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than 13 miles, ‘for six hours at a time.
Both aircraft were part of an unprece-
dented, 510 million scientific mission car-
ried out by the ULS. under the combined
sponsarship of NASA, the Mational Ocean-
ic and Atmespheric Administration, the
Mational Science Foundation and the
Chemical Manufacturers Association.
The purpose: to find out why the layer of
ozone gns in the upper aimosphere, whach
protects the earth's surface from lethal so-
[ar uliraviolet radiation, was badly deplet-
ed over Anitarctica. The scale of the mis-
sign reflected an intensifying push to
understand the detailed dynamics of po-
tentially disastrous changes in the climate.
The danger of ozone dapletion i only part
af the problem: scientisis are also con-
cerned about the “greanhouse effect,” a
long-term sarming of the planet caused
by chemical changes in the atmosphere.
The threat to the ozdne was first dis-
covered in 1983, when scientists with the
British Antarctic Survey made the star-
tling abservation thal concentrations of
ozone in the stratosphers were dropping il
a dramatic rate over Antarctica each aus-
tral spring, only 1o gradually become re-
plenished by the end of November, At first
they speculaied thal the phenomenon
might ba the result of incregsed sunspol
mctivity of the unusual weather systems of

tha Antarctic. T is now widely accepted
that winds are partly responsible, but sci-
entisls are incréasingly convinced that
there is a more disturbing factor at work.
The'culprit; a group of man-made chemi-
cals galled chloroflucrocarbons (CRES),
which are ged, among other things, as
coolants in refrigerators and air condition-
ers, for making plastic foams, and as
cleaning solvents fof microglectronic ir-
cuitry.  Mounting evidence has demon-
strated that under cerain conditions these
compounds, rising fram earth high into
the siraiesphere, set offchemical reactions
that rapadly destroy orone.

The precise chemisal process is stll
uncertain, but the central role of CFCs is
undeniable, Last month Barngy Farmer,
an atmospheric physicist at the Jet Pro-
pulsion Laboratofy in Pasadena, Calif,
announced ‘that his ground-based obser-
valions as a member of the 1986 Antlarclic
Mational Ozone Expedition pointed di-
rectly to a CFC-oeong link. "The évidence
isn't final.” 'he sad, “but s sirong
encugh.” Earlier this month, resulls from
MASAS Puntal Arenas project confirmed
the bad news. Mot only was the ozone hole
more severely depleled than ever be-
fore—fully 50% of the gas had disap-
peared during the polar thaw, compared
with the previous high of 409, in 1985—
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but the CFC connection was more evident,
Mates Sherwood Rowland, a chemist at
the University of California at Irvine:
“The measurements are cleaner this time,
mvore detailed. They're secing the chemi-
¢l ¢haln more clearly.”

Atmospheric scientists have long
known that there are broad historical cy-
cles of global warming and cooling; most
experts believe that ihe earth’s surface
gradually began warming after the last ice
age peaked 18,000 years ago, Bul only re-
cently has it dawned on scientists that
these climatic cycles can be affected by
man. Says Slephen Schneider, of the MNa-
tional Center for Almospheric Research
in Boulder: “Humans are allering the
earth's surface and changing the atmo-
sphere at such a rate that we have become
a competitor with naatural forces that
maintain our climate, What is new is the
polential irreversibility of the changes
that are mow laking place.”

Indesd, if the oeone layer diminishes
over populated areas—and there is some
evidence that it has begun to do =6, al-
though nowhere as dramatically as in the
Antarctic—the consequences could be
dire. Ultraviolet radiation, a form of light
invigible to the human eye, couses sunburn
and skin cancer; in addition, it has been
linked to cataracis and weakening of the
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marked the end of the ice age. And that
change, notes Schneider, “completely re-
vamped the ecological face of Morh
America.”

The relationship between OOy emis-
sions and global warming is more than
theoretical, Two weeks ago, a Soviet-
French research (eam anmounced impres-
sive evidence that OO0 levels and world-
wide average lemperatures are intimately
related. By looking at cores of Anlarciic
ice, the researchers showed that over the
past 160,000 years, ice ages have coincid-
ed with reduced C0; levels and warmer
interglacial periods have been marked by |
increases in production of the gas.

Although the region-by-region effects
of rapid atmospheric warming are far
from clear, scientisis are confident of the
overall trend. In the next half-century,
they fear dramatically aliered weather
patterns, major shifts of desents and fertile
regions, intensification of tropical storms
and a rise in sea level, caused mainly by
the expansion of sea waler as it warms up.

The arena in which such projected cli-
matic warming will first be played out 15
the aimosphere, the ocean of gases that
blankets the earth. It i3 a remarkably thin
membrane: if the earth were the sioe of an
orangs, the atmosphers would be only as
thick as its peel. The botiom layer of the
peel, the troposphere, is esentially whers |
all global weather takes place; it extends |
from the earth's surface to a height of
ten miles. Because air warmed by (he
earth's surface rises and colder air rushes

HOW OZONE IS DEST ROYED

immune system. Without czone (o screen
out the ultraviolet, such ills will certainly
increase. The Mational Acad-:m:.r of Sei-
ences estimates that a 196 drop in orone
levels could cause 10,000 more cases of
skin cancer a year in the ULS. alone, a 2%
increase. These dangers were enough to
spur representatives of 24 countries, gath-
ered at a United Nations-sponsored con-
ference in Montreal last month, (o agres in
principle to a treaty that calls for limiting
the production of CRCs and similar com-
pounds that wreak havoe on the ocone,
Potentially more damaging than

orone depletion, and far karder o control,
is the greenhouse effect, caused in large
part by carbon dioxide (COz), The effectof
C; in the atmosphers 15 comparabie (o
the glass of a gresnhouses: it lets the warm-
ing rays of the sun in but keeps axcess heat
from reradiating back into space. Indeed,
man-made contributions (o the gresn-
house affect, mainly OO that is generated
by the burning of fossil fuels, may be has-
tzning a global warming trend that could
raise average lemperatures between 2° F
and §* F by the year 2050—or batween five
and ten times the rate of increase that

down to replace it the tropospherns is con-
stantly churning. A permanent air fow
streams from the poles to the equator at
low altitudes, and from the equator (o the
poles at higher levels. These swirling
air masses, distorted by the rotation of
the earith, penerate prevailing winds
that drive weather ncross the hemispheres
and aid the spread of pollutanis nio the
troposphers, Above this turmoil, the
strnfosphere extends upward (o about 30
miles. In the lower stratosphere, hiwever,
riging air that has been growing colder at
higher and higher altitudes begins to lurn

Flying High—and Hairy

rom preflight preparation (o landing, piloting NMASA's spe-

cially equipped ER-Z high-altitude research aircrafl is nol
for the fainthearted. The three pilots who flew the twelve solo
missions through the Antarctic czone hole found the task gru-
eling. An hour before zooming into the siratosphers, each had
o don & bright orange pressure suit and begin breathing pure
oxygen o remove nitrogen from the bloed and tissues, thus
preventing the bends, which can result from rapid reductions
in air pressure. Once airbome, “vou have to have patience,”
says Pilot Ron Williams, who flew the first mission. “"You'ne
strapped into a seat and can’t move for seven hours.”

Although the pilots had been briefed by meteorologists on
what (o expect, they still found conditions aloft astonishingly
harsh. Accustomed to clear, broad vistas at high altitudes, the
pilots—who ook the ER-2 as high as 68,000 fi.—were stariled
o encounter layers of translucent mist composed of tiny ice

BT INRE T T —a AN AR T

Harsh and lonely work: MASA's high-altitude ER-2 research plans
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| on the turbulent troposphere bebow,

warmer. The reason, in a word: ozone.
Owome (Os) 15 o form of oxygen that
rarely occurs naturally in the cool reaches
of the troposphere. It is creaied when or-
dinary axygen molecules (03] are bom-
barded with solar uliraviolet rays, usually
in the stratosphere, This radiation shat-
ters the oxygen molecules, and some of
the free oxygen aloms recombine with O
to form Oy The configuration gives il a
properly that two-atom oxygen does nol
have: it can efficiently absorb ultravioked
light. In doing 50, 0xong prolecis oxygen
at lower altitudes from being broken up
and keeps most of these harmful rays
from penetrating to the carlh’s surface
The energy of the absorbed radiation |
heats up the ozone, creating warm kayers |
high in the stralesphere that act as a cap

Ozone molecules are constantly being
madi, Bul they can be destroyed by any of a
number of chemical processes, mosi of
them gaturnl. For example, the sirato-
sphere receives regular injections of nitro-
pen-bearing compounds, such as milrous ox-
ide. Produced by microbes and fossil-fuel
com bustion, the gas rides the rising air cur-
rents 1o the top of the troposphere. Forced
higher still by the tremendous upward push
of tropical storms, it finally enters and per-
colates showly into the stmtcspherne

ike most gaseous chemicals, man-
made or natwral, that reach the
strnbosphers, nitrous oxide tends to

al Academy of Sciences report likened the

stay there. Indeed, a recent Nation- | Werse than ever: sateliite image recorded Oct. 5 showing ozone hole over Antarclica
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upper atmosphers “1o.a city whose garbage
is picked up every few years instead of dai-
Iy, As long as five years after it leaves the
ground, WO may finally reach altitudes of
1% miles and above, where il 15 broken
apari by the same uliraviolet rmdiation that
creabes ozone, The resulting fragmenis—
called radicals—atiack and destroy more
orone meoleculss, Another crone killer is
methans, a carbon-hydrogen compound
produced by microbes in swamps, mice pad-
dies and the intestines of sheep, cattls

and termites,

For millenniums, the process of omone |I

production and destruction has been more
or bess in equilibrium. Then in 1928 a group
of chemists at General Motors invented a
ponloxic, inert gas (meaning that it does
mol eagily react with other substances) that
wals first used as a coolant in reffigemtons
By the 1960s, manufacturers were using
similar compounds, generically called
chlorofluorocarbons, as propellants in
aerosol sprays. As industrial chemicals,
they were ideal. “The propellants hid to be
inert,” saws Chemisi Ralph Cicerone, of

the Mational Center for Altmospheric Re- |
search, “You didn't want the spray in & cin
lnbeled ‘hlue paint” (o come out réd. Since
then the growth of CFCs has been fabulous,
and they've been pretty useful” Indeed,
CFCs turned out to be o fumily of miracke
chemicals: produced at a rate of hundreds
of thousands of tons yearly, they seemied al-
miost Lo good o be e,

They were, In 1972 Rowland heard a
report that trace amounts of CFCs had been
found in the atmosphere in both the north-
arn and southern hemispheres, Whal wene

particles. “T went into clouds at 61,000 ft., and 1 didn't come out  scientists, flew no higher than 42,000 fL. on its 13 missions, and
the whole time," says Williams of the first flight. Another sur-

those on board were free (o move about. But heavy clowds ob-

prise: temperatures did not warm when the plane soared into  scured views of Antarctica most of the time, and the fAights

the stratosphere. Instead, they plummeted to
= |30FF, low enough 10 cause worries aboul a
fuel freeze-up.

AL 60000 ft,, winds as high as 150 knots buf-
feted the aircrafl. Even so, the real difficulty
came from $0-knot gusis that tossed the plane
arpund during landings. With special scientific
instruments installed in pods on its long, droopy
wings, the ER-2 is “like a big albatross—it's
heavy-winged."” says Operations Manager
Tames Cherbonneaux of MASA's Ames Research
Center. While watching a particularly hairy ap-
proach to the runway at Punta Arenas, he re-
calls, “Tchewed a little bit of my hear out.™

Conditions aboard the THC-8 were consicder-
ably better. The plane, which carried up to 41

_ were a tedious eleven hours long. Observes Al-
& mospheric Scientist Ed Browell, of NASA's Lang-

ley Research Center in Virginia: “1 sort of lik-
ened whal we were doing to taking off from the
East Coast, fiyving to the West Coast 10 do our
waork, then fving back East to land.”

To break the monolony, scientists took
aboard a varety of stuffed animals, including a
seal, cat and penguin, and warmed up snacks of
pizza, empanadas, popcorn and hamburgers in
the microwave oven. Cabin temperaiure was
kept cool 1o avoid overheating the high-tech in-
strumentation. Says Atmospheric Physicist
Gieoffrey Toon, of the Jet Propulsion Laboratory
in Pasadena, Calif: “If you tried to sleep during
your off hours, usually you froze.”
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they doang there? The answer, a8 Rowland
and his colleague, Mario Molina, soon
found, was that there was nowhere else for
them to go but into the atmesphere. CPCs in
aercsol cans are sprayed directly into the
air, they escape from refrigerator coils, and
they evaporate quickly from liquid cleaners
and sbowly from plastic foams,

In the troposphers, CFOS Are imomumne 1o
destruction. But in the siratosphere, they
break apart easily under the glare of ultravi-
olet light. The result: free chlorine atoms,
which attack oeone to form chloring mon-
oxide (C1O) and O The C1O then combines
with a free oxygen atom (o form O and a
chlorine atom. The chain then repeats itself.
“For every chlorine atom you relsase,” says
Rowdand, * 100000 molecules of orone are
removed from the atmosphere.”

Factory in Saskatchewan: industrial
emisslons Increase alrboma G0z

reason: compulers prescreening data from
monitoring satellites had been pro-
grammed (o dismiss as Suspicious presum-
ably wild data showing a 30% or greater
drop in ceone levels. Afler British scientists
reported the deficit in 1985, NASA went
back (o its computer records, finally recog-
nizing that the satellite data had been
showing the hole all along

Sill, the existence of an ozone hole did
not necessarily mean CPCs were 10 blame,

| and a number of aliernative explanations

were proposed. Among them, savs Dan Al-
britton, director of the Federal Gowvern-
mient’s Aeronomy Laboratory in Boulder,
wis the notion that the “hole did not sign-
Iy an orone loss at all, just a breakdown in
the distribution system.” An iniermuption
in the movement of air from the tropics,

Termite mound in Australia: a prolific
producer of methane gas

exisgis and that iis abundance is high
encugh to destroy ceone, (four understand-
ing of the catalytic eyvcle 5 comest. 'We
need o go back o the lab and resolve the
uncertainty.”

That is not all. Scientists are still not
completely sure why the hole remains cen-
tered on the Antarctic or why the depletion
i% 50 severe, It may have to do with the pe-
culiar nature of Antanctic weather. In win-
ter the stratosphere over the region is actu-
ally sealed off from the rest of the world by

| the strong winds that swirl around it, form-
| ingan all but impenetrable voriex. Says Ci-
| cerone: “Looking down at the South Pole is

hike watching flud draining in a sink. [t's
like an isolated reactor tank. All kinds of
mischiel can occur.”

One likely source of mischiel making:

Abandaned refrigerator: coolamts
are made up of ozone-attacking CFCs

S — T

In 1974 Rowland and Molina am-
nounced their conchsion: CRCS were weak-
ening the opone layver enough o cause a
marked increase in skin cincers, perhaps
enough to perturb the planet's climate by

profile. In 1978 the ULS. banned their use in
spray cans, “Peopls astimmed the problem
had been solved.” recalls Rowland. But the
Europeans continued (o we CFCS in asrosol
cans; other uses of CFCs began (o increase
worldwide, Savs Rowland: “All along, cril-
ics complained that ozone depletion was
niod based on real atmospheric measune-
ments—until, that is, the ozone hole ap-
peared, Mow we're nol talking about crons
losses in 2050, We're talking about losses
last year.”

For several years MASA's scientists
fuiled to accept data on the Antarctc
ozone hole that was before their eyes. The

rejugeling the siralosphere’s lemperaiure |

where most cepone is created, to the poles
could easily resull in less cnone resching
the Antarctic. Another theory: perhaps the
sunspal activily that peaked around 1980
created more ozone-destroying  nitrogen
radicals than wsual, which would be acti-
valed each spring by sunlight.

Bul while mel scientists agree that at-
mospheric chemistry and dynamics are
major causes, the increased scrutiny of the
Antarctic atmosphere following the dis-
covery of the hole has seriosly undercut
the sumspot theory. Data from Punta Are-
nas, says Robert Wilson, a NASA scientist
involved in that study, made the verdict all
but final. Mitrogen and ceone levels were
down, but concentrations of chlonine mson-
oxide were 100 Limes as greal as equivalent
levels at temperate latitudes. Says Watson:
“We can forgel the solar theories. We can
no longer debate that chlorine monoxide

clouds of ice particles in the polar strato-
sphere. Explains Rowland: “Mostly, you
don’t get chowds in the stratosphere because
sl of the water has been frozen oul earli-
er. But if the temperature gets low enough,
youl start freexing out the rest.” Indeed, ics
may prove o be a central cause of the
oo hole, sinoe il provides surfaces fof 4
kind of chemistry only recently associnted
with reactions in the atmosphere, In a gas-
cous state, molecules bounce around and
eventually some hit one another, But add-
ing a surface for the molecules to collect on
speeds up the reactions considerably,

It 15 not yet clear whether orone de-
pletion in the Antarctic is an isolated phe-
nomencn or whether it s an ominous
warning signal of more slowly progressing
ozone destruction worldwide. Data indi-
cale that the decline over the past eight
vears is 45 (o 5%, Scienlists estimale that

62

TIME ACTORED 160 1667




natural destruction of the crone could ac-
count for 296 of that figure. The Antarctic
hole could explain an additional 1%. The
remaining 1% to 2% could simply be the
resull of normal Auciuations. As Albrit-
tom’s research team reporied, “A deple-
tion of this magnitude would be very diffi-
cult 1o identify against the background of
poorly understood natural variation.”
The same can be said for the green-
house effect: it is too soon to tell whether
unusual global warming has indeed be-
gun. Unlike czone depletion;, the green-
howse effect is a natural phenomenon
with positive consequences. Without i,
points out Climate Modeler Jeff Kiehl, of
the Mational Center for Almospheric Re-
gearch. “the earth would be uninhabit-
ahle, It is what keeps us from being an ice-
| frozen planet like Mars.” Indeed, if gases
| like O did not trap the sun's energy, the

Clearing the Amazom: deforestation
adds to the greenhouse effect

Fast-food leftovers: deterlorating plastic
foam containers glve off CFCs

==

continues, that concentration will double,
trapping progressively mons infrared m-
diation in the atmosphere.

The consequences could be daunting.
Says Mational Center for Atmospheric
Research's Francis Bretherion: “Suppose
it's August in Mew York City. The tem-
perature is 95% the humidity is $5%. The
heat wave staned on July 4 and will con-
tinue throwgh Labor Day." Whils warmer
temn peratures might boost the fish catch in
Alaska and lumber harvests in the Paciflc
Morthwest, he says, the Great Plains
contld become a dust bowl; people would
move north in search of food and jobs, and
Canada might rival the Soviet Union as
the world's most powerful nation. Breth-
erton admits that his scenario is specula-
tive. But, he says, “the climate changes
underlying it are consistent with what we
believe may happen.”

Sichuan paddies: underwater bacterla
generate haat-absorbing gases

athan, “we've committed oursslves o s cli-
matic warming of between one and thres
degrees Celsius [1.5°F to 54" Fl, but we
haven't s=en the effect.” This exira heat,
now trapped in the oceans, he says, should
be released over the next 30 to 50 years—
uribess, of course, an event like a big volca-
nic eruplion counteracts it. Motes Ramin-
athan: “By the time we know our theory B
correct, it will be too kate to stop the heat-
ing that has already occurred.” Schoeider
sees no nesd 1o wail, Says he: “The green-
house effect is the least controversial the-
ary in atmospheric science.”

biaybe, But climate is governed by an
array of forces that interact in diznyingly
complex ways. The atmosphere and
oceans are only two major pieces of the
puzle. Ao involved: changes in the
earth’s movements ns it orbits the sun, po-
lar ice caps, and the presence or absence of

carth's mean temperature would be O F,
rather than the current 59,

Still, as far back as the late 18580s,
Swedish Chemist Svante Arrhenius had
begun to fret that the massive burning of
coal during the Industrial Revalution,
which pumped unprecedented amounts of
C0; into ihe aitmosphere, might be too
much of a good thing. Arrhenius made the
startling prediction that a doubling of at-
mospheric C0; would eveniually lead toa
9" F warming of the globe, Conversely, he

by diminished levels of the gas. His con-
temporaries scoffed. Arrhenius, however,
wis expcily might. In his time, the CO5
concentration was about 280 to 290 parts
per million—just right for o mederately
warm, interglacial period. Bul today the
count stands at some 340 p.pm. By 2050,
ifl the present rate of burning fossil fuels

sugpested, glacial pericds might be Guged |

Such changes may alrendy be under
way., Climatologists have noted an in-
crease in mean global temperature of
about 1" F since the turn of the century—
within the range predicied if the green-
house affect is on the rise. But, warns Rog-
er Revelle, of the University of California
al San Diego, “climate is & complicated
thing, and the changes seen 50 far may be
due to some other cause we don't yet un-
derstand.™ The absence of a clear-cut
signal, however, does nol disprove the
theory. Scientisis expect any excess
greenhouse warming to be masked for
quite some (ime by the enormous heal-
absorbing capacity of the world's oceans,
which have more than 40 times the
absorptive capacity of the entire
atmosphers.

“Right now," declares University of
Chicagn Atrmospheric Scientist V. Raman-

vegetable and animal life. “The feedbacks
are enormously complicated,” says Mi-
chael MacCracken, of the Lawrence Liver-
more Mationil Labosatory in Califormn.
“Tt's like o Ruobe Goldberg machine in the
sense of the number of things that interact
in order to tip the world ints fire or ice.”

One of the most fundamental ele-
ments of the Rube Goldberg machine is
the three astronomical cycles first de-
seribed by Serbian Scientist Milutin M-
lankovitch im the 1920s. The swings,
which involve long-ierm variations in the
wobbling of the earth’s axis, its tilt and the
shape of its orbit around the sun, oocur ev-
ery 22000, 41,000 and 100,000 years, re-
spectively. Topether they determine how
much solar energy the earth receives and
probably cause the earth’s periodic major |
ice ages every 100,000 vears or 5o, as well
as shorter-term cold spells.
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Cloudy Crystal Balls

limatologists regularly issue confident warnings about

impending atmospheric disasters. The secret of their
wizardry; sophisticated computer models, which are no more
than mathematical representations of the worlds climate
and the conditions that scientists think may contribute 1o a
specific phenomenon like, say, ozone depletion. Unforiu-
nately, when all the variables are fed into the computer, the
predictions can fail miserably to match reality.

Take the Antarctic ceone hole, for example. Before it
was discovered, climate modelers trving 1o simulate czone
loss in the atmosphere had nod yet

Princeton Climatologist Syukuro Manabe. “How well do
they reproduce the movement of the jet stream, the geo-
graphical and seasonal distribution of mainfall and lempera-
ture? You can also reproduce climate changes from the past.
Eighteen thousand years ago, there was a massive continen-
ial ice sheet. Given the condilions that we know existed, can
we reproduce accurately the distribution of sea-surface tem-
peratures then? The answer i, We can do this very well. Tt
gives you some confidence.” phenomena can be
modeled more ily than those ing small areas. So
when it comes to the global warming produced by (he green-
house effect, for example, the outlines are predictable but the
specifics are not. Says Manabe: “All we can say is that may-
be the mid-continental US, b

factored in the presence of ice
clouds in the Amntarctic strato-
sphere. Thus their models failed
to predict the exisience of the
ceone hole, After the hole was fi-
nally stumbled wpon two years
ago, Susan Solomon, a chemist at
the Mational Oceanic and Atmo-
spheric Administration in Boul-
der, and Rolando Garcia, of the
Mational Center for Almospheric
Research, plugged more numbers
into MCAR's computer model o
account. for the Antarctic ice
clowds. Bang! The hole appeared.
Dioes that mean, as one critic
put it, that models projecting cli-
matic change are “just the opin-
ion of their authors about how the
world works™? Mol necessarnly.
That the model eveniually proved
accurate, if only in hindsight, was
o tribate to the powers of compul-
er climate models—and a demon-
stration of their shorcomings,
The models attempt to reduce the
carth's climate to a set of grids
and numbers, then manipulaie
the numbers based on the physi-
cal laws of motion and thermo-
dynamics. The sheer number of
calculations involved is mind-
bogpling. A three-dimensional

A major drawback of comput-
er models is that the various data
do nol necessarly behave as a
system. Coaxing ocean currenis
to interact with the atmosphere is
ne small matter. For starters,
oceans heat and cool far more
slowly than the atmosphere.
“We've had a hard time coupling
the two sysiems,” admils Man-
abe. “Even though the atimo-
spheric model and ocean model
work individually, when you put
them together, you gel crazy
things happening. It's taken us 20
years o gel them together, and
we're still struggling.”

Oizetting the obvious weak-
nesses of climate models, says
Warren Washingion, who devel-
oped the model now used at
NCAR, &5 one significant adwvan-
tage, “They are experimental
ools that allow us to test our hy-
potheses.” he says. “We can ask
such questions as “What happens
when a big volcano like EI
Chichdn goes off 7’ and "How
much will the earth warm up by
2030 if we continue o d!ump OOy
into the atmos

Models can also describe the

model, for example, requires
more than 500 billion computa-
tions to simulate the world's climate over one year,

Mot surprisingly, the earliest models in the 1960 were
hopelessly simplistic. The earth's surface was often redwced
1o one continent with one ocean, fixed cloud cover and no
sensons. Bul as com puting power grew, so did the complexity
of climate modeling. Continents were added. 5o were moun-
tain ranges, deeper oceans and surfuce reflectivity.

Even so, climate modelers admit, building a completely
realistic mock earth is an impossibly tall order, “You divide
the world into & bunch of little boxes,” explains Michasl
MacCracken, an atmospheric scientist at Lawrence Liver-
more Mational Laboratory. The size of the geographic
box—ithe degree of detail called for—limits the model
amaller grids dramatically increase the number-crunching
power required. “The state of the art would be to get down 1o
small areas 50 we can say what's going 1o happen in Oma-
ha,” says Livermores Stanley Grotch, “The models just
aren't that good yel.”

Why, then, do scientists trust them? How do they assess
their accuracy? “You compare them with reality,” explains

effects of climatic phenomena
that have never besn seen. In
1983 a group of scientists that included Cornell’s Carl Sagan
calculated what would happen if the US. and the Soviet
Union fought a nuclear war, Their conclusion: the dust and
smoke from burning cities would blot out enough sunlight to
plunge the land into a “noclear winter” that would devastate
crops and lead (o widespread starvation.

The problem with their model was that it ignored such
key factors as winds, oceans and seasons. When NCARs Ste-
phen Schneider and Starley Thompson ran the numbers
through their agency’s three-dimensional computer model,
they found that the winter would be more like a “nuclear au-
fumn.” Schneider says the less dramatic conclusion does not
change the fact that “nuclear auiumn is not going (o be a nice
picnic out there on the rocks watching the leaves change col-
or,” Despite the limitations and omissions of climate models,
he argues, scientists cannot afford to ignore their predictions.
They are, he concedes, a “dirty crystal ball. The question is,
How long do you wait to clean the glass before you act on
what you see inside?"” — By Danvidl Blerhilie,
Reported by I Madelaine Nash/Chicago
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Bui Milankovitch cycles only scratch
the surface of climatic change, Volcanoes,
for example, send up veils of dust that re-
flact sunlight and act o cool the planet,
Deserts, with their near white sands, also
reflect sunlight, as do the polar ice caps.
Tropicil rin forests, however, have the op-
posite effect: their dark green odiage, like
the dark blue of the ocean, absorbs solar ra-
diation: both tend o warm the planet.

Clouds, which shade about half the
earth's surface at any given time, are an-
olther 1mporiant climatic facior. 5;1}'3
Tames Coakley of the Mational Center for
Atmospheric Research: “IF you heat up
the atmosphere and pump more waler in,
clowds will change. But how? We don't
know.” Water vapor, for example, i yet
another greenhouse gas, but the white-
gray surfaces of clouds reflect solar énér-
g¥. Which effect predominates? Answer:

it depends on the cloud. The bright, low-
level stratocumulus clouds reflect 609% of
incoming solar rays. But long, thin mon-
soon clowds bet solar heat in while pre-
venling infrared radiation from escaping.
Another contributor to climatic
change is the bissphere—scientific jargon
fior the realm of all iving things on earth.
And it is the biosphers that threatens to
tip the balance. To be sure, many of its ef-
fects are natural and as such have long
been part of the climatic equilibrium. Ter=
mites, for example, produce enormous
amounts of gas as they digest woody vege-
tation: a singls termite mound can emit
five liters of methane a minute, The meth-
ane escapes inlo the atmosphere, where it
can not only destroy ceone bul mlso acl as
a greenhouse gas in its own nght. ~Ter-
mites,” says Environmental Chemist Pat-
rick Zimmerman, of the National Center
for Atmaospheric Research, “could be re-
sponsible for as much as 509 of the wial
atmospheric methanes budget.”
| Actually, the bicsphere becomes a
problem only when humans get involved.
In Brazil the Amazon rain forest, which

once covered 3 million 5q. mi., has been
slashed by an estimated 105 o 15% as the
region has been developed for mining and
agriculiure: an additional 209 has been se-
rionsly disturbed, When the downed trees
are burned or rot, CO; and other green-
house gases are released. The same kind of
deforestation in Africa, Indonesin and the
Philippines, say expens. may already be
helping to make the world warmer.

T make matters worse, a host of oth-
er gases are now known Lo add o the
greenhouse effect. In 1975, Ramanathan
wis amared to discover that Freon, o
widely used CRC, was an infrared absorb-
er. “Tt had a very large impact,' he says.
“Since then, tracking down Lhe role of
other trace gases has become & collage in-
dustry. There are dorens of them, and
they are rivaling the effects of increasing
C05" In fact, by the year 2030 the sarth

i

Vision of heat and desolation: mew concems that the now fertile U5, Midwest could become a dust bowl within 60 years

will already face the equivalent of a dou-
bling af COy, thanks to these other rapidly
incrensing gases, including methane, ni-
trous oxide and all the CFCs, “These are
the little guys,” says Schneider. “But they

| mickel and dime you 10 the point where

they add up 1o 50496 of the problem."”

greenhouse effect or the depletion of

the world’s ozone? The Montreal ac-

cord, agreed to kast month after nearly
five years of on-and-ofl’ negotiations, is a
gooxd start on oeone. TLcalls on most signa-
tory countries to reduce production and
consumplion of CFCs by 509 by 1999, De-
veloping nations, however, wall be al-
lowed to increase their uwse of the chemi-
cals for a decade s0 they can catch up in
basic technologies like refrigeration. The
net efiect, insist the treaty's advocates,
will be a 35% reduction in total CFCs by
the wern of the century.

Some expents do not believe the pro-
jected cutback is good enough., Says Row-
land: “The Montreal agreement simply
isn't sufficient to protect the ozone. We

Ia there any way to slow either the

should have signed a treaty that reduced
CFC production by 958%—not  S00"
Monetheless, the Environmental Protec-
tion Agency has calculated that without
the accord, a staggering 131 million addi-
tional cases of skin cancer would cccur
among peaple barn before 2075,

Any similar atlempt (o ease the
greenhouse effect by imposing limils on
COy and other emissions 15 unlikely. Jahn
Topping, president of the Washington-
based Climate Research Institute, argues
thit adjustments in agriculiural prodoc-
tion, like limiting the use of nitrogen-
based fertilizers, would have only a slight
effect. A more important step would be o
protect the tropical rain foresls, a move
that would certainly be resisted by dewel-
opers. Obviously, the most far-reaching
step would be to cul back on the use of fos-
5il fuels, a measure that would be hard 1o

il

B

A

accomplish in  industrialized countries
without a wholesale turn (o energy con-
servation or alternative forms of power,
In developing countries, such reductuns
might be technologically feasible but
would be all but impossible to canry out
politically and econamically.

Until now, the earth's climate has
been a remarkably stable, self-correcting
machine, letting in just the right amount
and type of solar energy and providing
just the right balance of temperature and
micisture to sustain life. Alternating cycles
of cold and warmith, as well as greater and
lesser concentrations of different gases,
have forced some species into extinction.
The same changes have helped others
evolve. The irony is that just as we have
begun to decipher the climatic rhythms
that have gone on for hundreds of millions
of years, we may have begun to change
them irrewocably, And as the unforesesn
discovery of the azone hole demonstrates,
still more unexpected changes may be on
the way. — By Michue! D, Lomonici.
Reported by L Madsleime Nash/Bowlder, with
other bureaus
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