S. military generals and other high-ranking officers details the ways
environmental degradation arising from global warming could affect national
security. Extreme climate events could displace hundreds of thousands of
Americans for extended periods and might leave a large sector of the popula-
tion without homes or jobs. Domestic civil unrest might arise if Americans
citizens are faced with severe water shortages and food scarcity; the latter
might follow from severe floods or drought in agricultural regions, storm-
damaged infrastructure, and/or disrupted transport. International instability
could lead to fuel shortages that would cripple the U.S. economy.

Internationally, the greatest threat may come from increased instability in
developing nations, which will bear the brunt of climate change. Lack of water
and food in poor, overpopulated, and politically unstable nations has the poten-
tial to affect U.S. interests in terms of trade, energy resources (oil), and security.
Environmental stresses could well lead to geopolitical instability and cross-
border conflicts, possibly resulting in increased terrorist activity, civil or cross-
border wars over essential resources (water, food), and migration of hundreds
of millions of people away from environmentally degraded or uninhabitable
areas and out of regions where the economy has collapsed. The report recom-
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mends addressing climate change by immediately reducing GHGs and working
with other nations to prepare for potential geopolitical instability by developing
appropriate and coordinated responses to different types of crises.®

The economic costs of climate change in the United States revolve around
reduced agricultural output due to drought, extensive damage to infrastructure
(from extreme storms, floods, wildfires, etc.) and its effect on transport and
commerce, and the huge cost of rebuilding. Extensive infrastructure damage
could destroy businesses and prevent people from going to work, costing the
nation billions in lost GDP. If water levels in the Great Lakes fall sufficiently to
impede water transport, the economic losses could exceed $3 billion and cost
the region 60,000 jobs. To prevent economic havoc, governments at all levels
must take action in anticipation of predicted changes.”®

ADAPTATION AND MITIGATION
Adaptation

Climate change is occurring, and it is altering and will continue to alter
peoples’ lives. U.S. policy makers can choose to implement adaptive measures
cost-effectively before conditions deteriorate significantly, or they can decide
to wait until conditions are so dire that adaptation is forced upon them, but
at far greater cost once the damage is done. In other words, recognition of the
problem must precede adaptation for it to be preventative and cost effective.
The United States will have to adapt to the changes caused by global warm-
ing in much the same way as other nations. Fortunately, the United States has
the money it needs to adapt, provided that it has the political will to spend its
capital on adaptation in a timely fashion. Like other nations, the United States
will have to build levees or seawalls to keep the rising ocean from inundating
its coastline, particularly around major cities and ports. Two U.S. cities rank
among the world’s top 20 in population threatened by coastal flooding by 2070
(Miami, Florida; New York-Newark, New Jersey), and four U.S. cities rank in
the top 20 in terms of assets vulnerable to coastal flooding (Miami, New York-
Newark, New Orleans, Virginia Beach).”! The United States could reduce coastal
storm damage by restoring protective wetlands; however, this continues to be a
low priority. Even in hurricane-ravaged New Orleans, one football field—sized
swath of Gulf wetlands continues to be destroyed every 38 minutes.”?
Ensuring food security demands that the United States rein in the sprawl
that is devouring agricultural land. A 2007 report showed that, between 1973
and 2000, there was a 60 percent increase in suburban—and especially rural
exurban—sprawl.”? Food security also makes it imperative that Americans
develop drought-tolerant crop varieties that can thrive in the increasingly arid
agricultural regions of the Midwest and West. Agricultural specialists should
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also begin devising means of combating new species of invasive plants and
insects that could threaten our forests and food supply. If food scarcity or sky-
rocketing food prices becomes severe, agricultural land now given over to rais-
ing corn for ethanol production will likely have to be returned to food crops.

At some point, rising demand for shrinking water resources will force the
United States to impose some types of water conservation measures. Cities
in drought-prone regions must also implement serious water conservation
measures and emergency plans. In 2007, the Atlanta, Georgia, area experi-
enced its worst drought in 100 years. It was not until the lake that provides 5
million people with drinking water had only 66 days worth of water left that
local officials finally enacted water-saving measures.”* Water conservation
is particularly vital in irrigation-dependent agricultural areas. Flood con-
trol along rivers, limiting or prohibiting development on floodplains and in
wildfire-prone areas, and other measures will likely be required sooner or
later to prevent loss of life and property.

Adaptation should also entail strengthening or building alternatives to
existing infrastructure, especially the outdated electric grid and roads and
highways, which currently carry most goods and food. Alternative transport,
such as high-speed rail, is a viable backup to highways and a low-carbon
means of transporting people and goods.

Public health departments should be prepared to deal with new types of
tropical infectious diseases, as well as large numbers of people displaced by
extreme weather events. Towns and cities will likely have to expand weather-
emergency shelters, air-conditioned facilities for use during more frequent
and intense heat waves, and stockpiles of emergency supplies of food and
medicine.

These adaptive measures will require the type of huge investment only
the federal government can finance. It is primarily a matter of political will,
of facing the realities on the ground, and of reordering priorities to adapt
effectively to climate change.

Mitigation
So far, U.S. states and localities have been far more proactive than the federal
government in addressing global warming. The mayors of more than 300
municipalities have signed the U.S. Mayors Climate Protection Agreement.
Many states are mandating high automobile fuel-efficiency standards. Thirty-
one states have passed laws requiring that increasing amounts of energy come
from renewable sources.””> States are passing laws to cap GHG emissions,
while implementing tax incentives for renewable energy. They’re requiring
that new buildings be energy efficient and are offering incentives for install-
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ing alternative energy. They are helping local businesses and their employees
with programs that encourage residents to “buy local” and thus reduce the
huge carbon footprint resulting from long-distance transport of goods. They
are improving mass transit and buying only new buses and other municipal
vehicles that have hybrid engines. Even the Big Apple has its PlaNYC, a
30-year project to make New York City sustainable. Among other measures,
the plan provides incentives and financing for building new infrastructure,
making existing buildings energy efficient, and expanding public transit with
hybrid buses and taxis. The comprehensive plan has attracted huge invest-
ment from banks and brokerages that expect handsome returns on their
money because the plan is comprehensive, will boost the city’s economy by
creating jobs and cutting energy costs, and will generally improve the quality
of life in the city while cutting carbon emissions.

Many corporations, such as the members of the United States Climate
Action Partnership (US-CAP), are climbing on the mitigation bandwagon.
These corporations have undertaken programs to reduce their GHG emis-
sions. For example, DuPont began its climate change mitigation program in
1991, with the goal of reducing its GHG emissions 65 percent by 2010; it has
already achieved a 67 percent reduction in emissions and has saved about
$2.1 billion through energy efficiency and alternative energy.”® Since the
demise of the GCC, hundreds of corporations have pledged to reduce their
carbon emissions and make their offices and manufacturing processes more
energy efficient. Today, more corporations are asking the federal government
for guidelines on deep emissions cuts rather than for exemptions from them.
Unfortunately, the federal government has lagged behind both the public and
the business community in its mitigation response.

In December 2007, Congress finally passed a clean energy bill, which
was generally viewed as a small first step in the right direction. It provided
funding for improving the energy efficiency of existing buildings, funded a
program for training workers for jobs in the new “green economy,” promoted
increased use of biofuels (especially from Midwest corn), and set a renewable
portfolio standard for the percentage of electricity production to come from
renewables (15 percent). The bill raised auto fuel-efficiency standards to an
inadequate 35 mpg by 2020. The bill failed to extend tax and other financial
incentives that are sorely needed to invigorate the alternative energy sector.

The legislation’s apparent weakness is in part a result of legislators’
fears that a bold program for reducing GHG emissions will also reduce
GDP. As economic analyses make clear, there are costs associated with
climate change mitigation, but they are far lower and less painful if they are
made sooner rather than later. It is possible that citizens’ electric bills may
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rise temporarily, but this increase can be offset by providing subsidies and
implementing feed-in provisions that require electric utilities to buy the
electricity generated by alternative energy systems.

Fears of untenable economic costs also do not factor in the huge num-
ber of new jobs that would be created in energy efficiency and alternative
energy industries as the nation cuts its carbon emissions. A study issued
by the American Solar Energy Society showed that 40 million “green col-
lar” jobs could be created by 2030 if the United States commits itself to and
helps finance alternative energy and energy conservation. The new jobs,
which could account for 25 percent of the U.S. workforce, would be in engi-
neering and related fields, manufacturing, construction and related fields,
management, and accounting.”” A report issued by McKinsey & Co. in late
2007 showed that U.S. GHG emissions could be cut by 28 percent through
“negative cost opportunities” (cost savings), such as energy-efficient lighting,
heating, and cooling. An energy-savvy public that chose to buy more efficient
electronics would also significantly reduce carbon emissions. If tax laws, sub-
sidies, and emissions limits were added, the emissions reductions would be
far more dramatic.”®

A 2008 analysis of 25 leading policy papers on the economic costs and
benefits of climate change mitigation conducted at Yale University con-
cluded that reducing U.S. GHG emissions by 40 percent over the next 20
years would still lead to economic growth of 2.4 percent annually (U.S. GDP
growth has averaged about 3 percent per year in recent decades). Using cur-
rently available technologies, and with rising fossil fuel prices, even the most
pessimistic assumptions predict better economic growth with emissions
reductions than under a business-as-usual (BAU) scenario. The consensus is
that a 40 percent reduction in emissions, with extensive use of new technolo-
gies, would lift U.S. GDP to $23 trillion by 2030.7°

LAND OF OPPORTUNITY

The United States has enormous potential for mitigating climate change.
Experts point out that, so far, the United States has barely scratched the sur-
face of its alternative energy potential. Even before the United States reaches
full exploitation of alternative energy sources, it could achieve 100 percent of
its electricity and its total energy needs from renewables. Utilizing renewable
energy would significantly reduce U.S. annual CO, emissions; if alternatives are
fully exploited, by 2050 the United States could have a zero-carbon society.

An article in Scientific American laid out in great detail how building
solar photovoltaic (PV) arrays and concentrating solar power (CSP) collec-
tors on just 19 percent of the Southwest’s sun-baked (and soon-to-be-water-
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less) deserts (excluding sensitive ecosystems) could provide 69 percent of the
nation’s electricity needs (including transportation via plug-in hybrid cars) by
2050; adding in rooftop solar PV, wind, and geothermal energy would meet
100 percent of U.S. energy demand. The ability to run the entire nation from
solar power generated in the Southwest rests on exciting advances in high-
voltage direct current (HVDC) power lines, which are capable of carrying
electricity over vast distances with little energy loss. Improvements in com-
pressed underground energy storage would permit solar energy generated
during the day to be routed onto the HVDC grid at night. The $400 billion
in subsidies (less than current farm subsidies) needed to finalize this project
would be more than offset by cost savings in unneeded adaptation expendi-
tures, fuel, and electricity.80

The only thing that stands in the way of the United States’s development
of these resources is the political will needed to do it. Politicians must be
convinced of its importance by a vocal, committed, and determined pub-
lic—their constituents must make it clear that they demand that the country
undertake such a massive project to mitigate climate change.

In the 1960s, President Kennedy set out a bold vision for putting Ameri-
cans on the Moon by the end of that decade. To accomplish this, he initiated
the Apollo Moon Program, which enlisted the most brilliant, creative, and
talented Americans to work on the project. The Apollo Program cost a fortune,
but as an expression of America’s exuberant spirit and the determination to
do the “impossible” it generated enormous support among Americans. It was
a symbol of who Americans are as a people, of forward-looking optimism and
the confidence that the country could achieve anything it set out to do.

The challenge of climate change requires a similar effort undertaken
with the same spirit and determination. The Apollo Alliance, named for the
Apollo Program, is just one of several organizations that have formulated
a comprehensive approach to tackling climate change. The Apollo Alli-
ance calls for a $314 billion investment in alternative energies and energy
conservation over the next few decades to mitigate global warming. This is
a lot of money, most of which would have to come from the federal govern-
ment, but such an investment would add $1.4 trillion to U.S. GDP, increase
Americans’ personal income $954 million in aggregate, and add a total of 3.4
million jobs (compared to today’s figures). Significantly, the well-paying jobs
created—in renovating and weatherproofing existing homes; in construction
of new homes; in revitalizing and redesigning the electricity grid; in design-
ing, manufacturing, and installing alternative energy systems; in creating and
producing more efficient products (like cars) and technologies; in upgrading
and rebuilding our infrastructure; in developing and building new types of
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mass transit—can not be outsourced. The project is ambitious and the invest-
ment is large, but its cost is trifling when compared with the costs of adapting
to the changes global warming is certain to bring.8!

Such an undertaking should not only involve massive projects, but should
include those tried-and-true measures that help reduce the average person’s
carbon footprint. For example, the government could provide subsidies or tax
incentives for households buying rooftop PV, a small wind turbine, a hybrid
car, or energy-efficient appliances. The United States has an estimated 6-10
billion square meters (6.6—11 billion yd.2) of rooftops that could sport their
own PV systems.82 An 84 square meter (100 ft.2) south-facing rooftop with
PV panels could provide about 75 kWh of electricity per day, or 2,250 kWh
per month—far more than the average 877 kWh most families use. With
subsidies for installation and with feed-in provisions, in which the electric
utility is required to buy back excess electricity, a household could recoup its
investment and even begin making money on it within a few years.83

Some changes require no government help or money. If Americans
become more locally oriented, they can sharply reduce their impact on the
climate and improve their lives and livelihoods at the same time. For example,
on average, the food Americans eat is trucked 2,400 kilometers (1,500 mi.) to
supermarkets. A new breed of “locavores” is establishing local sources for food
and shopping more often at farmers’ markets, obviating the need for shipping.
Local, organic food producers use no fossil fuel-based fertilizers, often use
fewer fossil fuel-powered farm machines, and little or no fossil fuel-derived
plastic packaging.. National and international food systems release about five
to 17 times more GHGs, respectively, than local or regional food sources.8*

Then there is the touchy subject of consumption. By and large, Ameri-
cans are consumers. Too often, people buy things they neither need nor
want. And studies show that the things people accumulate do not make them
happy—in fact, the opposite is true.8> The more life is geared solely toward
work and acquisitiveness, the more miserable people become. So buying less
“stuft” may not only make people happier but will mitigate global warming
because all the things they buy are manufactured and transported with a
huge cost in GHG emissions.

For many people, the question of mitigation often comes down to “What
difference does it make what I do? How can one person make a dent in a
problem as huge as global warming?” It’s true that if only one person made
an effort then it would be useless. But if all individuals do what they can, col-
lectively they can have a significant impact on reducing CO, emissions and
keeping climate change in check. For example, if 100 million U.S. households
replaced just one incandescent lightbulb with a compact fluorescent light-
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bulb (CFL), we’d reduce our national electricity use by 118 billion kWh and
our CO, emissions by 91 billion tons over the life of the bulb. Each household
would also save about $1,200 on their electricity bill.8¢ There are many ways
people can reduce their CO, emissions, and many Web sites provide great
ideas for achieving significant reductions.8”

One expert explained, “We, the human species, are confronting a planetary
emergency—a threat to the survival of our civilization that is gathering ominous
and destructive potential. . . . But there is hopeful news ... we have the ability to
solve this crisis and avoid the worst—though not all—of its consequences, if we
act boldly, decisively, and quickly.”®® It is up to all of us to take action at every
level to see to it that future generations have a planet that can sustain them.
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BRAZIL: FUEL V. FORESTS

Brazil is crucial to the global climate because it is home to the Amazon rain for-
est—the “lungs of the planet.” If what is left is allowed to remain intact, the Ama-
zon, the largest rain forest on Earth (covering about 6 million square kilometers
[2.3 million mi.2]), will continue to be a carbon sink for between 100-300 mil-
lion tons of carbon per year.! Photosynthesis carried out by the countless trees
and plants in the dense forest absorbs enormous quantities of atmospheric CO,
(carbon dioxide), while emitting about 20 percent of atmospheric oxygen.2 As
global deforestation accounts for about one-quarter of greenhouse gas (GHG)
emissions remaining in the atmosphere, an intact Amazon rain forest is one of
the world’s greatest assets in mitigating climate change.

The Amazon rain forest—Amazonia—is the vast heartland surround-
ing the Amazon River, the second longest in the world, flowing about 6,566
kilometers (4,080 mi.) from its headwaters in the Andes to its mouth in the
Atlantic Ocean off northern Brazil. The Amazon’s drainage basin covers
more than 6 million square kilometers (2,722,000 mi.2), mostly in Brazil. The
Amazon River is formed by meltwater from (quickly disappearing) glaciers
high in the Andes Mountains and is fed by a vast web of more than 1,000 trib-
utaries, 17 of which are more than 1,609 kilometers (1,000 mi.) long. About
16—20 percent of the world’s freshwater flows through the Amazon delta.?

By far, the largest area of Amazonia is dense rain forest and a haven of
biodiversity that is home to millions of unique species, many still unknown
to science. Farther from the river along the higher elevations of its north-
ern and southern rim, the rain forest gradually melds into drier forest and
savanna; it grades into montane forest along its western border with the
Andes Mountains.

Amazonia’s climate is hot, humid, and rainy. Temperatures average
a fairly steady 26°C (79°F) with high humidity year-round. The rain forest
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receives about 274 centimeters (108 in.) of rain annually.* A good deal of the
rain arises from evapotranspiration of water from rain forest plants, so in a
way the Amazon rain forest maintains its own rainy climate.

The Amazon rain forest covers about half of Brazil, so it plays a huge
role in the life of that largely poor, though rapidly developing nation. Because
it is so vital to the global climate and to the Earth’s biodiversity, Brazilian
governments have been repeatedly beseeched and lectured to about the
importance of preserving the rain forest. The pressure brought to bear by
world governments, scientists, and conservationists has tended to make the
Brazilian government very touchy about the subject of Amazon preservation.
For the past few decades, therefore, the government has, for the most part,
politely but firmly told non-Brazilians that they will do what they think best
with their own rain forest.

Amazonia is rich in valuable hardwoods, such as mahogany, though log-
ging accounts for only 3 percent of rain forest destruction; most deforesta-
tion is due to cattle ranching (60 percent) and agriculture (30 percent). Since
the election of Luiz Indcio Lula da Silva in 2003, deforestation of the Amazon
has leveled off or decreased. Between 1990 and 2000, the Amazon rain for-
est lost about 25 million hectares (61.7 million ac.; about 0.4% of its area) to
deforestation. After increasing 32 percent between 1996 and 2000, the annual
rate of deforestation decreased from 2.86 million hectares (7 million ac.) in
2004 to 1.89 million hectares (4.67 million ac.) in 2005. Deforestation of the
Amazon dropped another 20 percent in 2006—2007.° President Lula (as he is
called) has pledged to decrease forest loss in Amazonia. Keeping this prom-
ise may become problematic for several reasons. First, despite its pledge to
reduce Amazon deforestation, the World Bank is financing construction of
industrial-scale slaughterhouses in the Amazon basin, where 74 million head
of cattle are raised—a number sure to increase to keep the slaughterhouses
busy. A vast swath of land in and around the rain forest would have to be
cleared to support such a huge number of grazing animals. Second, grow-
ing alternative-fuel crops to combat global warming is expanding into the
Amazon rain forest.

Climate Change in Brazil

CLIMATE PROCESSES
The South American and Brazilian climates are influenced by two major
processes: the South American Monsoon system and El Nifio—Southern
Oscillation, or ENSO. The jet stream that carries the South American mon-
soon has shifted southward, or poleward, tending to reduce rainfall in Chile
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and southern regions. The importance of ENSO’s influence on the South
American climate cannot be overestimated. Sea surface temperature (SST)
in the Pacific has a profound effect on rainfall patterns across the continent.
As evidence accumulates that ENSO-like conditions are becoming more
persistent, patterns of drought and flooding are changing. Persistent changes
in precipitation in South America may result in important ecological shifts in
many parts of the continent.

OBSERVED CLIMATE CHANGE IN BRAZIL

Average temperature increases in Brazil are less than those occurring in many
other parts of South America. As of 2005, average Brazilian temperature had
increased 0.5°C (0.9°F) over recent decades. Precipitation has decreased over
northern Brazil, while increasing in southern areas. In Amazonia during the
same period, average temperatures have increased 0.5°-0.8°C (0.9°-1.4°F),
with a warming trend of + 0.63°C (1.2°F) per century since 1900. Overall in
Amazonia, precipitation decreased 11-17 percent between 1949 and 1999;
the Amazon region’s mean temperature rose 0.08°C (1.6°F) during the 20th
century.®

Extreme events that are consistent with climate model predictions of
how global warming could affect Brazil have highlighted the urgent need
for mitigating climate change. In 2005, the Amazon rain forest experienced
an unprecedented drought. The dry weather resulted in widespread fires
in many parts of the parched rain forest. Some experts point to the abnor-
mally intense North Atlantic hurricane season as one cause of the Amazon
drought. Research indicated that so much warm ocean water was drawn into
the numerous, large North Atlantic hurricanes, less was carried over the
Amazon rain forest where it would normally bring rain. Another climatologi-
cal anomaly occurred in 2004 when Brazil was battered by the first hurricane
ever recorded in the South Atlantic Ocean.”

CLIMATE PROJECTIONS FOR BRAZIL

Based on current trends, temperatures in Brazil are projected to increase
from between 0.4°C to 7.5°C (1°-13.5°F) by 2080, with a median increase
of 3.2°C (5.7°F), and with the highest temperature anomalies occurring in
central Amazonia. The greatest Amazonian warming is expected to occur in
June, July, and August (JJA). Precipitation changes in Brazil are more uncer-
tain, with a few climate models showing a modest increase in rainfall (about 5
percent), while most others predict precipitation decreases of between 5 and
30 percent. In the Amazon, most models predict that overall precipitation is
expected to decrease, with the greatest loss in JJA; other models show a slight
increase for December, January, and February (DJF).8
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Higher concentrations of atmospheric CO, are related to alterations in
evapotranspiration and overall plant growth in the Amazon rain forest, and
thus affect precipitation patterns, especially in the northern rain forest. All
simulations show decreases in rainfall over Amazonia, primarily attributable
to persistent ENSO-like conditions that bring drought to the rain forest.
Some models show decreases in rainfall over the Amazon of up to 21 per-
cent annually; simulations that have incorporated vegetation and the carbon
cycle into their predictive models show significant vegetation dieback in the
Amazon rain forest due to reduced rainfall. As in other parts of the world,
both Brazil and Amazonia will experience extreme rainfall events, with pre-
cipitation occurring in violent downpours punctuating longer-than-normal
periods of little or no rain.?

Climate Change Impacts in the Amazon Rain Forest

Latin America is responsible for emitting only 4.3 percent of global GHGs;
of these, deforestation and land-use changes—particularly in the Brazilian
Amazon—account for 48.3 percent. Deforestation of the Amazon rain for-
est, if it continues at current or greater rates, will lead to the disappearance
of 25 percent (100 million hectares/[247 million ac.]) of the original forest by
2020; by 2050, 40 percent (270 million hectares [667 million ac.]) will be lost.
For each hectare of forest destroyed, 109 metric tonnes (120 tons) of CO, is
released into the atmosphere, and the drastic loss of photosynthetic carbon
uptake further increases long-term atmospheric CO, levels.19

Even slight reductions in rainfall are expected to cause a rapid and
severe loss of vegetation in 40 percent of the Amazon. This would have a
ripple effect on rainfall in the ecoregions surrounding the forest and would
result in the extinction of numerous plant and animal species. The greatest
species loss would occur in the northeastern region of the Amazon, which
would become savanna, a type of grassland. Meanwhile, a 2°C (3.6°F) warm-
ing in regions surrounding the rain forest, especially the Brazilian cerados
(savanna), would cause the extinction of 24 percent of 138 tree species by
2050, as the savanna became semiarid scrubland.!! A 2008 study showed
that under a business-as-usual (BAU) scenario, precipitation patterns over
the Amazon would change such that the rainy season would arrive about one
month later than it does currently. According to the computer model, most
rain forest vegetation would be unable to survive this one-month extension
of the dry season, and the extent of the Amazon rain forest would dwindle
by 70 percent by 2100.12

The threat of deforestation in the Amazon comes from many sources, in
addition to the ones cited above. Further expansion of agriculture into the
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Amazon rain forest will likely destroy two-thirds of the forest cover in five
major rain forest watersheds and 10 ecoregions, leading to the extinction of
more than 40 percent of the 164 mammal species studied.

One grave threat to the survival of the Amazon rain forest is the intrusion
of soybean farming into the forest. Soybean production—mainly for export
to the United States for livestock feed—is expected to rise by as much as 85
percent in the next decade or so, eating away at the Amazon rain forest.13 As
U.S. soy farmers turn increasingly to corn production for ethanol, soy prices
are rising dramatically. For the first time since President Lula took office, in
2007 the area of Amazon deforestation quadrupled, due mainly to clearing
for soybean plantations. In only the last five months of 2007, at least 3,235
square kilometers (1,250 mi.?) of rain forest were destroyed, spurred mainly
by skyrocketing prices for agricultural commodities. President Lula con-
vened an emergency meeting of his cabinet, which determined to increase
the presence of police and environmental officers by 25 percent to monitor
and, it is hoped, to halt the illegal deforestation.1*

Wildfires are projected to increase in intensity and duration as the cli-
mate warms. If temperatures in the Amazon increase by 3°C (5.4°F) above
their current level and rainfall amounts decline as expected, models predict
an increase in wildfire frequency of up to 60 percent as the forest dries out.
If temperatures rise more than 3°C, some simulations indicate a probability
that 40 percent of the rain forest could be devoured by wildfires.!> Such
massive burning would not only destroy the Amazon rain forest as a carbon
sink, it would emit millions of tons of carbon (from combustion) into the
atmosphere.

Energy, Ethanol, and the Amazon

A new threat to the rain forest has emerged as Brazil moves toward a fossil
fuel—free transportation sector. Ironically, it is Brazil's remarkable success
in production and use of ethanol—as a replacement for gasoline—that may
pose the greatest risk to the Amazon rain forest. In Brazil, ethanol is pro-
duced from the plant waste (bagasse) generated by sugarcane production.
Brazil began an intense ethanol production program in the mid-1970s, when
its economic growth was hammered by the huge hike in oil prices brought
on by the OPEC oil embargo. At the same time, world sugar prices plum-
meted, severely cutting into Brazil’s export revenues. This economic double
whammy prompted the Brazilian government to launch its National Alcohol
(ethanol) Program in 1975.

The government at that time (a military dictatorship) immediately
offered billions of dollars in loan guarantees at low interest for construction
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of ethanol production facilities. The state then set up its own ethanol trad-
ing program, promising to buy the ethanol at a generous, fixed price. Once
this part of the program was up and running, the state subsidized ethanol to
make it far cheaper than gasoline, giving it a huge competitive advantage. A
nationwide advertising campaign and the involvement of the state-owned
oil company, Petrobras, in large-scale ethanol purchase and distribution got
the program off to a running start. Within a few years, the government could
mandate that gasoline be blended with 20 percent ethanol for use in vehicles.
The program was a huge success, with ethanol production increasing more
than 500 percent between 1975 and 1979.1¢

Producing all the ethanol in the world would be meaningless if cars
and trucks were not capable of using it. So in 1979, the Brazilian govern-
ment signed agreements with major auto manufacturers (including General
Motors) to produce cars able to burn 100 percent ethanol. In only one year,
250,000 ethanol-only cars were on Brazilian roads; two years later, there were
350,000. By the mid-1980s, ethanol comprised more than half of Brazil’s
liquid fuel supplies.!”

By 2006, ethanol provided more than 40 percent of all vehicular fuel used
in Brazil, making Brazil first among nations in ethanol use. Brazil was pro-
ducing 4.4 billion gallons of ethanol from bagasse annually.!® By 2006, more
than 70 percent of new cars sold in Brazil were flex-fuel vehicles. The costs
of producing ethanol have dropped in Brazil to about $0.80 per gallon—the
lowest cost in the world, and way below the price of a gallon of gas. With the
government maintaining or improving its tax and credit incentives for pur-
chases of flex-fuel and ethanol-only vehicles, Brazil could soon become the
first nation in the world with a 100 percent ethanol transportation sector.!?

The ethanol industry has also created more than 1.8 million jobs in
Brazil and has kept the emissions from 1.44 billion barrels of oil out of the
atmosphere.20 As the world seeks solutions to global warming, the demand
for ethanol is increasing. Ethanol prices are reaching record highs, and the
Brazilian industry is reaping huge benefits from the price hike. In 2007, Presi-
dent Lula vowed to double Brazil’s production of ethanol within 10 years.?!
To date, there are 357 ethanol mills in operation, with 43 new facilities under
construction and 55 poised for approval.2?

THE DARK SIDE OF ETHANOL
Brazil is planning to expand its ethanol production by turning 101 million
hectares (250 million ac.) of mostly degraded pastureland plus about 91 million
hectares (225 million ac.) of savanna to sugarcane production for conversion
to ethanol. If all goes as planned, Brazil would produce 310 billion gallons of
ethanol annually—the energy equivalent of 205 billion gallons of gasoline.?3 If
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most of the cerado is turned to sugarcane/ethanol production, cattle ranchers
and farmers who currently make their living on this land will push farther into
Amazonia, clearing the rain forest to make way for cattle-grazing or subsis-
tence slash-and-burn agriculture. Industrial-scale soy farming may also be
forced off the land it currently uses and move into the Amazon rain forest to
continue or expand its lucrative production of soybeans for export.

Though some Brazilian officials have stated that the millions of hect-
ares of savanna and pastureland already set aside are more than enough to
produce targeted quantities of ethanol, it is likely that as global demand for
ethanol increases—along with its price—the incentive to convert more acre-
age to sugarcane/ethanol production will be hard to resist. Brazil has, as yet,
no plans for how to deal with those individuals and businesses displaced by
ethanol production.

So Brazil faces a quandary. As a substitute for gasoline, ethanol is a valu-
able tool for reducing GHG emissions. Yet ethanol production is predicted
to have devastating effects on the “lungs of the planet.” The Amazon rain
forest is crucial in mitigating the effects of global warming, and the forest has
a significant influence on Brazil’s climate, especially precipitation patterns.
It remains to be seen if Brazil can find a middle path that produces valuable
ethanol while preventing further destruction of the rain forest.

A TIPPING POINT?

In 2007, scientists who study the Amazon and its effects on climate began
talking about the forest nearing a tipping point, when damage to the rain for-
est is so severe it sets in motion an unstoppable cycle of self-destruction. It
appears to be happening this way. As Amazon rain forest trees disappear, the
rain they help create dwindles. Rain forest trees begin dying from insufficient
rainfall and higher temperatures, which leads to less water being released
into the air. Rainfall is therefore reduced further, and more rain forest trees
die. As larger areas of trees die, more sunlight strikes the normally deeply
shaded forest floor, which starts to heat up (releasing more CO, via increased
microbial activity) and dry out. As the rain forest dries, it becomes more
susceptible to fires, which kill more trees. Trees standing in the vicinity of a
clearing dry out and release less water (which further reduces rainfall), and
they, too, eventually die. Thus, a positive feedback is created in which regions
of dying rain forest expand until the forest is gone.

Outlook

Brazilian officials are, reportedly, taking the fate of the Amazon rain forest
more seriously, as a result of the devastating drought of 2005. It is beginning
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to dawn on them that loss of the Amazon would reduce rainfall through
much of Brazil, leading to food shortages and loss of export revenues. How
near a tipping point the Amazon rain forest really is, is still uncertain. Yet it
is a possibility that must be taken seriously. While the national government
is struggling to find a way to accommodate all its land-use needs while pre-
serving the rain forest, some local officials are formulating their own policies.
The governor of Amazonas announced in June 2007 that his government
would compensate farmers and indigenous people living in the rain forest for
“environmental services” to the ecosystem, including payments for avoiding
deforestation. The national government, too, has expressed interest in this
type of scheme, but it is hoping its “save the rain forest” compensation will
come from wealthy, industrialized nations.?* The feeling is that since the rain
forest is so crucial to the entire planet, all nations, especially rich, industri-
alized ones, should help pay for its preservation and compensate Brazil for
forgoing the use of its greatest natural resource.

AUSTRALIA: HIGH AND DRY

About 60 years ago, newly married Greg and Mary Russell stood on the steps
of the Catholic church in the town of Adaminaby and were showered with
confetti by wedding guests. The couple lived happily in the close-knit town
until 1957, when the government informed them that it was to be inundated
to create Lake Eucumbene, a reservoir for a water project harnessing the
Snowy River for hydropower and irrigation. Along with everyone else, the
Russells left, and they thought they’d seen the last of their beloved hometown.
In April 2007, however, they were once again able to mount the church steps
and walk the streets of Adaminaby. The town, which had been submerged
under 30 meters (100 ft.) of water since the late 1950s, was again exposed to
daylight due to the worst drought to hit Australia in 1,000 years. Nostalgic
former residents strolled through the dry, mud-caked streets and past the
dead, rotted trees, reminiscing about the good old days and wondering what
this unexpected revelation portended for their nation and its climate.2?

Much of Australia is naturally arid or semiarid. Though drought is not
uncommon in Australia, the current drought, which has lasted seven years,
is particularly severe in its longevity and intensity. In 2007, rainfall was down
90 percent in parts of Queensland, New South Wales, South Australia, West
Australia, and Tasmania. Record-low precipitation occurred in the central
tablelands—the outback—and in sections of adjacent states. By the end of the
year, most of southern Australia was bone-dry due to severe rainfall deficien-
cies (about 95% below normal).26
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Australians hoped that the mild La Nifia of 2007 would bring its usual
rains, but so far there is no relief in sight. Most Australian climatologists
wonder if the lack of La Nifa rainfall portends permanent drought arising
from climate change. Though no single drought is “caused” by global warm-
ing, computer models predict persistent drought conditions in large parts of
Australia that are consistent with the current dry conditions. Australia’s pro-
longed drought has already had devastating effects on the economy. Australia
is a major producer of cotton (down 60 percent from predrought years), rice
(down 90 percent), and wheat (down 40 percent).?’ Lack of wheat for export
has not only hurt Australia’s economy, it is a key factor in the worldwide
increase in the price of wheat-based food products, such as bread and pasta.
Australian farmers and their government are being forced to seriously recon-
sider a transition away from an agricultural export economy.

The Land and Climate of Australia

Australia, the smallest continent, is made up of enormous, flat plains. Only 6
percent of the land area is above 600 meters (2,000 ft.). Of the total landmass
(7,692,208 square kilometers [2,969,978 mi.2]), more than 75 percent is taken
up by the outback, the extremely hot, dry scrubland that covers most of the
interior. The vast majority of Australia’s population (about 20.7 million)
lives along the coast. With the exception of the northern and eastern coasts,
which get 1,000 millimeters (40 in.) or more of rain annually, the bulk of the
continent averages less than 500 millimeters (20 in.) of rain, and more than
one-third of the land scrapes by on a meager 250 millimeters (10 in.) or less.
Intense heat, with temperatures exceeding 38°C (100°F), is frequent during
the austral summer (DJF) in both the northern tropics and sere interior. In
any given summer, western Australia may suffer through heat waves exceed-
ing the temperatures cited above for 150 consecutive days or longer. Only the
island state of Tasmania, which is south of the continent and is influenced by
Antarctica, gets appreciable snowfall during the austral winter (JJA).28
Because of the heat and aridity, perpetually flowing rivers are nor-
mally found only in the southwest and eastern parts of the country (and
in Tasmania). The only major river system that waters other regions is the
Murray-Darling system, which flows from its headwaters in the eastern
uplands, across the parched plains, and into the Southern Ocean near Ade-
laide. All other rivers in Australia flow seasonally or intermittently, and the
rivers of the interior flow only episodically during the infrequent rains.?®
Australia’s climate is heavily influenced by ENSO. In non—El Nifio years,
the warm-water pool and high air pressure in the western Pacific bring rain
to the continent. Both El Nifio and the Southern Oscillation affect the trade
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winds and the monsoons that normally bring rainfall to many regions of the
country. During an El Nifo or a reversal of the Southern Oscillation, the
eastward shift of the warm-water pool and persistent low pressure leaves
Australia high and dry; 2006—07 was a moderate El Nifio year, which exacer-
bated Australia’s long-term drought. La Nifa (cool) conditions in the tropical
Pacific traditionally bring above-normal rainfall to Australia.

Climate Change in Australia

Climatologists state with a high degree of certainty that the drought condi-
tions currently plaguing Australia are a taste of how climate change will
transform the continent. Annual stream flow in the Murray-Darling basin is
now so low, the river peters out in the desert before reaching the sea. Overall,
river levels will likely decline another 20 percent by 2020 and 50 percent by
2050. Scientists recommend that the Murray-Darling basin, with its numer-
ous dams and irrigation systems, henceforth be managed as if significantly
low flows are the norm, not the exception.3°

The Murray-Darling is the lifeblood of Australian agriculture, much of
which has faced increasing soil salinization problems as a result of massive,
long-term irrigation. As early as 1994, Australians were withdrawing 77 per-
cent of the flow from the Murray-Darling. Much of that was for irrigation, but
the city of Adelaide, which drew 40 percent of its drinking water from the river
basin (and up to 90 percent when other sources dried up), was beginning to find
its river drinking water increasingly saline and unpotable. In 2007, farmers who
depend on irrigation from the river basin were cut off from their source when
all irrigation from the river was banned. A region that produces 40 percent of
Australia’s agricultural output and uses 85 percent of its irrigation water is fac-
ing financial disaster. Many farmers have simply up and quit, despite the AU$2
million a day in drought relief paid them by the central government. The loss
of agricultural productivity, as well as reductions in water use in other sectors,
has lopped about 1 percent from Australia’s GDP (gross domestic product).
The central government and the states are working together to institute a water
reform program for the future that will equitably parcel out the meager water
resources that are projected to be available.3!

Experts say that temperature increases of at least 1°C (1.8°F) in the next
25 years and 2.5°C (4.5°F) by 2070 will aggravate the water shortage problem,
as higher temperatures increase evaporation and reduce soil moisture, while
expanding desertification significantly reduces the amount of arable land that
can be productive without intense irrigation. Under a BAU scenario, coastal
regions could see temperatures rise as much as 5°C (9°F). The outback would
likely see a rise of 50 percent above that.32 The IPCC 2007 Assessment Report
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(AR4) predicts temperature increases of about 5.4°C (9.7°F) along the coasts,
up to 6.7°C (12°F) inland (to 800 kilometers [500 mi.]), and as much as 8°C
(14.5°F) in the Australian outback by 2080.33

Precipitation, which has already declined between 10 percent in east-
central and southwestern areas and 50 percent in eastern Australia over
recent decades, is highly likely to decline even further. The greatest reduc-
tions are expected in central and southern regions, where rainfall amounts
could fall another 20 percent.3* Other studies show that, by 2080, rainfall
losses could be a dramatic 50 percent in inland Queensland and up to a disas-
trous 80 percent along the western and southern coasts.3®

The combination of high temperatures and drought has turned much of
Australia into a tinderbox, which has been igniting with devastating feroc-
ity. In 2003 and again in 2007, wildfires consumed large areas of Australian
scrubland. In 2003 near Canberra, there was a wildfire with “plasma-like balls
of fire . . . towering 30 meters above the trees . .. with temperatures exceed-
ing 1,000°C (1,800°F) ... [so hot] they generated a wind that reached 240
km/hr (150 mph).” The 2003 fires charred more than 800 square kilometers
(497 mi.2) of bush; in 2007, scrub fires almost incinerated Sydney.3¢ Wildfires
are predicted to increase in frequency and intensity. Southeastern Australia
is expected to experience up to 25 percent more extreme fire days by 2020
and possibly 70 percent more by 2080. The fire season is very likely to extend
from summer into the early winter months.3”

Persistent drought, extreme heat, and more frequent and widespread
wildfires are likely to have negative effects on critical habitats for many of
Australia’s unique wildlife species. Its isolation from the rest of the world has
allowed many unique animals to evolve in Australia and nowhere else. Kanga-
roos, endangered koalas, and the weird but always fascinating platypus are just
a few of the animals that might face extinction as their habitats change due to
global warming. Despite their own need, Australians are considering allocating
some water for wildlife species in order to ensure their continued existence.

Australia’s coasts are vulnerable to ocean-related effects of global
warming in several ways. Sea level along Australia’s coasts has already risen
17 centimeters (6.7 in.) during the 20th century and is expected to rise 59
centimeters (23 in.) by 2100. SST will likely rise by 0.9°C (1.6°F) in the Tas-
man Sea and about 0.6°C (1°F) elsewhere. Australian scientists have already
documented a freshening of the waters in the Tasman Sea and the Southern
Ocean, which they attribute to observed melting of the West Antarctic Ice
Sheet (WAIS). Reduced salinity is changing the marine ecosystem off south-
ern Australia, and increased SST is having a dramatic, and potentially cata-
strophic, effect along the north Australian coast.38
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THE GREAT BARRIER REEF
Australia’s Great Barrier Reef (GBR), the longest continuous reef system in
the world, runs 2,100 kilometers (1,305 mi.) along the northern rim of the
nation. It has been protected as a national park since 1975 and is a UN World
Heritage site. Coral reefs are extremely sensitive to changes in SST, so global
warming could potentially destroy this vital marine ecosystem.

A reef is made up of coral animals, which are polyps that create their own
calcium carbonate cocoons. The cocoons adhere to one another to form a reef.
Coral polyps are filter feeders, but floating food is insufficient to support them.
Corals incorporate within their bodies numerous, minute algae, which create
additional nourishment for the coral via photosynthesis. Algae need sunlight
for photosynthesis, which is why reefs form within the ocean’s photic zone.

Coral reefs thrive in warm, shallow ocean water. When SST rises above
coral’s very limited level of tolerance, the algae within the coral die, leaving the
coral stressed and lacking normal color. This condition is called coral bleaching.
During the last strong El Nifo in 1997-98, reefs the world over suffered from
bleaching due to high SSTs. If a bleaching event is brief or the SST is not intoler-
ably hot, some coral reefs might eventually recover. Many cannot. In 1997-98,
coral reefs around the Indian Ocean and Red Sea experienced mortality of 90
percent or more, with nearly 100 percent bleaching. Coral reefs in Southeast
Asia and the Caribbean suffered 50—80 percent bleaching and 25-50 percent
mortality. On the GBR, all coral species were affected, with 30—80 percent
bleaching and 17—100 percent mortality, depending on proximity to the shore
and depth (with greatest die-offs within 6 meters [19 ft.] of the surface).?®

The loss of coral reefs will be calamitous for the oceans and for people.
Though no exact total has ever been calculated, experts have determined that
coral reefs house at least 2 million marine species; very likely 9 million spe-
cies depend on reefs for at least some part of their life cycle (particularly as
young).*0 Many of these reef-dependent species are commercially important
fish people rely on for food. When reefs become bleached or diseased (mainly
due to high SST and ocean pollution), their biodiversity plummets. When
reefs die, the species they support go with them. SST on the GBR has risen
0.4°C (0.8°F) during the 20th century. All eight recorded massive bleaching
events on the GBR have occurred since 1979, with the worst in 1998 and
2002. The latter event was followed by a 500 percent increase in disease
outbreaks on many parts of the reef. Research has shown that corals may
recover after a bleaching event due to an SST increase of 2°-3°C (3.6°—5.4°F)
above normal, but only if the high SST lasts less than four weeks. High SST's
that persist longer than that will result in reef death. Climate models indicate
that, in a moderate warming scenario (not BAU, which predicts an SST rise

113



GLOBAL WARMING

of up to 5°C [9°F]), SST along the GBR is very likely to increase 2°C (3.6°F) by
2100, with episodes of extreme summer temperatures significantly above this
threshold. They also predict a 10 percent likelihood of a “catastrophic” expo-
sure to very high SST for more than 100 days. Thus, annual bleaching, with
some degree of mortality, is predicted for the GBR due to global warming.#!

Some researchers have identified a few types of coral that have a greater
tolerance for warmer temperatures than others. It is possible, therefore, that
expansion of these species might keep some reefs alive, albeit with lower
biodiversity and with concomitant reductions in the diversity and abundance
of marine fish. The likelihood that most coral species will be able to adapt to
higher SST within the time frame that climate change will warm the seas is
considered highly unlikely; research has shown that corals have little capacity
for rapid genetic change. Overall, marine scientists predict that, as it takes
bleached reefs 10-50 years to recover, under current or worsening condi-
tions it is probable that today’s coral reefs, including the GBR, will soon be
dominated by noncoral organisms, such as macroalgae, by 2050. The effects
on marine biodiversity would likely be catastrophic.4?

Ocean acidification is another threat to the GBR. Corals use calcium car-
bonate to create the hard, protective cocoons that make up a reef. Reduced
availability of calcium carbonate is expected to hinder reef recovery after
bleaching events and inhibit reef growth overall.#3 Increasing concentrations
of carbonic acid in the oceans are also eating away at and destroying corals’
calcium carbonate shells. All in all, the GBR faces a very uncertain future that
might well bring about its demise.

A severely damaged or dead GBR would have significantly negative effects
on Australia. Australia’s commercial fisheries net about AU$145 million from
reef fish. Tourists visiting the reef added AU$2.4 billion (1999) to Australia’s cof-
fers. Scientists and policy makers have together determined that the economic
losses resulting from widespread bleaching and die-off on the GBR would cost
Australia AU$28.4 billion annually (from losses in tourism, fisheries, and ben-
efits associated with biodiversity).** The damage that loss of the GBR would do
to global marine biodiversity and commercial fisheries is incalculable.

Australia’s Response to Climate Change

Australians have responded quickly and cooperatively to the likelihood of a
water-scarce future. Countrywide water reform is being hashed out among
Australia’s states and central government, with all sectors of society partici-
pating in the negotiations and with nearly everyone accepting the economic
and lifestyle changes severe water shortages will bring. Some farmers may
have to give up their livelihoods in areas where irrigation is unrealistic or
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impossible. People around the country no longer water lawns, and many use
a three-minute egg timer when they shower; any household that uses more
than its allocation of water pays a fine. However, if the desalinization facility
in Perth fulfills its promise of using wind and ocean energy to run a plant
that desalts ocean water for human use, the water scarcity problem may ease
somewhat in the future.

Australians alone cannot do much to cool the oceans, but the govern-
ment has begun a Reef Water Quality Protection Plan that aims to reduce
other stresses on the GBR, such as pollution from runoff. Another initiative
will expand “no take” zones on the GBR to help maintain reef biodiversity.

The Australian government is also involved in funding research, devel-
opment, and construction of alternative sources of energy, particularly geo-
thermal and solar. The Australian outback is no doubt one of the sunniest
places on Earth, and a prototype concentrating solar power (CSP) project is
already in the works.

Outlook

Unfortunately, Australia’s defiant reliance on coal may negate all the benefits
that would otherwise accrue from using alternative energy. Because Australia
consumes so much coal, its citizens have among the highest GHG emissions
per capita in the world (27.54 tons of CO, per person).*> Australia was one
of only two developed nations that, until recently, refused to ratify the Kyoto
Protocol (the only holdout now is the United States).

This refusal is a direct result of its powerful coal industry and its enor-
mous coal reserves. Australia leads the world in coal exports, its most lucra-
tive commodity export, bringing in AU$24.5 billion in 2005, a 43 percent
increase over the previous year (due largely to exports to China).*® Australia
has 107 coal mines, employing about 30,000 people, that produce about 420
million tons of coal annually.*” Nearly all electricity is generated by coal com-
bustion. As of 2005, Australia’s GHG emissions weighed in at 559 million
tons—102 percent above its 1990 level. Half of its total emissions came from
coal-burning power plants. The Australian government proudly announced
that the 2 percent increase in GHG emissions occurred while the Australian
economy grew 61 percent.*® Though this clearly illustrates the benefits of
energy conservation, the fact remains that Australia is heavily dependent on
a fuel that is one of the most damaging to the climate.

Australia has a lot to lose from climate change—a dead reef and severe
water scarcity—but it also has unique attributes—the sun-baked outback—that
could make it a leader in solar electricity production. The government of John
Howard had been influenced by a powerful fossil fuel industry and eager to
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retain the economic benefits it reaped from coal exports. The 2007 national
election revealed how most Australians felt about Howard and his intran-
sigence in the face of global warming, such as his refusal to sign the Kyoto
Protocol or to set emissions reductions targets. Global warming was a key
issue in the race. The electorate ousted the Howard administration and turned
the government over to Kevin Rudd and the Labor party. In his first official
act as prime minister, the day he took office Rudd signed the Kyoto Protocol
and spoke of his firm commitment to fight global warming through aggressive
alternative energy research and energy conservation. At his first news confer-
ence, Rudd promised “action, and action now” on climate change.*

GERMANY: LEADER OF THE PACK

It might seem paradoxical that cloudy, cold, and heavily industrialized Ger-
many has become a leader in the fight against global warming. Germany is
one of the world’s largest exporters of manufactured goods and machinery,
has one of the world’s highest GDPs and standards of living, and, until fairly
recently, consumed growing amounts of fossil fuels to keep its economy
humming. Today, Germany is in the vanguard of renewable energy technol-
ogy. How did that happen?

Greens in Government

In the 1970s, environmentalists and antiwar activists joined together to form
the German Green Party (Die Griinen) to fight pollution and to put up an
organized front against nuclear power plants. They expressed their disen-
chantment with the German status quo by organizing demonstrations and
sit-ins and engaging in civil disobedience. They gained enough popularity
to encourage some party members to run for elected office. By 1983, a few
Green Party members won seats in the Bundestag (lower house of govern-
ment). The Chernobyl nuclear power plant disaster in 1986 gave the Greens
new impetus and support. When they added to their antinuclear platform
calls for reductions in acid rain—producing air pollutants (which were killing
the Black Forest), they gained a respectable percentage of the German vote
and increased their parliamentary presence.

In 1998, the Greens won a large enough percentage of the national vote
to form a coalition government with the Social Democratic Party (SPD) can-
didate Gerhard Schroeder. Backed by the Green Party representatives in the
Bundestag and from their perch atop the national government, the Greens
had enormous influence on government policy—especially environmental
policy.
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With the backing of Chancellor Schroeder, the Greens pushed forward
their environmental agenda, which included a phaseout of all nuclear power
plants in Germany, passage of the Renewable Energies Act, and other legis-
lation designed to reduce or eliminate pollution and replace nuclear energy
with renewable forms of energy, such as solar and wind power. The SPD/
Green coalition, which lasted until 2005, laid the foundation for Germany’s
leadership role in combating climate change through widespread use of
alternative energy.

SETTING THE STAGE

Germany was prepped for its renewable energy revolution by laws that were
passed soon after the coalition government took power. One law, for exam-
ple, mandated that businesses buy power from renewable sources first, before
turning to fossil fuel-generated power. Almost overnight, this requirement
greatly expanded the renewable energy market, and economies of scale began
to lower the cost of renewable energy. Another law guaranteed homeowners
who bought their own alternative energy systems (solar panels, small wind
turbines) that they could sell their excess electricity to the electric company
for a generous price that was fixed for 20 years.

The Germans understood that certain conditions had to be in place
for their aggressive and ambitious renewable energy policies to succeed.
These conditions have been written into law by the central government, and
include:

+ a comprehensive national energy strategy strongly supported by politi-
cians and citizens;

« financial incentives and fiscal policies that encourage the transition to
renewables. In 1999, the coalition government passed tax laws that raised
levies on fossil fuels and electricity generated by fossil fuels. The revenues
realized by these new taxes were used to support and expand alternative
energy industries. Growth in these industries soon produced 100,000
well-paying jobs. As the energy program progressed, low-interest loans
were provided for individuals and businesses wishing to install alternative
energy systems. Income tax credits were provided to alternative energy
companies and to their customers to encourage production and purchase
of these systems;

+ along-term commitment to alternative energy. The government clearly
set out its goals for what it wanted its country’s energy sector to be in the
future, and formulated policies to meet these alternative energy goals by
their target dates;
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« reliance on science as the basis for developing energy policy. The Ger-
man government formed a commission whose job was to provide the
scientific data that would underpin and guide energy policy, such as
evidence for the feasibility of various types of renewables;

+ creating technological standards that apply to the entire nation and
all players in the energy sector. By clearly elucidating the standards
that each industry had to meet, uncertainties regarding risk and unfair
competition were eliminated, as were risks associated with substandard
equipment and performance. Everyone played by the same rules, which
bolstered investor and consumer confidence;

» market access and stabilization through pricing laws that set a universal
price that electric companies must pay individuals and businesses who
sell excess capacity to the grid. Standardized pricing further eliminates
uncertainties and risks and encourages investment in renewables;

+ a commitment to the future. Germany was among the first nations to
recognize the seriousness of global warming for the future of people
and the planet, to embrace the Kyoto Protocol, and to adopt policies
that would significantly reduce its GHG emissions while moving toward
its ultimate goal of a zero-carbon economy. The billions of euros it has
committed to renewable energy research underline its commitment to
ongoing, future technological improvements in alternative energies.

Make no mistake, Germany has not eliminated its carbon footprint by
any stretch. Its GHG emissions in 2004 totaled a not insignificant 1.015 billion
metric tons (CO;.eq). Yet this figure represents a 17 percent decrease from
1990 and a 9.1 percent decrease in emissions in just one year (from 2003).
This is the greatest reduction in GHG emissions of all the original European
Union nations. Most of the reduction since 1990 came from households and
services (9.1 million tons) and electricity generation (3.9 million tons).>0

Making Renewables Worth It

Germany’s foray into renewable energy policy began with its feed-in law,
which requires electric utilities to buy the electricity generated by alterna-
tive energy systems. The utilities have to pay a guaranteed minimum price,
set by the government, for the renewables electricity fed into the grid. Price
payback is the key innovation in the law and is crucial to the program’s suc-
cess because it “internalizes” the costs of generating electricity rather than
“externalizing” these costs. One of the main reasons fossil fuel-generated
power is so cheap is because the real costs of producing it are externalized,
or transferred to society, rather than internalized, or included in the cost
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of electricity. The most obvious factor externalized by fossil fuel-burning
power plants is GHG emissions; the costs of adapting to climate change are
not factored into the price of a kilowatt hour (kWh) of electricity generated
by burning coal. So these costs are said to be externalized, even though they
will have to be paid by future generations.

The “feed-in law” makes utilities pay an amount per kWh of electricity
derived from renewables that aligns the true cost of both types of generation.
For example, the cost of generating 1 kWh of electricity from coal is about
$.04 cents, but the external costs are often as much as $.17 cents. So the
“real” cost of generating 1 kWh of electricity from coal is about $.21 cents. In
contrast, the more “expensive” alternatives have total costs of $.04 for wind
power and $.35 for solar, with almost zero external costs. In Germany, utili-
ties compensate users of these alternative energy sources to align their cost
with the “true” cost of coal-derived power.>!

This law makes it far more feasible and affordable for households and
businesses to install alternative energy systems. The price utilities pay for
renewable energy fed into the grid is guaranteed over a number of years
(though adjusted periodically based on the market) and in some cases can
cover 150 percent of the cost of installation within five years. In 2003,
Germany instituted its “100,000 Roofs” program, which provides very low-
interest loans or a large reimbursement to encourage people to install pho-
tovoltaic (PV) solar on their rooftops. The program added significant income
tax credits and other tax deductions for solar energy, making PV far more
affordable to a far wider segment of the population. Inevitably, the PV market
in Germany took off. All aspects of the program will continue until alterna-
tive energies achieve fairly comparable economies of scale that align their
cost per unit of energy with that of conventional, nonrenewable energy.>?

The “feed-in law” was incorporated into the Renewable Energy Sources
Act (2000, 2004), which set fixed compensation to be paid to any business or
household that switches to renewable energy. For example, as of 2004, any-
one who puts up a wind turbine receives about 9 cents euro (about $.14) for
every kWh of electricity it generates. People who opt for PV are compensated
46-57 cents euro (about $.69-$.85) for every kWh of electricity produced.
The act’s feed-in provision also provides compensation per kWh for energy
production from geothermal (about 7 cents euro [about $.11]) and biomass
(about 9 cents euro [about $.15]).53

Another crucial part of the program is government investment. Initially,
the German government invested more than 800 million euros (about $1.3
billion) in the alternative energy sector, mainly for research and develop-
ment. That amount has since multiplied severalfold. Its own investment and
the high uniform standards it has set attracted more than 9 billion euros
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(about $13 billion) in private investment in German alternative energy com-
panies in 2006 alone.>*

Germany is not content with being number one in solar power or hav-
ing the world’s largest PV solar system—its 10 megawatt (MW) Solarpark in
Bavaria. The government is currently supporting a massive and innovative
wave-energy project in the North Sea. The first commercial-scale project of
its kind, the grid-connected wave power station is expected to generate 400
MW of emissions-free electricity in the next few years.>

ECONOMIC BOOM

These programs have not only generated a huge demand for clean energy,
they have launched the German renewable energy industry to the top of the
world alternative energy market; its PV market is number one globally. At
least 240,000 jobs have been created in or because of the alternative energy
sector.”® The Germany PV industry’s global exports generated more than 800
million euros (about $1.3 billion) in profit in 2003; 2004 sales increased 60
percent to more than 2 billion euros (about $3 billion), and soared to 3.7 bil-
lion euros (about $5.5 billion) a year later. Global sales of German PV systems
are expected to experience double-digit growth every year for many years to
come.”” The remarkable success of Germany’s new energy sector attests to
the economic benefits that accrue to nations that embrace the global warm-
ing challenge that faces them.>8

Domestic wind power generation has grown from 6,104 MW in 2000 to
20,621 MW of installed capacity in 2006.°° Annual installed PV skyrocketed
from 12.6 MW of installed capacity in 1998, when the first laws were passed,
to 145 MW of installed PV in 2003. More than 100,000 PV systems were
installed in Germany in 2006 alone, adding 750 MW of electricity to the grid.
In total, Germany now generates more than 2,500 MW of electricity from
solar power.®0

Government support and its innovative policies have made Germany the
global hub of PV production. Hundreds of up-and-coming solar energy com-
panies from around the world, including many from the United States, are
building facilities in Germany, particularly in former East Germany. The cen-
tral government offers generous incentives to companies to locate in the for-
mer East Germany in order to boost employment there. It has helped create
technological research institutes, technical schools to train employees, and
generous research grants to the region’s universities. It has also put together
a package of financial and tax incentives to lure solar companies to the area.
Put all these incentives together and it’s an offer solar businesses can’t refuse.
The proliferation of solar businesses in the former East Germany has led to
a “cluster effect,” whose benefits were described by one solar entrepreneur.
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“The access to people, technology, and equipment is key to success. A new
company which is building its infrastructure can cut time to market by half
when it is located in such an environment.”®!

While other European nations are struggling to meet their Kyoto Pro-
tocol targets of 20 percent emissions reductions by 2012, Germany is on
track to reduce its GHG emissions by 45 percent by 2035.2 The amount of
electricity Germany gets from renewables increased from 6.3 percent in 2000
to 12 percent in 2006; 14 percent or more is expected by the end of 2007.
Germany’s alternative energy programs are so successful, it has increased its
target of electricity from renewables from a hoped-for 20 percent to a fea-
sible 27 percent by 2020. Energy conservation efforts are predicted to reduce
electricity demand by 11 percent by 2020.%3

Alternative energy use in Germany kept 100 million tons of CO, out of
the atmosphere in 2006. An expansion of current alternative energy laws that
was announced in 2007 would cut Germany’s GHG emissions by 250 million
tons by 2050 and reduce CO, emissions by 40 percent by 2020,

In terms of economic adaptation to global warming, by getting a jump
on alternative energy technology, Germany has already saved a great deal of
money. A 2007 economic report showed that using renewables has yielded
economic benefits to Germany of about 9 billion euros (about $13 billion) per
year, with about 1 billion euros (about $1.5 billion) in savings on fuel imports,
a decline in health and environmental damage worth about 3.4 billion euros
(about $5 billion), and a drop in electricity prices amounting to another 5
billion euros (about $7.5 billion).®>

Outlook

It is not an understatement to point out that its commitment to addressing
global warming through an ambitious alternative energy program has been,
and will continue to be, a win-win situation for Germany. However, there
is still some question about whether the German government can keep its
promise to shutter all nuclear power plants and still achieve zero carbon
emissions. It is also problematic that the current government is consider-
ing building several new coal-fired power plants (supposedly with carbon
capture technology). The coal plants are opposed by a large segment of the
German public.

And then there is the question of speed. Though most roadways in Ger-
many have some speed limit, vast stretches of the nation’s autobahns (super-
highways) have none. In October 2007, the German government proposed a
130 kilometer per hour (80 mph) speed limit on these no-holds-barred high-
ways. An association of German automakers protested, insisting that impos-
ing a speed limit would devastate the industry. Though most Germans drive
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small, fuel-efficient cars, and fully 60 percent support the speed limit as a way
to reduce Germany’s GHG emissions, manufacturers of luxury cars (Porsche,
BMW, Mercedes Benz) have balked at the regulations. Environmentalists
claim that the speed limit would reduce Germany’s CO, emission 5 percent
immediately and 15 percent in the long run.®® Though the measure passed
the legislature, pressure from the auto industry has given the German gov-
ernment pause. It is unclear if the speed limit will be imposed. For the time
being, Germans will continue to enjoy their 120-mile-per-hour road trips.

CHINA:THE DEVELOPMENT DILEMMA

For years, China has had the distinction of having the world’s fastest grow-
ing economy, with GDP increasing at an astounding 10.7 percent per year.
In 2006, China became world number one in another, less enviable category.
So rapid is China’s growth and so insatiable is its appetite for energy, in 2006
China overtook the United States as the world’s largest emitter of CO,, spew-
ing more than 6.2 billion tons of CO; into the air.6” China achieved this dubi-
ous distinction because its economy is fueled by coal, a highly polluting fossil
fuel, which it both imports and mines from its own vast reserves. In the years
prior to 2007, China was building one new coal-burning power plant every
week. Because of its seemingly limitless need for energy, by 2007 China was
constructing two coal-powered plants per week. No wonder that at that rate of
energy production, China became the world’s number one CO; emitter.

China is not unaware of climate change and has taken steps to address
it. At the same time, the Chinese government has decided that its principal
obligation is to its 1.32 billion citizens, many of whom are poor. Thus, the
government is promoting rapid development to improve their standard
of living. From the 1980s to the present, everything has been dedicated to
that goal. This focus has paid off in some ways; for example, the per capita
income (as a percent of GDP) of the typical Chinese citizen has risen to about
$2,034 (2006).%8 Though this may seem paltry by U.S. standards, it is a vast
improvement for the billion plus Chinese who only a decade or so ago lived
in poverty.

China is the behemoth among developing nations (with India a close
second), and its leaders insist that it has the right to raise its citizens’ stan-
dard of living to one akin to that enjoyed in the West, particularly the United
States. Tens of millions of Chinese (some say more than 120 million) live in
poverty. Millions more have been lifted out of poverty but still earn about $2
a day (due to low wages in China’s vast export industries). Slowly but surely
standards of living are rising, and the Chinese government credits its laserlike
focus on development for this achievement.
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Of course, Western industrialized nations achieved their enviable life-
style by burning fossil fuels to grow their economies. Thus, in the view of
China and other developing countries, global warming is a crisis created by
developed nations, so they should be the countries that make the sacrifices
needed to address it. In this view, it is grossly unfair for developed nations to
criticize China for doing what it must to create a better life for its people. This
is a dilemma that raises some difficult questions: How can people in advanced
nations deny the comforts of affluence they take for granted to ambitious and
hardworking Chinese? On the other hand, how can Western nations stand
by and watch a billion people aspire to and possibly achieve a Western life-
style if that entails adding such enormous quantities of GHGs to the air that
catastrophic climate change is assured? In the name of global fairness, should
people in Western nations scale back their lifestyles so that the Chinese, and
people in other developing nations, can live on a par with them? How does
China balance development and climate change, and what is the West’s role,
if any, in helping reconcile the two?

AMERICAN IDOL
“I get dizzy when I look at shoes,” says one successful Chinese entrepreneur, as
he gazes longingly at the swank Italian footwear in the store window. Then he
glances at his $50,000 watch and apologizes for having to rush off to a business
meeting.% He gets into his $1.2 million chauffeured stretch limo and disap-
pears into the hurly-burly of Beijing’s car-choked, smog-dimmed roads.

It was not so long ago that this scene would have been unimaginable in
Beijing, the home of China’s autocratic and once fiercely anticapitalist com-
munist government. Yet in the past two decades, China has embraced its own
brand of capitalism, which has produced more than 300,000 millionaires with
a collective worth of over $530 billion.”? Actually, “embraced” does not do
justice to the single-minded intensity with which the Chinese government has
promoted capitalism as the way to improve the lives of its people. The lightning
speed with which China has industrialized has vastly enriched some, improved
the lives of many, and left some behind as income inequality grows. It has also
taken an enormous toll on the Chinese (and global) environment.

SOME FACTS ABOUT THE BOOM

Energy and Industry

Chinese coal consumption is increasing by about 8 percent annually.
Between 2001 and 2006, world coal combustion increased 30 percent, with
China representing 72 percent of that increase.”! Little wonder that China is
now the world’s largest emitter of CO,. Yet there is more behind these emis-
sion figures than simple industrialization.
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Most Chinese industries use outdated, inefficient machinery and/or
production techniques. On average, China’s industrial energy efficiency is
half that of the developed world. Very few of the new coal-burning power
plants built in China use modern, energy-efficient combined-cycle turbines.
Instead most use older, inefficient processes because they are quicker and
cheaper to build. China now produces 35 percent of the world’s steel, but
uses 20 percent more energy per ton than the world average. China makes
half the world’s cement, but uses 45 percent more power to do so. Chinese
ethylene producers consume 70 percent more power than similar industries
elsewhere.”> China’s paper manufacturing process uses twice as much water,
and its coal-based production of ammonia for use in the textile and fertilizer
industries guzzles 42 times more water than similar processes in the West.”3
New power plants and industries sprout like mushrooms in China, but nearly
all are wasteful in their use of energy and resources. The Chinese government
is aware of this but claims that the pressures of rapid industrialization out-
weigh serious pursuit of more efficient production methods.

Population Pressures

Though China is the world’s most populous country, the government’s one-
child-per-family policy has reduced its population growth rate to only 0.6
percent. Ironically, though fewer babies are being born, more households are
being established—albeit with each containing fewer members (3.5 on aver-
age). The number of households in China has been growing by more than 3
percent per year since the 1980s. As is true everywhere, each household con-
sumes more energy and resources and takes up more space than its members
would if they lived with more family members in fewer households.

For each of the past several years, China has built about 700 million
square meters (7.5 billion ft.2) of commercial and residential space—more
floor space than all U.S. malls combined. Few if any of the new housing
units are constructed with thermal insulation, so Chinese homes use about
twice as much energy for heat as homes in the West.”* More households also
increase demand for more household goods. For example, 34,000 times more
washing machines are being manufactured in China today than in 1985.

As living standards rise and each household’s wage earners bring home
more money, they are demanding a lifestyle upgrade. The increasing num-
bers of Chinese who can now afford it are demanding meals that include
meat (beef). Time was when most Chinese got by on the occasional portion
of pork. No longer. The demand for a Western-style diet that includes lots of
dairy, eggs, and beef has increased severalfold in the last decade. Because it
takes 4.5-9 kilograms (10-20 Ibs.) of plant matter to produce one pound of
meat, this diet is straining Chinese agriculture to the breaking point.”>
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Urbanization, Agriculture, and Cars

Urbanization has increased sevenfold in China since 1953, with more than
half a billion people now living and working in the overcrowded industrial
cities along China’s southern coast, particularly in Guangdong Province near
Hong Kong.”®

With fewer people left in agricultural areas, more intensive agriculture is
required to feed the growing urban population. Only 14.8 percent of China’s
total landmass is arable.”” In an effort to maximize food production per acre,
China has become the world’s largest producer and consumer of synthetic
fertilizer, accounting for 20 percent of global fertilizer use, using three times
more fertilizer per acre than the world average. Chinese farmers are number
two in the world in pesticide use.”® Still, poor agricultural practices and over-
all environmental degradation are shrinking what arable land there is.

As many Chinese enjoy higher standards of living, they naturally begin to
demand the goods that go along with a more affluent lifestyle. Increasingly,
automobile emissions are becoming a serious problem throughout China, espe-
cially in its cities, and are adding to the nation’s ballooning GHG emissions. In
1990, there were just 1 million cars in China; by 2004, that number skyrocketed
to 12 million; today, 2.4 million new cars roll onto China’s roads every year
(new highways are also eating away at farmland). As one Chinese environmen-
tal expert stated, “If each Chinese family had two cars like U.S. families, then
the cars needed by China—something like 600 million vehicles—will exceed all
the cars in the world combined. That would be a disaster for mankind.””? Still,
Chinese officials have decided to make auto manufacturing a “pillar” industry,
or one they will work to see expand more than fourfold by 2010.

Here, again, is the dilemma. Who is to say that increasingly affluent Chi-
nese people should not own cars—something Westerners feel they cannot do
without—because the atmospheric burden of the additional CO, would tip
the world toward climate disaster? How can burger-buying Westerners scold
the Chinese for wanting to eat more meat, even though beef is overtaxing
China’s limited agricultural capacity and forcing the nation to become a food
importer in a world facing increasing food scarcity?

Environment on the Edge

China’s northern plains are its breadbasket, despite the fact that they have
a harsh, drought-prone climate. Since records began (300 c.E.), dust storms
arose on the plains about once every 31 years. This average held until the
1950s; from 1950-90, intensive agricultural practices reduced the interval
between dust storms to once every 20 months; since then, dust storms rage
yearly. Intensive agriculture and overgrazing of cattle are destroying about
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155,388 square kilometers (60,000 mi.2) of Chinese cropland every year, yet
demand for food grows.8 The range of the dust storms has expanded as well,
frequently blanketing Beijing in a layer of dust. The government’s response
has been to plant a huge, forested windbreak around the northern boundary
of the capital to trap the dust before it descends on the city.

What remains of China’s arable soil is deteriorating at an alarming rate.
More than one-quarter of China’s land area is degraded due to desertification
from overgrazing. On the northern grasslands, erosion is claiming billions of
tons of topsoil every year; about 70 percent of the arable land on the Yellow
River plateau has been severely eroded in recent decades. Despite the huge
inputs of fertilizer, the soil in many of China’s formerly arable regions is so
depleted of nutrients that beneficial earthworm populations have declined
more than 50 percent. Today, there is only one hectare of cropland (includ-
ing marginal land) per person in China—half the world average.8!

WATER

Though China has notoriously terrible air pollution that takes the lives of
thousands of people annually, it is the nation’s water scarcity that may prove
to be its undoing. Throughout its history, China has been a water-poor
nation, and today its per capita water supply is only one-quarter the world
average.®? China’s water is also unequally distributed, with the agricultural
north having just one-fifth the water resources of the industrial south. Yet
so ravenous is China’s thirst for water for its industries and cities, even the
south suffers severe water shortages (as well as dreadful drinking water qual-
ity due to untreated effluent and sewage spewed into waterways by industries
and cities). Today many southern cities draw groundwater for everyday and
industrial use, yet the huge demand is depleting the aquifers. As coastal
aquifers are drawn down, seawater intrudes into them and makes them too
saline for human use. On the agricultural plains of the north, withdrawals for
irrigation have lowered groundwater levels 1.5 meters (5 ft.) per year since
the mid-1990s; 70 percent of the crops grown in this region (which produces
40 percent of China’s agricultural output) depend on irrigation from ground-
water sources that are disappearing.83

If the current water scarcity problem is acute, it is on course to get far
worse. In coming decades, urban water demand is expected to increase four-
fold, while industrial demand will rise fivefold, and the agricultural sector,
which already consumes 85 percent of China’s surface and groundwater, will
require an even larger percentage as the population demands more food and,
especially, more meat. Obviously, something has got to give, as a finite (and
declining) amount of water cannot meet all the demands Chinese society will
put on it.3%
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China is home to two of the world’s great rivers—the Yangtze and the Yel-
low Rivers—whose headwaters lie high on the Tibetan Plateau and flow west
to east across China toward the sea. Historically, these rivers have periodically
flooded and caused loss of life and property. Today, deforestation has so drasti-
cally reduced the land’s ability to absorb floodwaters, the annual flooding has
become catastrophic. Denuded land cannot hold soil, and the sediment that
washes into rivers during heavy rains and floods often silts them up so com-
pletely they cease flowing. For example, flow stoppages due to sedimentation
along the Yellow River increased from 10 days per year in 1988 to an alarm-
ing 230 days per year in 1997.8> Several smaller rivers no longer reach the sea
because they are so heavily utilized. Despite these conditions, the government
is proceeding with its monumental South-to-North Water Diversion Project
(an irrigation project costing $59 billion and scheduled to shift China’s surface
water resources north by 2050), which experts warn will destroy what is left of
the natural hydrology of China’s great rivers.

Deforestation, too, has been a major contributor to river siltation and
flooding. After the horrific floods of 1998, which affected more than 240
million Chinese, the government implemented a program of reforestation
and a total nationwide ban on logging. Though the reforestation program
involves only single-species tree plantations, it is still a step in the right direc-
tion. Unfortunately, the logging ban has forced China to become one of the
world’s leading importers of timber. Since the ban, imports of wood for the
paper and construction industries have increased sixfold. Much of China’s
wood imports come from tropical rain forests, especially those in neighbor-
ing Indonesia, Malaysia, and Papua New Guinea, but also from as far afield
as Brazil. China also imports a large amount of timber from the temper-
ate forests of Russia, New Zealand, Australia, and the United States. As a
newly inducted member of the World Trade Organization (WTO), China’s
tariffs on imported lumber will be cut from 20 percent to 2 percent, greatly
increasing timber imports. China is, in effect, conserving its own forests by
exporting deforestation to timber-exporting nations. This does not bode well
for poor countries trying to preserve their rain forests, which are so vital to
mitigating global warming.8¢

Observed Climate Change in China

The AR4 reports that average temperature increases of between 1°C-3°C
(1.8°-5.4°F) have been observed over the past few decades in China, with
the greatest increase in the north. Rice yields have fallen 10 percent for each
1°C (1.8°F) rise in temperature. (Higher temperatures result in floret wilt and
failure to set seed in rice plants.)”
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Northern and northeastern China are becoming drier, with more
frequent and severe droughts, while western and southeastern China are
becoming wetter, with more frequent and severe storms and floods. In recent
decades, a sevenfold increase in flooding has been observed. An additional
6.7 million hectares (16.6 million ac.) of the country have been affected by
serious drought since 2000, with a concomitant increase in dust storms.
Sea level rise has contributed to saltwater intrusion into groundwater along
much of China’s coastal plain.88

Scientists from the Chinese Academy of Sciences have recorded signifi-
cant losses of wetlands and freshwater lakes, which they attribute to warming
on the Tibetan Plateau. Wetlands have shrunk by 10 percent and 29 percent
on the plateau and along the upper reaches of the Yangtze River, respectively.
More than 17 percent of the smaller lakes in these regions have dried up. The
loss of freshwater has contributed to the observed flow reductions in both the
Yangtze and the Yellow Rivers.%°

High-altitude areas, like high latitude ones, are undergoing the most
extreme warming. The Tibetan Plateau used to have 36,000 glaciers covering
50,000 square kilometers (19,307 mi.2); in the past four decades the number
and extent of these vital glaciers have shrunk by 30 percent.?® The Tibetan
Plateau has been warming 0.3°C (0.54°F) per decade, 10 times the Chinese
national average. The winter of 2006—07 saw temperatures soar to 9°C
(16.2°F) above normal in some areas of the plateau.

Exceptional warming of the Tibetan Plateau has far-reaching and poten-
tially disastrous consequences for China (and much of Asia). Both the Yellow
and Yangtze Rivers arise from glacial meltwaters high on the plateau. These
glaciers have been melting at a rate of 131.4 square kilometers (51 mi.2) per
year for the last 30 years.°! A Chinese glaciologist who has been studying
the important Tianshan glacier reports that since 1993 it has lost 20 million
cubic meters (706 million ft.3) of ice; parts of it have been receding at a rate
of 5.9 meters (19.4 ft.) per year and losing 12 meters (39.4 ft.) in thickness
annually.®? In the next few decades (or perhaps earlier), China’s major riv-
ers could become seasonal, with no flow during the dry season. Up to 600
million people who live in these major watersheds may be faced with severe
water shortages; this number does not include those who would suffer from
attendant food shortages due to lack of irrigation water or whose livelihood
would be threatened as water-starved industries shut down.?3

Climate Change Projections

A 3°C (5.4°F) rise in average temperatures in China (or globally) will cause gla-
ciers on the Tibetan Plateau that are less than 4 kilometers (2.5 mi.) long to dis-
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appear by 2035. At current rates of global warming, the larger glaciers that feed
many of China’s major rivers are expected to shrink by 60—80 percent in com-
ing decades. As the glaciers shrink, the rivers that flow from them will become
increasingly seasonal; rivers arising from extinct glaciers will cease to flow.%*

The greater seasonality, reduced flow, and/or drying up of China’s rivers
are projected to have devastating effects on agriculture. Rice production is
water intensive, so agricultural demand for irrigation is expected to increase by
6-10 percent for each 1°C rise in temperature, due to increased evaporation,
even though less water will be available. The 10 percent decrease in rice yields
per 1°C (1.8°F) temperature increase will undoubtedly continue to reduce agri-
cultural output as global warming worsens. Agronomists have suggested that
China and other Asian nations switch to more heat-tolerant grains, such as
sorghum and millet, but “changing people’s food habits is very difficult,” and
Asians are strenuously resisting altering their traditional diet.®

Chinese scientists and government officials are aware of the problem.
One government-sponsored study showed that climate change could reduce
China’s grain harvest by 37 percent by 2050.¢ Another study revealed that
even though drought, erosion, and lack of irrigation are shrinking China’s
cropland, the nation will need an additional 10 million hectares (247 million
ac.) to produce another 100 million tons of grain to feed its projected popula-
tion of 1.5 billion by 2030.%7

Sea level rise is projected to be higher than the world average in coastal
China. Conservative estimates predict rises of between 40-90 centimeters
(16-35 in.), with a concomitant increase in coastal erosion extending up to
45 meters (148 ft.) inland. A 30-centimeter (12 in.) sea level rise is projected
to inundate 81,348 square kilometers (201,008 mi.2) of Chinese coastline. Sea
level rise of this magnitude would expand saltwater intrusion into aquifers by
1-3 kilometers (0.6—1.9 mi) farther inland.®®

Projected sea level rise would not only flood invaluable river deltas and
estuaries, which are vital marine nurseries, but would have devastating impacts
on some of China’s most economically productive cities. Saltwater intrusion
into aquifers would render many unusable by the teeming cities and countless
factories along China’s southern coast. Three of China’s most populous and
industrialized cities are listed among the world’s top 20 cities in their vulner-
ability to sea level rise. Guangzhou, Shanghai, and Tianjin will be home to more
than 112 million people by 2070, and this population will be threatened by
extreme flooding as sea levels rise and coasts erode. Further, actual inundation
and saltwater intrusion threaten the viability of these urban areas, which form
the hub of Chinese industrial wealth. Global warming’s environmental impact
on these cities will likely expose China to $6.4 billion in lost assets by 2070.%
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Mitigation and Response

China’s leaders do take global warming seriously, even if it is less of a priority
for them than economic development. A recent report revealed that Chinese
scientists and government officials are not only aware of the threat of global
warming, they are promoting large-scale programs for the development of
alternative energy sources.!® The effort includes restructuring the economy
to make it more energy efficient, increasing the amount of energy derived
from a wide variety of renewable sources, and promoting research into tech-
nologies to mitigate climate change.

China has made impressive gains in renewable energy, and in 2005 it
invested more money in renewables than any other nation, with a total of
$6 billion earmarked for renewable energy projects. In 2006, China was the
fifth largest installer of wind turbines, with a 170 percent increase in wind
power going online in only one year, and with a total output of more than
5,000 MW. Its goal is to have at least 30,000 MW from wind by 2020, and it
is on target to reach that goal. Chinese officials estimate that China has the
capacity to produce 1 million MW from wind (with 40 percent coming from
Inner Mongolia) when the resource is fully exploited. Dozens of wind farms
are sprouting in many of China’s breezier provinces.!0!

China has a booming solar energy industry that exports billions of dol-
lars in PV and other solar technology. Though the government has installed
hundreds of thousands of rooftop solar thermal units, the nation’s sunny
potential for solar has not been fully exploited, perhaps due to the high cost
of PV. China is, however, using biomass in power plants; as of 2007, eight
biomass-fueled plants have gone online, producing 200 MW of electricity.192
China is also leading the way on harnessing the energy of ocean waves and in
funding for research into carbon capture and storage. Its Near-Zero Emissions
Coal project has been tested and found capable of reducing 85-90 percent of
CO, emissions from coal-burning power plants. Large-scale implementation
of the technology is not ready but is expected in the next few years.103 Until
then, Chinese officials have taken steps to reduce electricity demand by ban-
ning incandescent lightbulbs in favor of energy-efficient compact fluorescent
lightbulbs (CFL).

Outlook

Though China is making progress in alternative energy, it has not stopped
construction of coal-burning power plants. In fact, its energy demand is
expected to double by 2030 (a yearly growth rate of 3.2 percent), and coal
will continue to provide about 75 percent of China’s energy, with attendant
increases in CO, emissions.104
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When the Kyoto Protocol was first hashed out in 1997, China was
grouped with other developing nations and largely excused from mandatory
GHG reductions. Ten years on, even Chinese officials can no longer main-
tain the fiction that China is a least developed nation on a par with, say, the
nations of sub-Saharan Africa. However grudgingly, Chinese officials have
admitted that their economic growth has raised them into the ranks of major
GHG emitters. They still insist however, with some justification, that China
is a developing nation with a large population living at or near the poverty
line. They point out that CO, emissions per capita in China are only 3.5 tons
annually—a pittance compared with the 20+ tons the average American
emits and the 10-ton carbon footprint of the average European.10>

Yet here again is the dilemma. China’s per capita CO, emissions are cer-
tainly a lot lower than those in developed countries, but developed nations
do not have a billion people living in them. China often argues for per capita
emissions parity, despite the fact that it knows that achieving that parity spells
climatic ruin. China is showing signs of losing patience with developed nations
that castigate it for its GHG emissions. Chinese officials have pointed out that
the millions of MP3 players and iPods™ that Westerners buy are made in China,
and the manufacture of each gizmo entails the release of 7.7 kilograms (17 lbs.)
of CO,. If developed nations really want to fight global warming, the Chinese
argue, maybe they should think about whether they really need to make and
market the countless products that Westerners are constantly told they have to
have and must buy. Maybe a moratorium on consumption is in order.

Every product China makes for export to the West adds CO,; to the
atmosphere. If Western capitalism must constantly create the desire for new
(and inexpensive) products and can survive only by turning citizens into
consumers, then China and the world are doomed. Various experts have
calculated that if China, India, and other developing nations hope to achieve
lifestyle and consumption parity with the West, we would need between
three and 11 more planet Earths in order to find the space and the resources
to make that possible. That is a dilemma.

1 G. Magrin, et al. “Latin America”” Chapter 13 in Climate Change 2007: Impacts, Adapta-
tion, and Vulnerability: Contribution of Working Group II to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University
Press, 2007, p. 604.

2 “Amazon Rainforest” Available online. URL: http://www.blueplanetbiomes.org/amazon.
htm. Accessed October 15, 2007.

3 “Amazon Rainforest”
4 “Amazon Rainforest”

5> Magrin, p. 590.

131



GLOBAL WARMING

6 Magrin, pp. 583, 588, 589.
7 Magrin, p. 585.

8 Magrin, pp. 603—604. See also J. H. Christensen, et al. “Regional Climate Projections”
Chapter 11 in Climate Change 2007: The Physical Science Basis. Contribution of Work-
ing Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge: Cambridge University Press, 2007, pp. 894—895.

9 Christensen, Projections, p. 896.
10 Magrin, p. 594.
11 Magrin.

12K. H. Cook and E. K. Vizy. “Effects of 21st-century climate change on the Amazon rainfor-
est” Journal of Climate 21 (2008), pp. 542—560.

13 Magrin, p. 595.

14 “Brazil vows to stem Amazon loss” BBC News, 3/19/07. Available online. URL: http://
news.bbc.co.uk/2/hi/americas/7207803.stm. Accessed March, 19, 2008.

15 Magrin, p. 596.

16 David Sandalow. “Ethanol: Lessons from Brazil” The Brookings Institution. Available
online. URL: www.brookings.edu/views/articles/fellows/Sandalow_20060522.pdf. October
19, 2007.

17 Sandalow.

18 Kelly Hearn. “Ethanol Production Could be Eco-Disaster, Brazil’s Critics Say”’ National Geo-
graphic. Available online. URL: http://news.nationalgeographic.com/news/2007/02/070208-
ethanol.html. Accessed October 15, 2007.

19 Sandalow.
20 Sandalow.

21 “Brazil in Ethanol Production Vow” BBC News. Available online. URL: http://news.bbc.
co.uk/2/hi/business/6566515. Accessed October 19, 2007.

22 Inae Riveras. “Brazil Ethanol Production Could Be More Efficient” Reuters. Available
online. URL: www.reuters.com/articlePrint?articleld=USN1731294420070118. Accessed
October 19, 2007.

23 Hearn.

24 Larry Rohter. “Brazil, Alarmed, Reconsiders Policy on Climate Change.” New York Times.
Available online. URL: http://www.nytimes.com/2007/07/31/world/americas/31amazon.
html. Accessed October 15, 2007.

25 “Drought Uncovers Australia’s Drowned Town! Brishane Times, 4/19/07. Available
online. URL: http://news.brisbanetimes.com.au/drought-uncovers-australias-drowned-
town/20071919-8. Accessed October 8, 2007.

26 Australia Bureau of Meteorology. “Rainfall Deficits Worsen Following a Dry September”
Available online. URL: http://www.bom.gov/au/climate/drought/drought.shtml. Accessed
October 8, 2007.

132



Global Perspectives

27 Fred Pearce. “Drought is the new climate for Australia as one of the world’s biggest sources
of food goes out of business.” Guardian Weekly, October 19, 2007, p. 5.

28 “Australia” Encyclopedia Britannica Online. Available online. URL: http://www.britan
nica.com/eb/article=45003. Accessed November 12, 2007.

29 “Australia” Encyclopedia Britannica Online. Available online. URL: http://www.britan
nica.com/eb/article=44996. Accessed November 11, 2007.

30 “The Big Dry” The Economist. Available online. URL: http://www.economist.com/
cfm?story_id=9071007. Accessed October 23, 2007.

31 “The Big Dry”

32 “New Projections for Australia's Changing Climate” Science Daily, 10/3/07. Available
online. URL: http://www.sciencedaily.com/releases/2007/10/071003130920.htm. Accessed
October 3, 2007.

33 K. Hennessy, et al. “Australia and New Zealand”” In Climate Change 2007: Impacts, Ad-
aptation, and Vulnerability: Contribution of Working Group II to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge Univer-
sity Press, 2007, p. 515.

34 “Climate Change in Australia” CSIRO, 2007, p. 5. Available online. URL: http://www.
climatechangeinaustralia.gov/au/documents/resources/summary_brochure.pdf. Accessed
October 8, 2007.

35 Hennessy, et al., p. 515.

36 Dan Drollette. “Storms of Fire” Cosmos Magazine. Available online. URL: http://www.
cosmosmagazine.com/node/782. Accessed October 23, 2007.

37 Hennessy, et al., p. 515.
38 “Climate Change in Australia,” pp. 7, 12.

39 Natalie Goldstein. Earth Almanac: An Annual Geophysical Review of the State of the
Planet. Westport, Conn.: Oryx Press, 2002, pp. 267-269.

40 “Great Barrier Reef 2050: Implications of Climate Change for the Australia’s Great Bar-
rier Reef” WWF-Australia, February 2004. Available online. URL: http://www.wwf.org.au/
publications/climatechangeGBR. Accessed October 25, 2007.

4l Hennessy, et al., p. 527.

42 Hennessy.

43 Hennessy.

4 “Great Barrier Reef 2050, pp. 82, 92, 145, 154.

4 Greenhouse Gas Emissions by Country. Available online. URL: http://www.carbonplanet.
com/country_emissions. Accessed December 11, 2007.

4 Australian Coal Association. Available online. URL: http://www.australiancoal.com.au/
overview.htm. Accessed October 8, 2007.

47 Energy Information Agency. Country Profiles: Australia. Available online. URL: http://tonto.
eia.doe.gov/country/country_energy_data.cfm?fips=AS. Accessed November 13, 2007.

133



GLOBAL WARMING

48 “Australia Steadies Greenhouse Emissions in 2005 Australian Ministry of the Environ-
ment. Press Release, May 2, 2007. Available online. URL: http://www.environment.gov.
au/minister/env/2007/pubs/mr/02may2007.pdf. Accessed October 8, 2007.

49 Rohan Sullivan. “Australia’s Rudd Gets Straight to Work.” Associated Press, 11/25/07.
Available online. URL: http://ap.google.com/article/ALeqM5iDob8T Wbvxm3S8FT
Onldgh7Eqy_AD8T54AJOO0. Accessed November 26, 2007.

50 Annual European Community Greenhouse Gas Inventory: 1990-2004, and Inventory
Report, 2006. Submission to the UNFCCC Secretariat. Available online. URL: http://
reports/eea.europa.eu/technical_report_2006_10/en/Annex_1_-%20EC_GHG_Inventory
_report_2006.pdf. Accessed November 26, 2007.

51 “Mainstreaming Renewable Energy in the 21st Century” Worldwatch paper 169, p. 13.
May 2004. Available online. URL: http://www.worldwatch.org/system/files/EWP169.pdf.
Accessed November 26, 2007.

52 “Mainstreaming,” pp. 28—29.

53 Fast Solar Energy Facts: Germany. Solar Buzz. Available online. URL: http://www.solar
buzz.com/FastFactsGermany.htm. Accessed November 26, 2007.

5% “Germany Leads Way on Renewables” Worldwatch paper 5430. October 2007. Available
online. URL: http://www.worldwatch.org/node/5430. Accessed November 26, 2007.

55 Rachel Anderson. “Germany: Green Beacon of Alternative Power” E Magazine, vol. 17,
no. 4, July/August 2006, p. 104.

% “Germany Leads Way on Renewables”

57 Sian Harris. “German Legislation Generates Photovoltaic Leadership” SPIE. Available
online. URL: http://spie.org/x17246.xml. Accessed November 26, 2007.

58 Sensational Renewable Energy Law and Its Innovative Tariff Principles. Folkecenter for
Renewable Energy Denmark. Available online. URL: http://www.folkecenter.dk/en/articles/
EUROSUN?2000-speech-PM.htm. Accessed November 20, 2007.

59 “Global Wind Energy Markets Continue to Boom—2006 Another Record Year” Global
Wind Energy Council. Press Release, February 2007. Available online. URL: http://www.gwec.
net/uploads/media/07-02_PR_Global_Statistics_2006.pdf. Accessed November 26, 2007.

60 “Feed-in Law Powers Germany to New Renewable Energy Record” Renewable En-
ergy Access. Available online. URL: http://www.renewableenergyaccess.com/rea/news/
story?id=4732. Accessed November 15, 2007.

61 Harris. “German Legislation”

62 “Germany Leads Way on Renewables” Worldwatch Institute. Available online. URL:
http://www.worldwatch.org/node/5430. Accessed November 26, 2007.

63 “Germany Leads Way”’

64 “Germany to Become World’s Most Energy-Efficient Country” Deutsche Welle, 4/29/07.
Available online. URL: http://www.dw-world.de/dw/article/0,2144,2459564,00.html. Accessed
November 26, 2007.

65 “Germany Leads Way on Renewables”

% Erik Kirschbaum. “Germany shows contradictions on climate change” Reuters, 12/2/07.
Available online. URL: http://uk.reuters.com/articleld=UKL012325320071202. Accessed
December 3, 2007.

134



Global Perspectives

67 “China passes US as world’s biggest CO, emitter” The Guardian, 6/20/07. Available online.
URL: http://www.guardian.co.uk/0,,330052618-108142,00.html. Accessed June 20, 2007.

68 China: Profile. U.S. Department of State, Bureau of East Asian and Pacific Affairs, Octo-
ber 2007. Available online. URL: http://www.state.gove/r/pa/ei/bgn/18902.htm. Accessed
December 9, 2007.

% “In China, To Get Rich is Glorious” Business Week, 2/6/06. Available online. URL: http://
www.businessweek.com/magazine/content/06_06/b3970072.htm. Accessed December 29,
2007.

70 “In China”

71 “Coming Clean: The Truth and Future of Coal in Asia Pacific” World Wildlife Fund, 2007.
Unpaginated. Available online. URL: http://assets/panda.org/downloads/coming_clean.pdf.
Accessed December 18, 2007.

72 Joseph Kahn and Jim Yardley. “As China Roars, Pollution Reaches Deadly Extremes” New
York Times, 8/26/07, pp. A1, 10, 11.

73 Jared Diamond. Collapse. New York: Viking, 2007, p. 362.
74 Joseph Kahn, p. 10.

75 Jared Diamond, p. 362.

76 Jared Diamond, p. 360.

77 China: Profile, U.S. Dept. of State.

78 Jared Diamond, p. 360.

79 “China’s Cars on Road to Ruin?” People and the Planet: Green Industry. No date. Avail-
able online. URL: http://www.peopleandplanet.net/doc.php?id=2484&section=9. Accessed
December 20, 2007.

80 Diamond, pp. 368—369.

81 Diamond, pp. 364—365.

82 Diamond, p. 364.

83 Natalie Goldstein. Globalization. New York: Facts On File, 2007, p. 124.
84 Goldstein.

85 Diamond, p. 364.

86 Diamond, p. 372.

87 Cruz, R. V,, et al. Asia. Climate Change 2007: Impacts, Adaptation, and Vulnerability:
Contribution of Working Group II to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge, UK: Cambridge University Press, 2007, pp.
480-482.

88 Cruz, pp. 472-476.

89 “Climate change sucks water from China’s two longest rivers” Xinhua News Service,
7/15/07. Available online. URL: http://news.xinhuanet.com/english/2007-07/15content_
6377992.htm. Accessed November 9, 2007.

9 “Climate change sucks water from China’s two longest rivers.

135



GLOBAL WARMING

91 “Global Warming Threatening Tibet’s Environment.” Xinhua News Service. Available on-
line. URL: http://news.xinhuanet.com/english/2007-11/21/content_7116926.htm. Accessed
November 19, 2007.

92 “Climate change taking toll on glaciers” China Daily News, 7/17/07. Available online.
URL: http://www.chinadaily.com/cn/china/2007-07/17/content_5437262.htm. Accessed
November 9, 2007.

93 Global Outlook for Snow and Ice, 2007. Chapter 6: Asia and South America in United
Nations Environment Programme, p. 131. Available online. URL: http://www.unep.org/geo/
geo_ice/PDF/GEO_C6_B_LowRes.pdf. Accessed November 10, 2007.

% Cruz, R. V,, et al,, p. 493.

9 “Scientists warn of agrarian crisis from climate change” Agence France Presse, 11/22/07.
Available online. URL: http://afp.google.com/article/ALeqM5hlgp-FN1xJlam3EDcDnMa-
GSFtzA. Accessed November 23, 2007.

9 “As glaciers melt and rivers dry up, coal-fired power stations multiply” The Guardian,
6/20/07. Available online. URL: http://www.guardian.co.uk/0,,330052641-108142,00.html.
Accessed June 20, 2007.

97 “Global warming to decimate China’s harvests” The Economic Times (of India), August
23, 2007. Available online. URL: http://economictimes.indiatimes.com/articleshow/msid-
2302779. Accessed August 24, 2007.

9 Cruz, R. V,, et al,, pp. 483-484.

99 “Ranking of the World’s Cities Most Exposed to Coastal Flooding Today and in the
Future” Executive Summary. OECD, 2007. Available online. URL: http://www.oecd.org/
dataoecd/16/0/39721444.pdf. Accessed December 5, 2007.

100 See “China’s National Climate Change Programme.” National Development and Re-
form Commission, June 2007. Available online. URL: http://en.ndrc.gov.cn/newsrelease/
P020070604561191006823.pdf. Accessed December 17, 2007.

101 “China Renewable Energy and Sustainable Development Report” Renewable Energy
Access, September 2007. Available online. URL: http://www.renewableenergyaccess.com/
assets/documents/2007/September _2007_China_Renewable_Energy_and_Sustainable_
Development_Report. Accessed December 5, 2007.

102 “China fires up biomass plants.” Reuters, 12/04/07. Available online. URL: http://www.
enn.com/top_stories/article/26471. Accessed December 4, 2007.

103 “Leading China Closer to Carbon Capture and Storage.” Science Daily, 11/21/07. Avail-
able online. URL: http://www.sciencedaily.com/releases/2007/11/071120104545.htm. Ac-
cessed November 26, 2007.

1043¥orld Energy Outlook 2007, Executive Summary. Int