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This is a fine mess you’ve got-
ten us Into now, Stanley.
—Oliver Hardy

A perfectday in Boulder, Colo.
It’s too early in the vear for

28 DISCOVER - JANUARY - 1986

the smog to drift over from
Denver, and cumule-nimbus
clouds tower over the rust-red
Flatirons, which are backlit by
the late afternoon sun. From
the wide grassland that stopes

down from the National Cen-
ter for Atmospheric Research
(NCAR, commonly catled en-
car), magpies take off in flashes
of black and white, while a sin-
gle mule deer grazes. A perfect

day,and ’'mpondering the end
of the world.

Actually, next to English
garden design, the end of the
worlkd happens to be one of my
favorite subjects. I spend a lot




i

of time wondering whether it’s
going to come as T. S. Eliot
said it would {not with a bang
but a whimper) or on the wings
of 10,000 megatons. Maybe
I've read too much Edmund

i
* EEe

Burke. You know: “Whatever
isin any sort terrible is a source
of the sublime.” And: “At cer~
tain distances and with certain
modifications, [pain and dan-
ger] are delightful.”

I'm not delighted, though.
I’ve just spent two days talking
to half a dozen scientists about
agrand “experiment,” the out-
come of which is still pending.
It began early in the nineteenth

BILL ROSS—WEST LIGHT/WOODFIN CAMP

century without a lead agency
or a principal investigator.
Like a lot of human endeavors,
it started under a shroud of 1g-
norance, but now that it’s real-
Iy up and running, to use the
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technician’s jargon, a whole
bunch of scientists are keeping
watch on it. It could usher in
changes the likes of which
haven’t been experienced for
125,000 years.

The Iaboratory where this
experiment is being carried out
is the earth and its atmosphere.
The experiment is simple in
conception: Ioad the atmo-
sphere with as much carbon di-
oxide {CO) as you can, add a
few other gases for good mea-
sure, and see what happens.

For nearly a century, scien-
tists have been debating what
will occur; it has only been in
the past few years that they’ve
devised this projection: if we
continue to burn one to two
per cent more fossil fuel a year
and to cut down forests at the
present rate, the carbon diox-
ide content of the atmosphere
will double from its pre-indus-
trial level of about 280 parts
per miflion sometime between
the years 2050 and 2100.

The consequences of such 2
doubling were discussed in
1896 by a Swedish chemist,
Svante Arrhenius, who calcu-
lated that the “evaporation” of
the world’s coal reserves in the
furnaces of industry might be
releasing enough carbon diox-
ide to alter the composition of
the thin blanket of gases that
makes the earth habitable. The
planet, he warned, could warm
up as a result of a phenomenon
that has come to be called the
greenhouse effect. Scientists
now know that other gases—
chlorofluorocarbons used in
refrigeration and spray cans,
for example, and methane pro-
duced by rice paddies and flat-
ulent cattle {yes, that’s right)—
act like carbon dioxide, trap-
ping heat radiated from the
earth’s surface and re-radiat-
ing it downward.

What will the consequence
of this warming be? Maybe
nothing of note. Or maybe
there’s an overriding and little
appreciated force at work here,
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and the world will slip into an-
othericeage, asafew research-
ers claim it’s doing. However,
the cooling trend that togk
place fromthe 1940s to ' 70shas
stopped. Not only that, what
seems almost certain to hap-
pen, given what scientists have
divined about the complicated
way the planet’s life-support
sysiems work, is that the annu-
al worldwide mean surface
temperature will increase by
anywhere from 3° to 10° F by
the end of the next century.

$ a consequence,
climate—which is
determined by
heat from the sun
and by chemical
and physicat in-
‘ B teractions among
the atmosphere, the oceans,
the land masses, and the po-
far ice sheets—will probably
change, maybe significantly.
In the past, naturally occurring
climate swings have brought

down societies—the Anasazi
Indians of the American
Southwest, for instance, from
decreased rainfali—and per-
haps even led to mass extinc-
tions of flora and fauna. Now
modern societies and modern
agriculture must prepare to
deal with a similar, albeit man-
made, swing.

This preparation is neces-
sary because it seems clear that
the CO; build-up can’t be
stopped or even slowed. In
1983 the avowedly conserva-
tive Carbon Dioxide Assess-
ment Committee of the Na-
tional Academy of Sciences
prefaced a report this way:
“There is a broad class of prob-
Jems that have no ‘solution’ in
the sense of an agreed course of
action that would be expected
to make the problem go away.
Increasing atmospheric CO;
and its climatic consequences
constitute such a problem.”

As far as public policy goes,
that leaves two choices. Gov-

Revelie calls the burning of
fossit fuels man's “great geo-
physical experiment.”

ernments can begin now to
take steps that might make
them able to adapt speedily
and with a minimum of fuss if
the anticipated warming takes
piace. Or they can take an
easier and cheaper path: they
can do nothing. They can wait
and see what turns up. Except
that by then it may bhe toc
[ate.

When it comes to details—
what global warming will mean
1o the people of Pitisburgh or
Bangkok or Sydney—climatol-
ogists, geographers, and re-
source economists have little to
offer. Climatologists only re-
cently began to feel confident
about the reliability of their
global computer models; creat-
ing scenarios of how climate
might change on a regionai
scale is still slightly beyond
them. And money is rarely




made available for assessments
of the agricultural, economic,
and social impacts of climate
change, studies that might pro-

.vide general guidelines for poli-
cy makers,

But quite a few researchers
have made preliminary calcu-
lations and modeling runs, and
will hazard some guesses—
though they nearly always issue
one caveat: living in a high-car-
bon-dioxide world need not be
all bad. The -northernmost
reaches of the earth’s land

masses, including parts of Can--

ada, Alaska, Iceland, Scandina-
via, the Soviet Union, and Ja-
pan, may benefit from warm-
ing. For example, an increase
in Iceland’s grazing land could

)
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Koomanoff thinks those who
link global warming to €O,
buiid-up are blowing smoke.

result in a doubling of its
sheep production. That said,
the researchers will tell you
about the less encouraging
aspects of their investigations.

The one most widely bruit-
ed by the press is that the sea
level will rise from the melting
of the polar ice caps. Figures
thrown around have ranged
from one to 25 feet; the differ-
ences that these two numbers
representare unresolvable, giv-
en the present state of knowl-
edge. A middling rise wonld
put virtually all the world’s
potts under water, as wel as

JIM BALOS

vast tracts of farmland in
the Netherlands, Bangladesh,
Thailand, Kampuchea, Viet-
nam, and China.

Steve Schneider and Robert
Chen, climatologists at NCAR,
redrew the coastline of the
U.S. based on arise of 15 t0.25
feet, which they concede is
probably centuries away. But
they wanted to examine the
economic effects of environ-
mental changes. They found
that half of Florida and Louisi-
ana would be covered by the
sea, as would more than one
tenth of Virginia, Delaware,
and New York. Across the
country, nearly 16 millien peo-
ple would be displaced. Cities
like Charleston and Galveston
would be completely flooded;
Miami, Baltimore, New York,
Boston, San Francisco, and
many others would lose major
chunks of real estate. And con-
gressmen would arrive by boat
at Capitol Hill, which would be
waterfront on the swollen Po-

At NCAR, Kellogg (left)
looked back to find more CO,
made tempercte climes drier;
Schneider looked ahead to
dire days for coastal ¢ities.

tomac. Of course, they could
always move the capital to
Omaha or Albuquerque.,

But glaciologists, on the
whole a rather persnickety
bunch, argue that such fore-
casts, though not impossible,
arc far-fetched. At a polar
workshop sponsored by the
National Research Council
(NRC) in Seattle in late 1984,
scientists gathered to deter-
mineé what a warmer world
might do to glaciers, ice sheets,
and sea level. They concluded
that before they could attack
larger questions like what the
total sea-level rise will be, they
needed to find out more about,
in no particular order, the cur-
rents, temperature, and salini-
ty of the water around the huge
Antarctic ice sheet; about the
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floating sea ice in the polar
regions; about clouds; about
the 'shrinking of glaciers in
mountain ranges in Central
Asia, Patagonia, and Alaska.

A major fear has been that
the West Antarctic ice sheet
might collapse. This sheet,
consisting of about two million
cubic kilometers ofice, restson
underwater bedrock, and the
ice flow is impeded by two
partly floating ice shelves. If
warmer ocean water, heated
by air above the pole, begins to
melt the shelves, the ice sheet
could begin to melt as well. As
it thinned it would begin to
float, and ice from behind
might push itintothe sea. Add-
ing this volume of ice to the
ocean would cause its level to
jump 16 to 19 feet.

The NRC committee held
this to be a highly unkikely
event. It also played down
warming’s impact on glaciers.
They would probably waste so
slowly that the runofl would be
indppreciable, and although
floating ice would melt in

warmer aceans, the water level
wouldn’t ‘rise. (The analogy
glaciologists like to use is of ice
cubes in a drink; when they
melt, the glass- doesn’t brim
over.} In all, the committee
concluded, the sea level rise by
the year 2100 would probably
be about 18 inches.
Roger Revelle, not a glaciol-
ogist but an oceanographer,
" who helped put CO; warming
on the map, has surveyed the
literature. He sets the figure at
two feet over the next century,
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with one foot the result of gla-
cial runoff, the other of a ther-
mal expansion (when sea water
warms it takes up more space).
Still, a couple of feet isn’t going
to do wonders for your Padre
Island or Daytona Beach. And
even a minor rise could consid-
erably boost the potency of
coastal storms. With tides lap-
ping closer to coastal condos
and the like, the kind of dam-
age that now occurs from
surges only once every hun-
dred years might be expected
once every 50 to 25 years.
Then there are conse-
quences that don’t immediate-

ly come to mind—ifor instance,

changes in the circulation pat-
terns of the oceans, which are
vital to life both in and beside
the water. The Gulf Stream
and other currents could weak-
en, Bill Jenkins, an oceanogra-
pher at Woods Hole (Mass.)
Oceanographic Institution, ex-
plains why this might come to
pass: circulation is driven by
the thermal conirast between
the poles and the Equator, with

the ocean functioning as a
pump that redistributes solar
heat, “If the earth warms,”
says Jenkins, “the poles get
hotter, reducing the thermai
contrast and reducing the
strength of the pump.” Circu-
lation would become less vig-
orous. At least one researcher
has specufated that some places
would become colder. Great
Britain, for example, owes its
temperate clime to the Gulf
Stream. If the stream slowed,
winters there could get chillier,

REPORT

EARTH SATELLITE CORP. {

Forests (rust) consume €O, butas satellite photographs of Brazi
in 1976 and '8 I show, vast tracts are being clear-cut (blue).

like those of places at similar
latitudes, say the Aleutians.
Other regions might experi-
ence more hot days—and the
hottest days would be hotter
than they are now. Climatolo-
gist Jim Hansen of NASA’s
Goddard Institute for Space
Studies in New York and his
student Paul Ashcroft have
calculated what the impact
might be for two U.S. cities.
Whereas the temperature in
Washington, D.C. now ex-
ceeds 100° one day a year on
the average, it would do so
twelve days a year when CO;
doubled. Eighty-seven days
would have temperatures of
morethan 90°, asopposed to 36
days now. In Omaba, tempera-
tures would soar above 100°
about threec wecks a year in-
stead of three days, and above
90° on 86 days instead of on 37.
Richard Warrick, an atmo-
spheric scientist at the Climat-
ic Reseatch Unit at the Univer-
sity of East Anglia in Norwich,
England, points out that a
small change in the mean tem-
perature may generate a large
one in the frequency of such
extreme events as droughts,
freezes, floods, and hurricanes.
With high CO; the probability
of having a sequence of back-
to-back vears of severe heat
waves in the Great Plains
might be higher. The number
of hurricanes forming in the
Caribbean might increase—or
even decrease. Some research-
ers suggest that the shift of oce-

anic currents, along with th
increased temperature in th
lower atmosphere, could di
rupt rainfall patterns and po:
sibly alier the cycles of majc
eventslike annual monsoonsi
southern Asia.

Rejiggered rainfall patterr
represent the most worrisomn
aspect of climate change. A de
crease in yearly rainfall o
the world’s prime agricultur:
belts, compounded by othe
losses of water from river
plants, and soil {under highe
temperatures, evapotranspirs
tion is hastened), could sul
stantially reduce the prodax
tivity of some of the most fe
tile acres on earth.

At Princeton’s Geophysic
Fluid Dynamics Laborator;
Svukuro Manabe, an atme
spheric scientist, has been u
ing a Cyber 205 supercon
puter to create models of fi
ture climates, From a thick fil
he pulls out computer-genera
ed temperature and soil moi:
ture maps of a world with do
ble the present coficentratio
of CQ,. Then he pulis out mag
of the U.S. during the 1930
When the two are placed sic
by side, it’s obvious evento th
untrained eye that the patteri
resemble one another. “What
am saying is that the kind «
drought we get from our mod.
calculations may be similar 1
the drought of the Dust Bos
period,” he says.

When Manabe first gt
these results, the research con




munity was skeptical. But the
computers of other researchers
are beginning to kick out simi-
lar figures. In a high CO,
world, it seems, soil moisture
in the mid-continental U.S.
and Europe might be reduced
substantially.

Studies of warmer periods'

in the earth’s history {even
those not attributable to CO4)
lend credence to this con-
clusion. A reconstruction by
NCAR’s William Kellogg indi-
cates that during the Alti-
thermal period, 5,000 to 9,000
years apo, the highlands of
~ Mexico, the Saudi Arabian

peninsula, the northwesiern
part of the Indian subconti-
nent, western Australia, and
most of north and east Africa
were wetter, whereas the cen-
tral plains of North America
were drier. Hermann Flohn, a
climatologist at the University
of Bonn, conducted a similar
survey of warmer climates in
the Northern Hemisphere as

far back as the Late Tertiary,
twelve million years ago. From
hisstudy one caninfer thatina
climate 7° F. warmer, northern
forests would advance almost
to the northernmost poinis
of the lands encircling the
pole, the world’s major deserts
would become-less arid be-
cause of greater rainfall, and
temperate arcas in the middle
latitudes would become drier.
In the U.S. the loss of water
could be worsened by a north-
ward shift of the rain belts. Re-
velle and Paul Waggoner, di-
rector of the Connecticut Agri-
cultural Experiment Station,
have calculated what increased
loss of moisture from soils and
plants brought on by higher
temperatures, coupled with a
relatively smalt drop in precip-
itation, would do to water sup-
plies in the West. A 3.5°rise in
temperature and a ten per cent
decrease in precipitation could
cut the flow of the Colorado
River by 40 per cent and leave

THE ROCK CYCLE
KEEPS ON ROLLING

In a naturatl process miilions of years long, velcanoes and hot
springs spew €O into the air. Some rains back to earth and be-
comes a component of rocks. These are eroded by rivers, which
carry the carbon to the sea, where it sinks. The plates on the
ocean floor transport the carbon to the hot mantle at the edge of
continents. There it can again be horne vpward by volcanoes,

'I'HE ANSWER MAY LIE IN THE ICE |

There are places in Greenland where the ice is more than a mile thick.
For four years in the 1860s the U.S. Army maintained a research sta-
tion called Cemp Century atop the ice pack, and during that time a team

of engineers and ice specialists cut a core out of it four inches in diameter.

It gave them, in the form of ice rods, each five feet long, a slender coiumn
of time extending back more than 100,000 years.

lttock & decade and then some to decipher the story locked into the
Greentand ice. That occurred at the University of Bern, where physicist
Hans Oeschger mefted tiny samples of the Camp Century ice and colieet-
edthe gases trapped in air bubbles. In the section formed during the last
ice age, 20,000 years ago, the carbon dioxide content of the atmosphere
rmeasured between 180 and 200 parts per million. In samples taken after
the ice age, the CO: leve!l was between 260 and 300 parts per milfion.

Oeschger's teamand a group in France repeated the measurements
on cores from Antarctica and the great continental glaciers. Each time
they found the same thing: during ice ages, the earth’s atmosphere con-
tains lgss carbon dioxide than it does in warmer times.

Scientists had long known that CO: in the atmosphere trapped heat—
the greenhouse effect—and that since man began burning coal and oil in
large quantities, the amount of COzin the atmosphere had been rising. But
most had assumed that before the Industrial Revoiution the CO: level was
fairly constant. Oaschger's finding destroyed that assumption.

His discovery also posed this question directly: Were fluctuations in t
amount of carbon dioxide in the atmosphere responsible for the beginnir
and end of ice ages? And this one indirectly: Does the flow of COzinanc
out of the atmosphere mold the long, slow warmings and coolings that
dominate the earth’s climate over pericds of tens of millions of years?

To confront these questions, one must understand the non-biofogical
processes that contral the amount of carbon dioxide in the atmosphere.
How much CO: is in the air—and hence how warm or cold the earth gets
depends on how much CO: the earth releases into the atmosphere in a
geological process cailed the rock cycle. -

The earth stores carbon in rock. Below the surface it heats carbonate
and other carbon-bearing rocks continuously. As the rocks warm, they
de-gas, i.e, give off some of their carbon as carbon dioxide. Volcanic
eruptions release some gas to the surface and thence into the air, and, ir
what one scientist calls the Perrier effect, CO: also bubbles up through
carbonated springs. Some of the carbon then returns to the earth dis-
solved inrain. ’

Now the other half of the rock cycle begins. As centinental rocks
weather, they bind with carbon dicxide from the aimosphere to release
carbon-bearing ions that are eventually carried off in river water. The riv-
ers flow io the sea, and the ions they bear react with calcium in sea wate
to form calcium carbonate, targely in the form of skeletal remains of ma-
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HOW PRE-INDUSTRIAL
MAN CHANGED THE FLOW OF (0.

The cutting of a mature forest puts carbon dioxide into the
atmosphere, Felled trees release carbon—siowly if left fo de-
compose, rapidly if burned—as do conventionally plowed

the greater the amount in the air. Livestock give off CO; as
they breathe, and methane when they're flatulent.

fields, The fewer the trees fo re-absorb CO: by photosynthesis,

A LEGACY OF THE
INDUSTRIAL REVOLUTION

The concentration of poputation in cities and the wide use of fossil
fuels in manufacturing and transportation has disrupted the car-
bon cycle and, it seems probable, raised global temperatures. In
a century or so, man has burned a large part of the earth’s carbon
reserves; in 1984 alone, combustion of coal, oil; and natural gas
released five billion tons of carbon into the air.

rine organisms that consumed the ions. The new compounds setile slowly
* to the bottom of the oceans, and there, over time, the sediment forms into
rack, Finally, the movement of the earth’s crust carries the new rock deep
enough into the earth to begin the cycle anew.

The process is.extraordinarily slow—a single carbon atorm could take
as many as 200 million years to complete the cycle—but its effects are
dramatic. Says Yale geochernist Robert Berner, “The rock cycle provides
he long-term background upen which ali the shorter-term climatic fluctu-
tions are superimposed.”
otest that assgrtion, Berner, with geochemists Antonio Lasaga of
Yale and Robert Garrels of the University of South Florida, developed
model to describe the changes in the amaount of carbon dioxide over the
past 100 million years, The Cretaceous period, which ended 65 million
vears ago (the last time dinosaurs thrived) was virtually ice free—which,
according to other researchers, means it hasto have been at ieast 8°F.
Warmer than today. To produce a greenhouse effect intense enoughto
warm the earth that much, the aimosphere would have had to contain five
limes as much CO: as it doas today. That, says Bemer, doesn't prove that
tarbon dioxide was more plentifui 100 million years ago, but it does pro-
de ciroumstantial evidence that CO» caused a prehistoric greenhouse

But while this and other research indicated that carbon dioxide can

cause large shifts in climate, it didn't come to grips with another phanom-
eron apparent in the ice cores: at the end of the last ice age COz levels
changed blindingly quickly by geological standards—in a few thousand
years. This compelied climate modelers to ask if the CO= changss trig-
gered the beginning and end of ice ages, and if they did, what natural pro-
cess could account for the rapid fluctuations in atmospheric CO2?

The largest expansions and contractions in ice sheeis have followed a
100,000-year cycle, but quicker fiuctuations also seem to have taken
place. Before the ice core bubbles coniused the picture, geoclogists had

devised an explanation for some of the more rapid shifts. As the earth

moves around the sur: it's tilted siightly, and spins around its axis like a top.
That spin has a couple of wobbles in it, and the angle of the axis changes
in a pattern that requires 41,000 years o complete. As the worid wobbles
and dips, the amount of energy each hemisphere receives from the sun
changes, one gaining and the other losing warmihi. Inthe 1920s and *30s,
a Serbian mathematician, Milutin Milankoviteh, calculated how big the in-
croases and decreases in warmih would be, and concluded that the wob-
bles and tiits could cool & hemisphere enough o cause the ice to expand.
In 1976 a study of ocean floor sediment demcnstrated the validity of his
computations.

“That seemed to be thai—the cannection between sunlight and ice was
clear, and it made sense. Therice core bubbles burst onto the »-
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PROOF OF THE CARBON
DIOXIDE BUILD-UP

Since Cherles Keeling of
Scripps Institution first sam-
pled €O on Mauna Log, the
mean concentration has risen
from 315 parts per million to
338. (The seasonal fluctuation
is caused by plants, which
ahsorb more CO: in summer.)

most western states without
enough water, Supplies in the
Rio Grande basin, the hardest
hit, would fall 75 per cent.

American farmers are fairly
flexible, says Waggoner. They
readily till new land and culti-
vate different crops in re-
sponse to changing market
prices and natural pressures
such as plant diseases. So a dri-
er climate on the southern pe-
riphery of the Grain Belt
wouldn’t cripple American ag-
riculture, The growing season
in northern states would be
lengthened in a high-CO,
world, and, given adequate
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soils, those areas could pick up
the slack. In countries where
there’s nowhere to move to,
however, or where agriculture
subsists on dry, marginal land,
changing conditions could—
and do—lead to many years of
hardship, or worse.

The key toasociety’ssurviv-
al would be its ability to make
adjustments to minimize dis-
ruptions. In the U.S. no coher-
ent plan—say, building dikes

70 7S ‘80

to protect low-lying areas—-
has yet been discussed at the
federal level. Representative
George Brown (D-Calif.), one
of the first legislators to recog-
nize the seriousness of COq
build-up, suggests that it may
be prudent for the government
to plan for climate change the
way it planned in the past
for civil defense—but better.
“There’s no good answer to

"when you should start taking

some action on warming,” he
says. “In ten to fifteen years
scientists should be able to say
with reasonable confidence
that, for every x per cent in-
crease in CO,, you'll get x per
cent temperature rise. Can we
save New York or Charleston
then? I say no, the processisir-
reversible. We have to begin
preparing either to protect or
to move these cities.”

‘When geophysicists in Cal-
gary, Canada were told at a
conference not toc long ago
that the world might grow sev-
eral degrees warmer, they
broke into wild applause—be-
cause . ail they could think of
was frigid winters on the Cana-
dian plains. As lomg as you
view such climate changes as
hypothetical or merely local,
they don’t sound so awful.

But changes in climate can
be disastrous for economies on
the margin. In A Distant Mir-
ror, Barbara Tuchman wrote:
“In 1315, after rains so inces-
sant that they were compared

scientific stage. The first bubble research showed only that something
strange had happened at the end of the last ice age—the data covered
just the past 40,000 years, far iess than the 100,000-year ice age cycle.
This led Cambridge University's Nicholas Shackleton and Oregon State
oceanographer Niklas Pisias to prospect through sediments on the ocean
floor in: search of traces of great climate changes over the past 340,000
years. They discovered that alterations in carbon dioxide levels occurred
a few thousand years before ice ages began and ended. Most important,
says Pisias, “the sedimentary evidence for atmospheric CO2 shows big

.changes at the end of each of the p_astl twa hundred-thousand-year infer-
vals—and then the record rapidly gets back to normal.”

- The issue isn't settled—sediment cores contain only indirect evidence
about atmospheric carbon dioxide—but there's enough evidence, Pisias
says, to conciude that carbon dioxide acts as a transmitter or an amplifier
of the coolings and warmings that result from the earth’s wobbling. But
while "we can say that CO: forces climate change,” Pisias asks, “what
causes the change in CC2?"

Wallace Broecker, a geochemist at Columbia University's Lamont Do-
herty Geclogical Observatory, confronted that question. He focused on
the fact that, compared to rock cycle events, ice ages are quick climate
shifts. The rock cycle is a geologicat phenomenon. It depends on heating,
cooling, and weathering—all processes that would go on continuously
whether or not the planet was inhabited. Fast changes implied only one
thing to Broecker: living things had to be playing & role, because only fife

can grow or die swiftly enough to change conditions on earth dramatica
in a few thousand years.

Broecker first iried to find out how living things in the ocean could in-
crease the amount of carbon diexide in the air to produce a natural gre<
house effect. Some CO: enters the sea from the atmosphere simply by
dissolving in the surface waters. Plants growing in the ocean consume
carbon, creating more “room” for carbon dioxide to dissolve inte the se
Anincreased number of plants in the ocean, Broecker reasoned, would
consume more ¢arbon, which would mean that more CO2 would be able
to move from the atmosphere to the ocean, which would mean that iess
carbon dioxide would remain in the air, which would mean that the worlc
would cool and ice shests would get bigger. Decrease the number of
plants, and the process would be reversed.

T o explain the rapid end of ice ages, Broacker hypothesized that life

earth could amplify an orbital effect that had aready begun to melt
the glaciers. If some ice melted, sea levels would rise. When sea levels ¢
up, paris of the continental shelf get covered, and some nuirients, espe:
cially phosphorus, could get trapped in the sediments that would come:
rest there. Then, Broecker theorized, the plants at the ocean’s surface
would behave like any underfertilized crop: they would be fewer in numt
and would grow more slowly, and thus consume tess carbon. Inturn, the
ocean woldd absorb fess CO: from the atmosphere—and the warming £
ready under way would intensify as the build-up of atmospheric COz
trapped more and more heat from the sun.
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to the Biblical flood, crops
failed all over Europe, and
famine, the dark horseman of
the Apocalypse, became famil-
iar to all. The previous rise in
population had already ex-
ceeded agricultural produc-
tion, leaving people under-
nourished and more vulnera-
ble to hunger and discase.
Reports spread of people eat-
ing their own children, of the
poor in Poland feeding on
hanged bodies . . .”

What will the headlines
be in 2035? GREAT PLAINS

I
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1920 1840 1860

DROUGHT IN EIGHTH YEAR;
GLOBAL FOOD CRISIS DEEPENS
. . . WORLD HEALTH ORGANIZA-
TION STUDY SHOWS TROPICAL
DISEASES SPREADING IN SOUTH-
ERN U.§ ... EGYPT, LIBYA AT
WAR OVER PRIME GRAZING
LAND...7

Thirteen million Bangla-
deshislive on ground that’sless
than ten feet above sea level.
When the flooding starts, do
you suppose they’H simply
pack up in an orderly fashion
and be politely allowed to file
into India and Burma?

25 5 10

1980 2000 2020

Roger Mudd, the NBC
newsman, is driving NCAR
secretaries crazy. It's June, and
Mudd and his crew have com-
mandeered a room in NCAR’s
headquarters and begun sum-
moning scientists. One reason
for this media attention is a pa-
per published in the Journal of
Geophysical Research, which
concludes that trace gases be-
ing released into the atmo-
sphere could amplify the green-
house effect. Three of the four
authors, all atmospheric spe-
cialists, are in Boulder: Veer-

IT SEEMS WE’RE READED
FOR SOME HOT TIMES

Researchers plotted tempera-
tures over Northern Hemi-
sphere land masses from
1860 to 1980, and found the
average (as it varied froma
mean) rose by 1° F. IfCC:
caused it, the pace should
quicken, with the increase be-
ing as high as 10° by 2020,

abhadran Ramanathan, Raiph
Cicerone, and Jeff Kiehl. The
fourth, Hanwant Singh, is at
SRI International in Menlo
Park, Calif.

Ask Ram {everyone calls
Ramanathan that) how mere
molecules of gases can warm
up the earth, and he replies,
“Ah, that’s a question of phiys-
ics,” jumps from his chair, and
begins vibrating toshow how a
molecule would act. Ask him
about the implications of the
trace-gases paper, and eventu-
aliy—after he lists a bunch

~

The most recent evidence indicates that Broecker's idea can explain a
porticn of the difference in CO: levels during anice age and those during
a warm period. Still missing is & mechanism that could account for the rest
of the change, as well as explain the reverse greenhouse effect—the
cooling that comes with a drop in CO: levels—that couid bring about an
ice age. To that end, Harvard atmospheric scientist Michae! McElroy has
taken Broecker's central theme—that it's life that makes the difference—
and come up with a theory to explain both the onset of ice ages and the
existence of the 100,000-year ice age ¢ycle. -
McElroy argues that the plants in certain parts of the ocean would thrive
whenever charges in the earth’s orbit increased the amount of suntignt
* they recelved. When they grew well, they would use rmore CO:, drawing it
out of the atmosphere. That would coo! the earth every time the rhythm of
its orbit created the ideal conditions for this kind of plant growth. As an ex-
tra twist, McElroy thinks that eventually the plants would overpopulate their
range and deplste the ocean of the exygen they need to survive, Thus, ev-
ery hundred thousand years or so, the piants wold suddenty die off, and

" with the plants dead, the ocean would stop sucking CO:2 out of the atmo-
sphere. It would build up in the air, and the earth would warm quickly. McE!-
roy's hypothesis includss the idea that circulation patterns that move nuiri-
ents around the oceans changed during ice ages.

Broecker's team and two other groups came up with similar ideas. All

these theories have one big ftaw. the sediments don'tshow the changesin
the oceans’ nutrient content that each of the models says should be there.

Part of the difficulty is that the sediment samples cover 500,000 years
and information about CO: levels enly 100,000 years. Comparisons may
soon make much more sense: a group of French scientists is now analyz-
ing the-aldest ice core yet found. “The Russians are drilting a core at Vos-
tok station in Antarctica that goes back five hundred thousand years,”
Broecker says. “They just stack the ice like logs, and the French gogetit.
The ultimate evidence we need will come out of that core.”
E ven before those answers emerge, this much is clear: the climate
changes that give birth to and kilt off ice ages are complex processes.
The physics of the earth’s orbit, the chernistry of gas exchange between
the atmosphere and the ocean, the geological effects that come with the
spreading of ice—all these interact with life o create the changes.

In the normal course of geclogical events, the earth now should be
within one or two thousand years of the start of another long cooling
trend. Since the last ice age, howeaver, a differant form of life has begunto
reshape the earih's climate. The CO- that pours into the atmosphere as
man burns coal, gas, and oil rearranges the composition of the atmo-
sphere, It's a change, says Bemer, “that reproduced in a coupie of centu-
ries an effect that ardinarily takes milions of years.” Certainly this exira
carbon dioxide will provide important new information about how CQ:zaf-
tects dlimate. In a sense, the entire human race is inadvertently conduct-
ing a geophysical research project. “It's a great experiment,” Broecker
says, “but it's 2 dangerous one. We are experimenting with the whole
world, and we don’t know what will happen.” —Thomas Levenson

|
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2000-2010
+1.8°F.

Rainfall
is heavieri

A CLIMATE RIPE
FOR CHANGE

As the planet warms, climates
will shift. Rainfall, for exam-
ple, may drop in northwest
Europe, and increase in east
Africa and Asia. Diminished
precipitation plus greater
evaporation will leave some
now productive farms
parched,; while some marginal
tands, receiving more water,
will become arable.
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2005-2050
+2.7°F

Deserts be
to shrink -

of polysyllabic organics, de-
scribes their chemical fates in
the troposphere, and ratties off
estimates of current and future
concentrations of the various
chemicals—he’l let slip that
the paper is “ominous.” Be-
cause if frace gas emissions
continue at roughly the present
rate, they alonc could warm
the planet by 1.5° to 3° F. Add

this to COp-driven warming,

and what climatologists call
THE SIGNAL ({they always
say it as if it were written in
capital letters) will show up
sooner rather than later, in,
say, ten to I5 years. The signal
is a rise in the average glob-
al temperature that can be
pinned unequivocally on man.
Says Ram, “It’s not a problem
now, butif trace gases increase
byafactoroften, weshouldsee
a significant warming. If this
happens, it will be amuch larg-

2020-2050

er jump than any in the last
thousand years.”

Now ask Ram whether he
thinks the government ought
to take steps to cui {race
gas emissions, and he replies,
“There’s no cause for panic.
I'm not going to go to congress-
men and pound the table for
regulatory action.” What he
would like to see is comprehen-
sive monitoring programs for
trace gases, particularly over
the oceans. “For this, ves, I feel
a-sense of urgency,” he says.
“We should shift our empha-
sis. It’s time that we seriously
discuss whether we’re spying
on the atmosphere the way we
should.”

Walk down the hall to Ci-
cerone’s office for another
opinion. Cicerone is suffering

‘froma bad case of hay fever but

won’t take any antihistamine,
He’s expecting the call from

2040-2080
+7.2°F,

Mudd any minute, but sits back
inhis chair, relaxed and unhur-
ried. “For several years,” he
says, “the writing was on the
wall that the trace gases were
growing, and it was only a mat-
ter of time before they sur-
passed CO,. It’s 2 huge scien-
tific and political question that
wasn’t getting the attention of
politicians.”

Cicerone is leaping into a
zone that most scientists avoid:
“We could see the answers,
how they’d come out. And we
knew we had to produce a
scholarly report that went
through peer review and could
withstand attacks. The last
thing you want to doisalienate
your fellow scientists.”

In admitting that the team
tailored its paper to be persua-
sive, Cicerone has left science
and gone into the murky terri-
tory of public policy, as have a



surprising number of scientists
concentrating on the carbon
dioxide question. Oh, there
have been the wusual bit-
ter fights over COQO,, salvos
fired in the pages of journals
with circulations of around a
thousand. Factions have been
formed and dissolved, reputa-
tions made and broken, But in
the past two years or so, the sci-
entists have begtn to present a
unified front on the global ef-
fects of CO». They're pulling
together on the. science end
and backbiting less. Increas-
ingly, acrimony is reserved for
another question {and a corol-
lary of it): What should the
government’s policy response
to CO; be {and what sort of re-
search in this area needs the
greatest financial backing)?

On the main issue, scientists
can be divided roughly into
two camps, One group holds
that you can’t make any costly
decisions unless vou know
more about the essence of the
problem. The loudest propo-
nent of this view isn’t a scien-
tist but a federal bureaucrat
named Fred Koomanoff, head
of the Department of Energy’s
CO; unit, which dispenses
a significant part of the
money that goes toward car-
bon dioxide research in the
.S, ($13.3 million in 1985) as
well as a portion of what’s
spent abroad.

e'll tell you that
before we can be-
gin to speculate
cn what the ef-
fects on climate
will be and offer
advice to politi-
cians, we've got to 1) learn
more about the carbon cycle,
the process whereby carbon
shifts around among the oceans,
the soil, the atmosphere, and
the biosphere (see box, page
34); 2} refine computer models
of global climate; and 3) sort
out the signal from the noise—
that is, show beyond a reason-

I
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able doubt that the rise in aver-
age annual temperature is
caused by carbon dioxide, not
solar flux or volcanoes or some-
thing no one has thought of,
In his offices in German-
town, Md., he hauls out a huge
flow chart to display how little
is yet known. At the left is the
carbon cycle. Far to the right,
at the end of a seemingly
unnavigable maze of boxes
and feedback arrows, are what
the department cuphemistical-
ly terms indirect effects.
Koomanoff has a deep intel-
lectual attachment to flow
charts—“Unless you know
where you're going,” he says,
“it’s going to be pretty hard to
get there”—and adamantly re-
sists any suggestion that one or
another of the charted steps
might be skipped. To those
who would argue that policy-
makers should begin to devise
a strategy to deal with global
warming, he says bluntly, “If
we don’t know what, where,
and when, it’s difficult to rec-~
ognize what to do. I show a
view graph when I give talks.
It’s got a mallard duck flying
across it, with a shotgun blast
ahead and a shotgun blast be-
hind. The caption reads, ‘By
thelaw of averages, this duck is
dead.” Averages are no good.
Use averages to make policies,
and the policies will be bad.”
Those in agreement with
Koomanoff argue that, consid-
ering the uncertainties about
warming, it doesn’t pay to do
anything vet. After all, the pro-
jected temperature rise may
not even materialize. Thomas
Schelling, a professor of politi-
cal economy and a public poli-
cy specialist at Harvard's John
FE Kennedy School of Govern-
ment, has two reasons for be-
ing cautious: “One is a good
one. It's that our grandchildren
may have such advanced tech-
nologies that carbon dioxide
buiid-up may not be a problem
for them. The other is persua-
sive, but not so good. It’s that
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solving the problem now will
take a level of global coopera-
tion that’s utterly unlikely.”
The other school, by far the
larger among the thirty or so
scientists interviewed in pre-
paring for this piece, holds that
if we wait until the signal
shows up, it'll be too late. T
we believed that uncertainty
was a ground for no action,”
says NCAR’s Schneider, one
of the most articulate and oui-
spoken members of this camp,
“then we would have no insur-
ance companies and no ar-
mies.” More compelling is this
aspect of the activists’ argu-
ment: if it’s possible that the
consequences of notacting will

do now wouild be useful even if
carbon dioxide weren’t in the
picture. If COx turnsouttobe a
non-problem, then learning
how to cope with it will have
essentially been the same as
learning how to cope with a
rapidly growing world popu-
lation.”

If climate changes are
brought about by warming,
they’ll start occurring during
the lifetimes of about half of
the people alive today. But a
date tike 2035 has a certain un-
reality to if; it’s something
Stanley Kubrick, not scientists
or policymakers, should be
concerned with. Even some-
thing closer at hand—say, the

¥

be horrendous, then we can’t
afford not to act. -

But what about other, more
pressing problems? Schneider
says, “[Sociologist] Elise Bould-
ing and I were chairing a panel
that came up with the tie-in
strategy in Annapolis in 1979,
Wewereat a conference, and a
lot of people were saying ‘With
war and poverty, why should
we care about carbon dioxide?’
So over a couple of bottles of
wine, our group worked out
the best defense. It’s that most
things you do to prepare for
global warming [such as devel-
oping hardier crops, encourag-
ing energy conservation and
better water management, and
stressing population controll
make good sense anyway.” Jo-
seph Smagorinsky, former di-
rector of Princeton’s Geophys-
ical Fluid Dynamics Lab, con-
curs: “A lot of things you can

possibility that the monsoons
will come late to India in
1995—commands less atten-
tion than the dollar’s robust-
ness in the international nion-
ey market this month or rioting
in South Africa. Lawmakers,
especially in the U.S., seem un-
able to thinkahead more thana
couple of years. Says Senator
Albert Gore JIr. (D-Tenn.),
“Congress has a bias against
solving long-term problems.
The next election, the next
budget cycle, the next redis-
tricting: these are the sorts of
concerns that command the
most attention. An issue like
global warming requires Con-
gress to look decades ahead.”
It’s not that congressmen
arc unfamiliar with CQ; build-
up. Consider the following im-
portant events in the recent
history of the carbon dioxide
issuc. They are set in Senate
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and House hearing rooms in
the Dirksen and Rayburn
buildings in Washington, D.C.

Mini drama No. 1 takes
place in July 1979, shortly after
the Carter administration be-
gins pushing for a massive syn-
thetic fuels program that’s sup-
posed to make the U.S. less de-
pendent on foreign oil. The

Committee on Governmental

Affairs, headed by Senator
Abraham Ribicoff (D-Conn.),
gathers some expert witnesses
to talk about carbon dioxide.
Among those testifying are
Wallace Broecker, anirascible,
widely respected geochemist
at Columbia University’s La-
mont-Doherty Geological Ob-
servatory, Revelle, who in
1957 issued the first heeded
warning on the deleterious ef-
fects of burning fossil fuels—

what he called man’s “great
geophysical experiment™—and
instituted a long-term program
for measuring carbon dioxide
in the atmosphere; George
‘Woodwell, former director of
the Ecosystems Center, Ma-
rine Biological Laboratory at
‘Woods Hole, who'’s best known
for his work on pesticides and
nuclear winter; Smagorinsky;
and Schneider, whom Revelle
calls “the smartest guy in the
climate modeling field.”

Also present is David Slade,
director of the Department of
Energy’s CO; unit and an en-
thusiastic supporter of re-
search into the possible agri-
cultural, economic, and social
consequences of global warm-
ing. He’s given to saying things
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like “We're dealing with an is-
sue that involves the function-
ing of the total physical global
system, the total biological
global system, and the total so-
cietal system.” Slade doesn’t
know that this predilection is
going to get him into trouble.
These are big scientific
guns, some of whom have been
at the center of the action for a
quarter of a century. They’re
men who by and large prefer to
discuss the carbon dioxide
guestion, rather than the car-
bon dioxide problem, because
their studies have by no means

persuaded them that the con-
sequences of CO; build-up will-
" be disastrous—or even all bad.

Yet during the hearing the sci-
entists urge that the synfuels
program not be allowed to up-
stage conservation and devel-

opment of renewable sources
of energy, because burning any
amount of synfuel puts 50 per
cent more carbon dioxide into
the atmosphere than burning
the same amount of coal, the

.worst fossil fzel in this regard.

Moreover, they agree that im-
mediate steps should be taken
toreduce carbon dioxide emis-
sions through conservation
and the development of alter-
native energy sources, includ-
ing solar and nuclear.
Woodwell speaks for the
consensus when he proposes
several actions: “One of them
is that we limit the total
amount of fossil fuel, including
coal, that we’re going to use.
Another is that we remove sul-
phur from the coal before it is

burned, because we have a
very serious problem with the
acidification of rain over large
areas of North America and
Europe.”

Toward the end of the ses-
sion, Ribicoff says, “Are we
not dealing with a scrious
problem to the earth and man-
kind? We all agree on that. So
we all agree that, if we have a
sense of responsibility, we
can’t afford to be stampeded
into a [synfuels] program with-
out doing whatever we can to
put into place as many safe-
guards as we can, as many
brakes as we can.” Four
months later, the responsible
gentlemen in the Senate vote
$20 billion for the establish-
ment of the Synthetic Fuels
Corporation. Ribicoff comes
out in favor of the final Senate
bill. The next June the com-

" promise version passes both

houses of Congress.

Mini drama No. 2. In April
1980, the Senate Committee
on Energy and Natural Re-
sources holds carbon dioxide
hearings chaired by Paul Tson-
gas (D-Mass.). CO; has be-
come typecast as an “energy
problem.” Woodwell and Slade
are there, as well as a couple of
veteran environmental scien-
tists, Kelloge and Gordon
MacDonald.

Except for two bureaucrats, -

who beat around the bush,
everyone argues  for—guess
what?—reducing CO, emis-
sions through conservation
and the encouragement of al-
ternative technologies. Noone’s
terribly hopeful that anything
can actually be done to stave
off the inevitable. If industrial
nations forswore fossil fuels, it
would take fifty years or so to
complete the switch to a new
energy source. And Third
World countriesaren’tkeenon
curtailing emissions; after all,
fossil fuels and trace gases like
chlorofiuorocarbons play key
roles in industrialization.
Woodwel argues that dif-

ferences among scientists about
the details of the CG, build-up
“cannot be taken as a reason
forignoring, neglecting, or fail-
ing to act on the central is-
sues.” Kelogg recommends
that the government undertake
contingency planning for pub-
lic action and pay for research
into the impact of possible cli-
mate changes.

Not too long afterward,
Slade is fired from his job, The
story around Washington is
that Energy Secretary James

- Edwards, a former dentist,

can’t understand why an cner-
gy agency is giving money to
social scientists. “The DOE
unit under Slade,” laments one
researcher, “was a model of
how a bureaucracy could do
something good.”

Mini drama No. 3. March
1982. A trio of Senate commit-
tees with names too long to re-
peat holds hearings on carbon
dioxide. Koomanoff, Slade’s
replacement, is there. His divi-
sion has just sfashed its budget
from the $12 million appropri-
ated to $8 million. A piqued
James Schever (D-N.Y.) as-
sails the cuts: “How can you
possibly justify the kind of re-
ductions in funding for this
program that your agency is
asking us for?’ Koomanoff de-
fends the move by saying
“There are certain phases of
the work that are comting in
and out. In the future we may
be coming back and asking you
for some more money. We're
not always going to have a
monotonic curve on budgets.”

Scheuer: “You’re not going
to have what?”

n his drab, book-laden
office over Tom’s Res-
taurant on upper Broad-
way in Manhattan, Jim
Hansen explains arecent
calculation. He and his
colleagues have used a
computer model to simulate
the global climate under rising
CO; and trace gases, as well as




SAN FRANCISCO BAY

aerosols thrown up by volca-
noes, which would offset the
greenhouse effect. The result-
ing graph projects how much
of the warming would show up
at specific times beginning in
1958 and ending in 2000, At
first the curve tracks a shallow
course across the page with a
net warming of .4° F. by 1985.
In this period two unusual-
ly large volcanic eruptions—
Mount Agung in 1963 and El
Chichén in 1982—cooled the
planet. But after 1985 the
temperature shoots upward,
reaching 1° F in the early
19905 and almost 2° by 2000. If
the model is correct, ten to fif-
teen years from now the earth
will be warmer than it has been
for thousands of years,

AN
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MID-ATLANTIC STATES

We may not have to wait fif-
teen years; the greenhouse sig-
nal may already have been
picked up. Researchers at East
Angha, using data gathered
from land-based weather sta-
tions from [851 to 1984, have
plotted the number of degrees
the annual surface tempera-
ture in the Northern Hemi-
sphere has varied from the
mean (see graph, page 39),
The line dips here and there,
but since 1851 the annual sur-
face temperature has registered
a net increase of about I°F

This 1° F. warming is just
about what Hansen’s calcula-
tions say one should expect to
see as a result of CO,.

But other climatic factors
must come into play to explain
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NEW YORK METROPOLITAN AREA

HOW WARMING MIGHT AFFECY THE U.S.

A sealevel rise of 15 feet would put large chunks of
America’s coast under water, includ ing most of the
country’s major ports. The cities labeled on the maps
above wovuld be partly or totally submerged, and
San Francisco Boy would extend much farther inland,
flooding the Sacramento Valley.

the dips and peaks of the
observed temperature curve.
In 1981, using a computer cli-
mate model to simulate global
temperature trends, Hansen
and some colleagues generated
three model curves (also in di-
agram, page 39, The first took
into account only the rise in
CO; concentrations. The com-
puter-generated temperature
trend didn’t come close to re-
sembling the actua] trend {the
“fit” was bad, in the parfance),
Several volcanic eruptions since
1880 have thrown encugh de-
bris into the upper atmosphere
to cool the planet down at vari-
ous times, 50 they factored this
in and generated a second line.
The fit wasn’t bad. When they
factored in proposed fluctua-

Prasent
water lavel

Water level
up 16 fest

Water level
up 25 fest

tions in the sun’s output, the fit
was very goad indeed,

When these results were
published in Sciencein August
1981, Hansen fook a lot of flak,
but after ten years of modeling,
he’s fairly confident that within
the next ten to 15 years, Arr-
henius’s conjecture will have
beenproved. “The only way we
could be wrong,” he says, “is if
the negative feedbacks are larg-
er than we anticipate.”

Lately, climatologists have
been thinking a lot about feed-
backs, natural processes that
might temper or amplify the
greenhouse effect, and thus
mitigate or worsen climate ef-
fects. They’ve come up with
some ideas, a few of which
sound outlandish. =
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n the 1960s, sculptor Sheldon Machtin made stabiles by attaching

heavy metal balls to the ends of stiff springs, and then anchoring the
other ends of the springs in solid bases, like chunks of steel. Machlin in-
vited audience participation, and when you walked into one of his
shows, the gallery would be abob with jigging balls and pulsing springs.
What you saw was a fair visual analogy to what goes on invisibly in the
atmosphere when melecules and infrared energy meet.

Short-wave radiation from the sun slips easily through the atmo-
sphere and strikes the earth’s surface. But much of the long-wave infra-
red energy that radiates back from the heated planet is prevented from
escaping to space by gases in the atmosphere. “Certain gases have
tremendous absorptive features,
with each one absorbing only par-
ticular wave langths,” says Veer-
abhadran Ramanathan, an atmo-
spheric scientist at the National
Center for Atmospheric Research
(NCAR) in Boulder, Colo.

When hit by infrared radiation, a
carbon dioxide molecule, which
consists of a carbon atom sand-
wiched between two oxygen at-
oms, turns the energy into motion;
it accordions back and forth, ro-
tates, or vibrates. Other mole-
cuies, with more compiex config-
urations, have even more elabo-
rate choreographies. Butno mat-
ter how complex the molecule is,

L it re-radiates a portion of the en-
Kieht: finder of rogue gases ergy it absorbs groundward.

Carbon dioxide absorbs radia-
tion at 15 microns, blocking most of it. Hence the analogy of the glass
of a greenhouse, which allows sunlight to pass through and warm the in-
terior, but prevents heated air from escaping. The greenhouse effect
isn't limited to earth; in recent decades space probes and fly-bys have
provided evidence that it operates on other planets as well. Mars,
with its thin atmosphere, spins icy and lifeless because the greenhouse
effect is minimai, white Venus, with a stew of an atmosphere, isa
hothouse.

But what about radiation below 15 microns, in the range of eight to
twelve microns, which accounts for most of the earth’s surface heat?
How is it trapped? Recently, Jeff Kiehl, an atmospheric scientist at
NCAR, meticulously reviewed the characteristics of a lengthy fist of
known infrared absorbers. After throwing out 30 or 40 gases, he pro-
duceda rogues' gallery of about a dozen that are long-lived—that is,
stay in the atmosphere for 100 to 500 years before breaking dowr—-
and that absorb in the eight-to-twelve-micron window, Most of the gas-
es are man-made, and putting them into the atmosphers with carbon di-
oxide is guaranteed to increase the amount of energy emitted back to
earth. Says NCAR atmospheric scientist Ralph Cicerone, “If you were
Lex Luthor [a villain in Superman] and you wanted tc destroy the earth,
blocking the window wouldn't be a bad way to go.”

BLOCKING THE WINDOW: HOW THE GREEMHOUSE EFFECT WORKS

oo 2 e
Radiation emitted from the sun hits the earth,
heating it up. The earth then sends those waves of

infrared lengths back out toward space.

Some of that reflected infrared radiation hits
mielecules of carboen dioxide, which are made up of ane
carbon atom and two oxygen atoms.

Absorbing the radiation sets the molecules vibrating,
spinning, and waggling. Some energy is re-radiated
back to earth, cavsing the greenhouse effect.
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Here are positive feedbacks,
i.e., ones that would increase
warming:
® Ocean warming could cause
mud on the sea floor to release
millions of tons of methane
trapped within frozen water
molecules.
® Deep water formation (the
process whereby cold, dense
walernorth of 50 degreesinthe
Atlantic sinks and makes a
500- to 1,000-year journey
around the globe, flowing
southward to Cape Horn, then
around the Horn, and west and
nerth into the Pacific and Indi-
an oceans} could stail, along
with surface currents. The
sinking waters carry CO; out of
the atmosphere, depositing it
in sediments on the seafloor. If
they did so less vigorousiy, the
greenhouse effect could be ex-
acerbated.

& With higher mean tempera-
tures in the troposphere, great-
et volumes of sea water would
evaporate. Water vapor is an
even more efficient absorber of
infrared energy (heat) than
carbon dioxide, so it, too,
could exacerbate the warming.

But more water vapor could
also mean thicker cloud cover,
and clouds reflect sunlight
back to space before it reaches
the ground, so more evapora-
tion might actually curtail
warming. Nobody knows.

Then there are trees. They
eat up carbon dioxide, so
couldn’t they help limit
CO; build-up? After working
through a series of complicated
eguations for the uptake and
outflow of carbon by ecosys-
tems on land and in the sea,
Woodwell concludes: yes and
no. Forests at the peak of
photosynthetic efficiency use
more COs than they release as
waste. But virtually any distur-
bance (e.g., fires, clear-cut-
ting), Woodwell says, “tends to
result in transfer of carbon into
the atmosphere,” Just to begin
to reduce the amounts of CO,
being pumped into the atmo-
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sphere by man would require
reforestation on an enormous
scale, which seems unlikely
considering that deforestation
and the clearing of land for ag-
riculture may each vear be re-
leasing, for a variety of reasons,
abillion or so additional tons of
carbon into the atmosphere,

At this juncture, there
seems to be no easy way to pre-
vent COz build-up. There have
been a few wild suggestions,
like scrubbing the gas from
smokestack emissions. But if
youburn coal, for example, the
process of removing the CQ,
would eai up about half the en-
ergy the coal produces. Re-
searchers have suggested peri-
odic seeding of the strato-
sphere with sulphur dioxide.
Sulphuric acid droplets would
form and shield the planet
from solar rays and cool it
down. But sulphur dioxide also
contributes toacid rain, and no
one could say whether the
seeded SO, would driftinto the
lower atmosphere and contrib-
ute to that problem,

t the least, re-
searchers would
like to see more
money spent on
studies of “indi-
rect effects™: com-
: puter simulations
of regnonal climates and on fin-
er-grained scenario studies.
Since 1978 only five per cent of
the DOE’s $53 million CQ,
budget has been spent on this
category of research—the rest
goes mainly for broader studies
and staging conferences. And
even the series of reports it’s in
the process of issuing includes
a section on the consequences
of the CO, that one peer re-
viewer called “unsalvageable
and five vears too late.”
Broecker, one of the loudest
voices calling for additional re~
search, would like to see $100
million to $200 million spent
over ten to twenty years to
study the biological, geologi-

cal, and chemical interactions
that control climate. Although
some of his colleagues expect

. to get the money, he’s not

hopeful. “A lot of us are dis-
couraged. No one will get be-
hind us,” he says. “Exaggera-
tions have given the environ-
mental movement a bad name.
But a basic rescarch program
shouldn’t threaten anybody.”
At the most, scientists are
asking for a definite policy re-
sponse. “We should be doing
everything we can to try to un-
derstand the system,” says Jen-
kins, “but not delaying policy
decisions until some computer
modei is refined to higher de-
grees of precision. We have
to rely on our human comput-

ers. Beware of afarmists, but
beware of placaters, too.”

For starters, many scientists
urge, industrialized nations
should encourage, or continue
[0 encourage, energy conser-
vation and the development of
other energy sources, especial-
Iy wind and solar. Other in this
case also includes nuclear. Al-
though CO; researchers are
fully aware of the dangers and
shortcomings of fission, some
have reluctantly conceded that
it may be the only technol-
ogy capable of satisfving the
world’s needs. At the same
time, there should be a world-
wide ban on non-essentjal uses
of chlorofluorocarbons like de-
odorant spray cans.

To make agriculture more
flexible, there should be more
research into the cHmate de-
pendence of various crops.

Seed stocks should be diversi-
fied. Farmers should be en-
couraged to use water more ef-
ficiently. Trrigation projects
and large-scale water supply
systems should take into ac-
count possible future shifts in
rainfall patterns. Climatologist
Bo Doos of Stockholm Univer-
sity recommends radical refor-
estation programs, and an in-
ternational effort to stop coun-
tries Jike Brazil and Malaysia
from devastating their rain for-
ests, If trees won’t eliminate
CO: build-up, they may at least
slightly defay the onset of
warming,.

Steps should be taken to
bring about international co-
operation on these policies. In-

ternational agencies should
continue to work to improve
the resilience of agriculture
in hardscrabble areas of the
world. And, says Doos, “we

- should try to foster free trade

and good relations, because if
there are major environmental
changes, the world will be
more dependent than ever on

_ peace among nations.”

That’s a laudable sentiment,
but considering that far sim-
pler problems still cloud the in-
ternational atmosphere, it’s
hard to imagine how a problem
that’s intertwined in the fiber
of industrial economies will be
casily solved. Witness Cana-
da’s inability to persuade the
US. to regulate acid-rain-
causing sulphur dioxide emis-

sions from Midwestern power-

plants. “Not all the effects
of carbon-dioxide-induced cli-
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Glaciers, like the one at the head of this bay in Alaska, could raise the world's water levels if, be-

tause of CO; bulld-up, they begin to melt faster and add more thawing ice to the oceans.

mate change will adversely af-
fect human life,” says Manabe,
“and this is another obstacle to
reaching agreements. Differ-
ent countries may perceive dif-
ferently the potential impact of
carbon dioxide.”

All these steps to reduce the
impact of warming make good
sense anyway, as the scientists
are wont to say. But then, it
makes good sense to stop
smoking if you’ve had a heart
attack, and people don’t al-
ways do that. Some politicians
concur with the scientists. Lis-
ten to Gore: “The greenhouse
effect has moved from the
fringes of science into the
mainstream. We now have a
scientific consensus that the
problem is not only real but
also threatening, As a result,
we should take stronger action
to confront the issue. We
should speed up efforts to elim-
inate the remaining areas of
uncertainty and confusion. We
should overcome the refusal of
federal agencies to ook at the
role of trace gases in the green-
house effect. We should be ag-
gressive in forging internation-
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alscientific alliances to address
the research agenda thorough-
Iy.” And to Representative
Brown: “The CO, problem is
helping us to engage in long-
term social and economic
thinking that’s bound to facili-
tate the adaptability of the hu-
man species. As you can eastly
perceive, I take the global out-
look. I'm for anything that fa-
cilitates the adaptability of the
hurnan species.”

utlisten to the polit-

ical dissenters, too,

“Even if the worst

of the predicted cli-

mate changes show

up,” says policy

specialist Schelling,

“carbon dioxide isn’t going to

be on my list of the half-dozen

things we need to worry about.”

In fact, what we do or don’t

do may finally have little bear-

ing. Says Woodwell, “The se-

ries of problems associated

with carbon dioxide build-up

will become major issues in the

next century, whether we ad-

dress them now or not. They’ll
press themselves upon us.”

After spending a morning in
July talking about the difficul-
ties of spotting the signal in the
record of global mean tem-
perature, climatologist Mick
Kelly and I stroll across the
East Anglia campus in Nor-
wich to lunch in the Fainsbury
Centre for Visual Arts, an alu-
minum-sheathed building set
in & vast lawn beside the River
Yare. The building is equipped
to regulate its own internal en-
vironment, but, says Kelly, “it
can get awfully muggy in here
in the summer.” We push our
trays through the cafeteria
line, and then sit beside a
three-story glass wall at one
end of the building. There has
been trouble with kingfishers,
which, perhaps mistaking the
expanse of window for open
space, fly into the glass. There’s
a solution, says Kelly—putting
hawk decals on the windows—
but no one has done it yet.

We ask Hubert Lamb to join
us. Lamb, who's now retired,
essentially founded the field of
historical climatology, intro-
ducing scholarly rigor into the
analysis of the sporadic and

sometimes unreliable weather
records dating back several
centuries, Our conversation
starts out on a hopeful, philo-
sophical note: we agree that
one benefit that has come from
interest in the CO; question is
a consciousness-raising: it has
forced scientists to pay atten-
ton to the notion that re-
sources are finite, and to see
the earth’s biological, geologi-
cal, and chemical systems as
interconnected and interde-
pendent. A heartening number
of researchers engaged instudy-
ing CO; lean toward an inte-
grative, interdisciplinary ap-
proach. Holisticeven. Thissort
of global awareness can’t
be bad.

Weend, however, ona glum
note. Kelly, like every scientist
Pve talked to about global
warming, has been careful to
emphasize the uncertainties
surrounding the subject, but
now he admits to a concrete
and specific worry. “If the re-
cent run of droughts in Africa

‘and the eastern U.S. is typical

of what we’re going to see
with CQOz-driven warming,” he
says, “then there’s going to be
unprecedented pressure on the
globe. Then we’re looking at
death on an enormous scale. If
that’s so, then CO; build-up is
a problem not of academic
concern alone, [t’s not just en-
vironmentalist claptrap.”

Lamb takes the high road.
Maybe things will work out de-
spite us. Maybe nature will
somehow thwart our best ef-
forts to make a mess of the
planet, or we'll modify
our technology and muddle
through.

Leaving the campus, mar-
veling at a grouping of flori-
bunda rose bushes covered
with salmon- and cream-col-
ored blooms the size of tea-
cups, and at the benign climate
of this northernland, I can’trid
myself of the troubling image
of kingfishers dead at the foot
of thé glass.




