‘We can’t

change the
concentra-

| tion of these.

gases in the
atmosphere
without
having a
consequence
on the
. climate.
The fact
that we
can’t
predict
what that
climate is
going to be
doesn’t
mean that
if won’t
happen.
We can’t
predict
earthquakes,
but we know
that they
happen.’

~F. Sherwood
Rowland,

otmospheric
chamist
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HEN the Du Pont Company
annonnced it was shutting
down its plants that make

ozonc-destroving chlorolurocarbons
(CFCs), countries around the would
started calling, asking o buy them.

“Since we announced this total

hasecn of GFCs, we have had nom-
ber of inguires from developing coun-
tries that account for 60 to 74 percent
of the world's population to buy our
plants or o buy CFC echnology.”
savs Leo E. Manzer, a rescarch man-
ager at Du Pomy, the world's Targest
producer of CFCs,

Du Pont refused to sell the plants,
giving as its reason that CFCs made in
developing countries are as bad for
the Earth's ozone shicld as GFCs
miade in the Unired States.

The Du Pontaction folowed an in-
ternational agrecment three years
ago. when 23 nulustrialized couniries
gathered in Montreal and promised
to cut thew productionof CFCs by the
vear 1909, “Five [CFC) plants have
started up since the treaty was signed
i 1937 7 D, Manzer savs.

lu his faboratory at the Limversity
of Califormia ar Livine, F. Sherwood
Rowkinel, an armosphericchemisi, an-
atrzes sarples of adr om all over the
warkd. Fle has foond mdustrial chem-
ieals ke CFC-13, wsed almost exclu-
stvely in the electronics indusrev, i
places as temote as Barrow, Alaska.
“There is vo place in the warld that
people live that is free of this pollu-
tion.” Dr, Rowlane savs,

Litihike simog o radiation, CFCs do
not pose @ diveet thrent o hiaman
lealdly. The chemicals, which are nsed
as propellents i aerosol-spray cans.
1 blow foam. and in vefrigerators,
eveniually escape into the atmosphere
where  they  conivibute 1o global
warming and hreak down the orone
laver that shiclds the surface of the
Earth from the sun's deadiv ulira-
viotet Tadiation, “When they stop be-
coming a greenhonse problem, tbey
start becoming an vzone problem,”
savs Domald Blake. a postdoctoral re-
search assistant in Rowland's Tabora-
tory,

Sixteen years ago, Rowland and
Marie Mohna published an article in

the journal Nanare, byputhesizing -

thar CFCs migle damage vzone in the
upper atmosphere. Although  Row-
land and . Moling kacked proot of
actual ozone destruction, their argn-
ment was convineing coowgh that the
United States, Canada, Sweden, and
Norway banned the use of CFCs in
mast aerasnbspray cans,

In WE5, Dr. John Farman, a scien-
tist fiae the Rritish Survey. published a
e 1 Moture that sued fhe ozone

Search for Answers to ¢

over the Halley Bay Station had been
decreasing since 1957, Two vears
later, a modified 17-2 spy plane flving
over the Antarcric confirmed the
ogone haole. Experiments praved that
chlorine released by CFCs was the cul-
prit.

Companies like Du Pont are now
hurriedly searching fov ways of mak-
ing CFC alternarives. Bur with $135
billion of equipment that uses CFCs in
the United States alone, Manzer says,
replacements must match the physical
properties of the CFCs closcly. [Fa re-
placement gas expands mare when
heated chan does GFC-12, commonly
used in automobile air conditioners, it
might blow pressure-relief valves in
cars on a kot day, he says.

Asecond problem with the alteyna-
tives is their price: Because the substi-
twe chemicals require three or lour
steps to manmitfactere, instead of the
single step for most CFCs, they will
probably cost three o fve times as
much. That cost will be especially dil-
ficvdt for developing countries - the
countries nuw sceking to boy or build
Du Ponr's cheaper CFC echirology.

Scientists say the problens and is-

sues raised by the ozone layer are jusi
a taste of what awaits the world on an
even larger climatological problem:
global warming.

The global greenhouse

The Earth’s atmosphere acts like
the glass in a greenhouse. Visible hight
from the sun passes through the at-
mosphere and heats the Earth’s sur-
face. But trace gases in the ammos-
phere, mostly carbon dioxide and
water vapor, trap infrared radiation
emitted Irom the surface and keep it
from being reflected back into spitce.

“If we had no atmosphere, the
tempevature of the Earth would be
around U degrees F.,” says Blake. “Be-
cause of carbon dioxide., water vapor,
and ozone, we huve an average tem-
perature of abour 6 degrees F.”

Those 1race gases have heen stead-
ily increasing since the Industrial Rev-
olution began in the 18th century.
Carbem dioxide (CO2) is on the rise
thanks to the buriting of coal, oil, and
natural gas. Methane, another green-
hiruse gas, is on the rise because of in-
creased agriculture. For developing
countrics. limits on greenhouse gas

Ozone and CFCs

Although scientists speak of an ‘ozone layer,” the
gas is actually only o tiny fraction of the gases in
the atmosphere. Nevertheless, it is an effective
shield against the sun’s vltravialet (UV} rays. Here's
how CFCs destroy ozone in the upper atmosphere:
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production - essentially bans on de-
velopntent ~ might be even more un-
acceplable thanziimits on CFCs.

A bundred years aga, the con-
centration of COz in the Earth's
atmosphere was roughly 288 parts
per million (ppm). Today, carbon
dioxide s at 340 ppm and rising.

In 1896, the Swedish chemist
Svante Arrbenius predicted that dou-
bling the amount of carbon dinxide
would eventwally lead tr a 9 degree
increase in the Earth's temperarure.
Most ol today's computer-hased
chimaological models forecast a 4 1o 4
degree inctease in global tempera-
ture, “depending om how vou repre-
sent the clouds,” Peter Stone says, an
armosphericscientise at the Massachu-
setss Institute of Technology (MIThn
Cambridge, Mass.

Although some scientists say it may
be vears before increased greenhouse
gases affect the Earth’s temperare,
the planet does scem o be getting
warmer already. According to james
Hansen, director ot the NASA-God-
dard Institute for Space Studies in
Mew York, 1993 "ned with 1981 as
the warmest veat on our record ™ The

B Signers of the 1987 Montreal |
O Ne s and peorticips
A4 CFC production planis brought on-
24 CPC plonis under consinsttion, or ¢

¥ Chinc is reportedly investigating the

The upper otmaosphere

is usuoﬁ:luken to include
the goseous ervelope from
abaout 19 miles vpward.,




i

: ghobiad average tempevature for those

- two years was 063 degrees F. above
the world's average between 1950 anel
1980, Last vear "was warm, but it was
not as warm as the previous vear. . .,

£ 1 1hink it was the sixth or seventh.”

Last vear would have been
warmer, Dr. Hansen savs, except for
a “perivtic up-sweling of cold water
in the eastern Pacific.” called the Kl
i, that has heen keeping tempera-
tare in that acean cool. “As we come
ont of that conl phase, we are going to
get hotter lemperatures in the nexr
year of Iwo which may rival or exceed
the hatiest vears in the 1980s.”

B predicting the actoal amoant
of warmmg ~ and hew soomn it will take
place - is difficult, says Kerry Emman-
nel, chairtan of M5 Deparment
of Earth and Planctary Sciencesand a
cotic of many glohal climate models.

Models of Earth’s climate
Saientists Lwk a comprehensive
theory, vy “malvric understanding.”
of how the Earth’s climare acrually
works. "Oue would bope (hat we
would at least have an analvtic uneler-
standing of some of the subprocesses,

an understanding that is vooted inthe
physics of the phonemena,” Dr. Em-
manuel says, Even detailed under-
standings of the convection of air or
the civculation of the oceans remain
bevond the grasp of climatologists.,

‘That understanding is vital, Em-
manuel savs, becanse “waler vapor is
4 much more important greenhouse
gas than CO»” Like carbon dinxide.
water vapor traps in the heat from the
ground, but *there is a lot more of i.”

Clouds move water around the
globe. Since they can’t be modeted di-
recily, their effects must be inferred
from other variables — which is where
Rerry and other scientists say that the
models get shaky,

“There may he powerful negative
{eedback so strong that the amount of
extra warmih is so small [ay not to
matter].” he savs 1 vou increase the
amount of clouds by just a Tew per-
cent. you could olfser the warnung,
Clowds vellear sun back w0 space:
They're white”

Nevertheless, many scientists say
the possihility for global warwing
should he reckoned with now. “The
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Jimate Warmmng Heats Up

given all of the uncertainties in the
models,” MIT"s Dr. Stone says.

“0ne of the things that we really
need to do is to improve our under-
standing of some of these processes
that are important,” he says. “Tharre-
quires getting lots of data.”

For example, Stane says, detailed
measareinents have o be made to de-
terming the temperature of the ocean
at different depths. One proposed ex-
petiment ivelves conducting under-
water detonations and measuring the
nme it takes ter the sound o travel to
different parts of the world: Because
cold water is denser than warm water,
sound travels stower through it

“This would be very valuable to tefl
us i we are getting a true global
warnting, and to 1ell us how rapidly it
is coming about. The faster {the hea)
penetrates into the decp nceans, the
lenger it will rake” 10 warm up the
surfacc, Stone says. "It is animportant
ditference if we get a vise in 10 years
or in a hundred, and that is the kind
of unceveainty there 1s.”

Put few suienusts doubt that o
warming is coming. “1he fact that the
atmaosphere is changing, that much is
certain,”  Rowland  says. “Carbon
dioxide is going up. Mcthane is going
up. Those Jirends] aren't questioned
any mrore.”

“You hear aloc of peaple say, ‘T'm
not sme that the greenhouse effect is
veal.,” 10is very real. in that theve are
driving lorces: We can't change 1he
concentration of these gases in the at-
maosphere without having a conse-
quence on the elimate,” he savs. “The
Fact that we can’t predict what that cli-
miate is gning w0 be doesn’t iean rhat
wowon's happen, We can't prodicg
earthgquakes, but we know that they
happen.”

(e of the most iporang deveb
apments in recent vears has beer e
inical agreement 1o cut the wse of
. Stone savs: "Il nothing were
done about CFCs, 1they would become
the worst part ol the warming prob-
Jemy in 20 vears timg.”

“The lavws that were passed in the
U% and othey countries (in the 1970s]
did have a heneliciai effect. The
[warming] effect in recent vears has
not been as bad as it would have been
if those laws had not been passed.”
That's becanse each CFC wolecule
traps move than a thousand times as
much heat as each molecule of carbon
divxide,

One pressing probiem, Sione says,
is a shortage of scientists in the field ol
meteoroogy. a fiekd that has perhaps
fewer than 2,000 people engaged in
research. “A o of this money thar
thev are talking [about] spending in
[NASA's proposed] Earth Observa-
sion Systens will gaghes datas b we
don’tlisive che nsanpower to make wse
of i S0 we are gomg 1o oced money
for increasing the sappph ol scicnrises
warking on these probiems,”

Mission to Planet
-~ Earth Takes Off
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EEING ourselves from the perspective of space can
be shocking. :

For example, about 180 experts attending the firse
biomass burning conference Jast month in Williamsburg,
Va., said they had underestiznated the fire threat. Astro-
nauts’ photos showed that annual burning of forestand sa-
vanna wn Africa (see Page 12) and the Amazon basin has
risen 18-fold since 1973. Humans torch about 5 percent of
Earth’s surface every year. Carbon dioxide and other gases
genctaied ate mujor contributors to greenhouse warming.

‘[ he realization that we simply dv not know what we are
doing to vur planet has put Mission to Planet Earth ar the
top ol the world's environmental science agenda. This is a
set of pational and international programs that combine
space-based scrutiny with extensive surveys on land and

sea. Over the next two decades.

these should enable scientists 1o
This set of

assess ihe staie of the Earth,
Mission 10 Planet Earth aciu-
. . I ally means several things al
internationa once. Nations working through
and national
programs is
at the top of

the Tarernational Coumcll of
Scienrilic Unions know it as the
the world’s

Internationat  Geosphere/Bio-
sphere Program whose goat is
16 understand the ntervelation
ofthe planet with its living com-
munity,  from  bacterin o
people,

Far the 60 scientists from
about 14 countries who met in
Bad Ischl, Austriy, in Felirnary,
itmeans 10 pru{&ts due in time
for the 1992 International Space Year. They include, for
example, a joint Brazilian and European Comnunicy ef-
fort 1o estimate deforestation rates and to map deforcsta-
tion from 1985 10 1901,

West Germany and the US National Aerorautics and
Space Administration (NASA} will lead studies 10 learn
what's happening o polay zones.

Canada and the United States are leacling a project to
wmake the most of available satellite data to produce a
Global Change Encyclopedia of climate and atreospheric
changes. Austria then will lead the work to translate the en-
cyclopedia into a 300-page allas 1o be ready by spring
1592,

For NASA, Mission to Earth is a plan for satellite-based
Earth observing that extends well finto the next century, it
starts with planned and existing satellitesin the early 1990s
and matures into seveval large polar-orbiting instru-
mented platlorms ~ the Earth Obscoving System — 1o be
taunched starting in 1998,

This is a signsficant part of the Bush administration’s
Global Change Research Program. The progran involves
six agencies besides NASA and includes studies both from
avhitand on the surface. According wo presidential science
advisor T, Allan Bromley, “This approach has, as its cen-
tral gnal, the provision of a sound scientific basis for devel-
oping nadonaland inernational policy on glohal chage”

environmental
science agenda.




