
Ronald Reagan Presidential Library
Digital Library Collections

This is a PDF of a folder from our textual collections.

Collection: Masterman, Vicki: Files 
Folder Title: Stratospheric Ozone IV (7 of 8) 

Box: 2

To see more digitized collections visit: 
https://www.reaganlibrary.gov/archives/digitized-textual-material 

To see all Ronald Reagan Presidential Library Inventories, visit: 
https://www.reaganlibrary.gov/archives/white-house-inventories 

Contact a reference archivist at: reagan.library@nara.gov  

Citation Guidelines: https://reaganlibrary.gov/archives/research-
support/citation-guide 

National Archives Catalogue: https://catalog.archives.gov/ 

Last Updated: 04/18/2024 

https://www.reaganlibrary.gov/archives/digitized-textual-material
https://www.reaganlibrary.gov/archives/white-house-inventories
https://reaganlibrary.gov/archives/research-support/citation-guide
https://reaganlibrary.gov/archives/research-support/citation-guide
https://catalog.archives.gov/




H I t I J1JI H.\AI. 

l'sN~t 
I 11.-:. <, 
I u ll 

~uJ 
E kdJli llll'~ 

t' 111 i:'..1fl Ill 11,() 

l,.,·r (.,.) u.1rkr 

l , L,. I It l 

' ~' .. , ' ' J 
Al II Jt,.t' l l, J.i V llJ ! 

• .. 11 .. i. . ) I. 1, 111 1l::,, 
) l, ..... d ,t .,JI ) / 1· 

t l11 1,,.,1 11 ( I,, I II , 

11 ), .. 11.-

..., 1,- I I, f, i ( ,. f 

lt I , , .._h J !>o i•I Ju 

,r I , 11 .. ~1 . .11t· . 
11 I,..,. ,, ,.I , .fr J 

l. l h, l,.l .u 1,1 111111, 

,., , , 1o., 1, -1 11, t 

..... I. J .... " .... ") 

I~ I di ,.. ,. ,., .. 

,. , .,J , I t,'. 1 1, ,.. 

ii .. 1, , ..,I , I l, I , .. . , 
ii, ,, •--' ,: .. 7, 

f ~ I .. J.. ,I I 

-.,.) ., ~ ('I t ' lt , 

l,.. Uh ,ll 

.,., j,11 

., . ... , .. 
. ' ... . ., ~ 

.. ... . ,. . 1, , .. J . , ~ . 

In _. J,L1 .i , 1 11,. ,-J 

A1.~ ·r >.,1, • 1lnJ il1t' 

1 t, 1A lu l1J,, l e !.1,lb 

I, _..., .... ,1, ft 11ll i 

JAI UhJli ,H , ~ UI 

t 1,1 1 ,,1, ) •H It !h 

-· · 11 , .. J' ... . ,) .. 11 

aJ, l J .. .. I 11 

.. l "; J•r .. J1 hl, JI 

f 111 ' ) .; ' • • :.r ... p 
.,.;, ._ , .. , . .... . . .... .J, 
. ,J IA· ' "' 11,, , d ,.h •f 

.~1 _. ,, .,1,.1· ... t ll •. ,t 
, .1, l ll,11• Jl,11) , 11 

•al ai; .. ,i,.;.. , I, t(...,. a, 

1· 11-1 11 , , . , • ln.:.I 

I. .> .1 J l11l, l, L,1, ... 1 

... , ..• , .. tt .. 1..,; :. . 

h . l# ,,.l ,c I Id ' 
.. ~ ll,, , ., ·•. I . • ~ 
.. 1 .. 1 .. .1, •. ,1 1, r ,, 

· IJ,~· ~ , t 1I, 

..... ~ ... . ,, ... t .. , , ·11 .d 

r, Ill -. Ji, , I, ).t'~t'I I 

~ -----
, t ,.. ,. I" ., - • ,,·. 

• IL \ .,, ,. IH ,1J 

t" ~Ii .. / I I I II, ,1 

Ill 1 _,,Jl1HI ) , .t :_: 

., ,J ' I. .. ,.,._,JI 

itions 
tures 

w,,il s~t t-...J 

Bid for Global Chemical Emissions Limit 
Expected at 40-Nation Meeting on Oz.one 
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ANNALS OF CHEMISTI\ Y 
:1lJNE, lJ I '7 ~h 

~ /\k.wj~I 

FOR a time in the nineteen­
seventies, no environmental 
problem caused a greater stir in 

the United States than the revelation 
that chlorofluorocarbon gases were 
thought to be rising into the strato­
sphere and depleting the ozone layer. 
Ozene is a gas formed by the action of 
sunlight on oxygen, and it can be 
found everywhere in the atmosphere 
from ground level to the top of the 
stratosphere, some thirty miles above 
the surface of the earth. The threat 
posed by chlorofluorocarbons to the 
ozone layer, which shields the 
earth from harmful solar radiation, 
had been proposed as a theory by Pro­
fessor F. Sherwood Rowland and Dr. 
Mario J. Molina, both of the Depart­
ment of Chemistry of the University of 
California at Irvine, in the summer of 
197 4; the announcement received ex­
tensive coverage in the press and on 
television, and captured the imagina­
tion of the nation's con-

~mers, who, through the 
~~ of aerosol sprays con­

taining chlorofluorocar­
bon gases as a propellant, 
were directly contribut­
ing to the threat. Trou­
bled by the notion that 
the touch of their finger­
tips on the valves of aero­
sol cans containing hair 
spray, shaving cream, de­
odorants, insecticides, and 
the like might spell disas­
ter for mankind, they 
proceeded to reduce their 
purchase of these prod­
ucts, and fired off more 
letters to Congress on the 
issue than they had on 
any other since the Viet­
nam War. When the ex­
istence of the hazard was 
substantiated by a govern­
men t-s ponso red study 
published in September of 
1976, officials of the En­
vironmental Protection 
Agency, the Food and 
Drug Administration, 
and the Consumer Prod­
uct Safety Commission 
decided to restrict the 
nonessential uses of 
chlorofluorocarbons. In 
the autumn of 1978, the 
E.P.A. and the F.D.A. 
imposed a ban on the 

\ 
I 
I 
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I! 
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I I 

C 

IN THE FACE OF DOUBT 
manufacture and use of the compounds 
as propellants in aerosol sprays. At 
that point, public concern about the 
problem virtually disappeared, for 
most Americans were persuaded that 
whatever calamity might have been in 
store for the ozone layer had been 
averted. 

During the nearly eight years since 
then, the government has spent several 
hundred million dollars on research 
relating to the depletion of strato­
spheric ozone by chlorofluorocarbons, 
and estimates of this depletion have 
gone up and down in roller-coaster 
fashion as a succession of committees 
convened by the National Academy of 
Sciences and the National Aeronautics 
and Space Administration have as­
sessed and reassessed the problem. 
Generally speaking, the conclusions of 
the members of these committees-at­
mospheric scientists of renown from 
all over the world-have reflected un-

I 

certainties: on the one hand, there has 
been general agreement that chloro­
fluorocarbons would gradually deplete 
ozone in the upper stratosphere, 
twenty to thirty miles above the earth; 
on the other hand, no consensus has 
been reached on just how rapidly or 
severely this might occur. In May of 
198 S, however, scientists of the Brit­
ish Antarctic Survey, which is based in 
Cambridge, England, published an ar­
ticle in the international scientific 
journal Nature reporting large and 
unexpected losses of ozone in the strato­
sphere above the Survey's station on 
the Antarctic coast at Halley Bay. As 
might be expected, these losses have 
proved highly disturbing to the 
world's scientific community. 

The total amount of ozone in the 
atmosphere can be estimated by mea­
suring the intensity of selected 
wavelengths of solar ultraviolet radia­
tion arriving at the earth's surface. 

The distribution of ozone 
at various altitudes of the 
stratosphere, where about 
ninety per cent of all 
ozone occurs, can be 
determined by measuring 
the intensity of ultraviolet 
radiation as the sun's 
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angle changes through 
the day. The validity of 
this technique has been 
confirmed by direct 
chemical measurements 
made from high-altitude 
balloons. Since 19 S 7, the 
scientists of the British 
Antarctic Survey had 
been estimating the 
amount of ozone in the 
atmosphere above Halley 
Bay between October and 
March-months during 
which there is sunlight in 
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Antarctica-and since 
1977, it turned out, they 
had been observing a 
steady decline in ozone 
but had not notified the 
scientific community of 
the finding, because they 
mistrusted their measure-
ments. However, when 
they began to observe 
similar losses of ozone 
at a second measuring 
station-at the Argentine 
Islands, about a thousand 
miles to the northwest • 
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-they were perslnded to trust the 
Halley Bay data, which showed that 
the kind of ultraviolet radiat ion 
known to be harmful to human skin 
had increased tenfold and that the 
ozone layer above Antarctica had de­
creased by almost forty per cent. In 
August of 1985, their observations of 
Antarctic ozone depletion were con­
firmed by a reassessment of data col­
lected by NASA's Nimbus 7 satellite. 
Since 1978, Nimbus 7 had been talcing 
measurements of ozone from a vantage 
point six hundred miles above the 
earth, but its low readings of ozone 
levels above Antarctica had been auto­
matically discarded by the project's 
computer. NASA's atmospheric scien­
tists, daunted by the prospect of having 
to pore over two hundred and fifty 
thousand separate ozone measurements 
taken by Nimbus 7 each day, had cho­
sen to program their computers not to 
record exceptionally low ozone levels, 
because such levels had never been ob­
served and might be expected to have 
resulted from faulty measurements. 
Suffice it to say that when Nimbus 7 
confirmed the British observations of 
ozone depletion above Antarctica it be­
came clear that-far from having been 
averted-the calamity that Rowland 
and Molina had predicted for the 
ozone layer back in 1974 might have 
come sooner than anyone expected. 

DR. ROWLAND had become inter­
ested in chlorofiuorocarbons in 

the winter of 1972, when he learned 
that one of them-trichlorofluoro­
methane-had been found throughout 
the troposphere, which is the six-to­
ten-mile-high portion of the atmo­
sphere that lies between the surface of 
the earth and the stratosphere. Both 
trichlorofiuoromethane and dichloro­
diftuoromethane-a companion gas 
that was also found to be ubiquitous in 
the troposphere-had been synthesized 
in 1928 by chemists in the General 
Motors research laboratories who 
were trying to find a nontoxic, non­
flammable refrigerant. Dichlorodi­
ftuoromethane has been used ever since 
as a coolant in refrigerators and auto­
mobile air-conditioners, and, starting 
in the early nineteen-fifties, it was 
mixed with trichlorofiuoromethane as 
an aerosol propellant. Trichlorofiuoro­
methane is also used extensively as a 
foaming agent in the manufacture of 
polyurethane. At the time when Row­
land became interested in the chloro­
fiuorocarbons, their pervasiveness in 
the troposphere was regarded as harm­
less; the two gases had been used in-

dustrialJy for more than forty years, 
and were known to be chem ically 
inert. Rowland, however, wondered 
where the gases were going and what 
would become of them, and in the au­
tumn of 1973 he and Dr. Molina, a 
photochemist from Mexico City, who 
was a member of his research group, 
decided to investigate the matter. 

Chloroftuorocarbons, like all molec­
ular gases, are decomposed by short­
wavelength ultraviolet light from the 
sun-a process known as photolysis. 
Such decomposition can occur only 
in the stratosphere-from twelve to 
twenty-three miles above the surface 
of the earth. Below that, almost all 
short-wavelength ultraviolet light is 
absorbed by the ozone layer before it 
can interact with chlorofiuorocarbons. 
Rowland and Molina decided after 
careful study that chlorofiuorocarbons, 
because of their relative insolubility in 
water, could not be removed from the 
atmosphere by rainfall or by dissolu­
tion in the oceans, and, because of 
their chemical inertness, could not be 
broken down rapidly by any other 
known mechanisms in the troposphere. 
They concluded that the several mil­
lion tons of chlorofiuorocarbons esti­
mated to be fioating about in the tro­
posphere-an amount about equal to 
the total amount ever manufactured­
would eventually rise into the strato­
sphere, where they would be photo­
lyzed by ultraviolet light, releasing at­
oms of chlorine in the process. Row­
land and Molina now determined that 
each atom of chlorine released in the 
stratosphere would almost insuntly 
see.le out and react with a molecule of 
ozone-an extremely unstable sub­
stance-and that this would initiate an 
extensive and complex catalytic chain 
reaction in which, over a period of a 
year or so, tens of thousands of mole­
cules of ozone would be converted into 
molecular oxygen and thus eliminated 
from the stratosphere. They calculated 
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that if chloro fl uo rocarbons cont inued 
to be manufactured and used at the 
1972 worldwide rate of almost a mil­
lion tons a year the amount of chlorine 
released annually from their decompo­
sition in the stratosphere would within 
a century or so be sufficient to roughly 
double the annual rate of removal of 
ozone known to occur naturally, 
chiefiy through a reaction initiated by 
nitrogen oxides converted in the strato­
sphere from nitrous oxide released as a 
result of bacterial action in the soil. If 
the rate of ozone destruction doubled, 
there would be a tremendous increase 
in the lcind of solar radiation known 
to be most detrimental to plant and 
animal cells, with consequences that 
could conceivably disrupt, and per­
haps destroy, the biological systems of 
the earth. Moreover, the two scien­
tists realized that even if the use of 
chlorofiuorocarbons were to cease at 
once-an unlikely event, since their 
production had been doubling every 
seven years since the early nineteen­
fifties-destruction of part of the 
ozone layer was foreordained, because 
the chlorofiuorocarbons already in the 
troposphere were rising into the strato­
sphere, and so constituted a planetary 
time bomb. 

In June of 1974, Rowland and 
Molina described their findings in Na­
ture, and in September they presented 
their data at a meeting of the Ameri­
can Chemical Society, in Atlantic 
City. By that time, they had calculated 
that if chlorofluorocarbon production 
continued at the present rate, between 
seven and thirteen per cent of the 
ozone layer would be destroyed in 
about a hundred years. Their calcula­
tion was based on a principle known 
as steady state. This condition would 
arise in a hundred years or so, and the 
rate of destruction of chlorofiuoro­
carbons by ultraviolet radiation would 
then be equal to the rate of their in­
Bux into the atmosphere. During this 
century, however, the rate at which 
chlorofiuorocarbons • are being de­
stroyed by ultraviolet light has lagged 
well behind their infiux, and as a re­
sult the amount of the compounds in 
the atmosphere has steadily increased. 

Rowland and Molina told the 
Chemical Society meeting that the in­
crease of ultraviolet light resulting 
from ozone depletion would cause a 
significant rise in the worldwide inci­
dence of si:in cancer and might also 
cause crop damage. They went on to 
warn that ozone depletion might even 
shift stratospheric temperatures suffi­
ciently to create changes in the world's 
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weather patterns. They predicted that 
if nothing was done in the next decade 
to prevent further release of chloro­
ffuorocarbons the vast rese rvoir of the 
gases that would have built up in the 
meantime would provide enough chlo­
rine atoms to insure continuing de­
struction of the ozone layer for much 
of the twenty-first century. They 
urged that the use of the compounds as 
aerosol propellants be banned. 

The Atlantic City meeting trig­
gered its own chain reaction. Environ­
mentalists called for an immediate halt 
to the purchase of aerosol sprays con­
taining chlorofiuorocarbon propel­
lants, which by then accounted for the 
largest and best-known commercial 
use of the two gases, and the threat to 
the ozone layer was soon making 
headlines from one end of the country 
to the other. That autumn, the Na­
tional Academy of Sciences announced 
that it would conduct a full-scale in­
vestigation of the hazard, and in De­
cember the Subcommittee on Public 
Health and Environment of the House 
Committee on Interstate and Foreign 
Commerce held two days of hearings 
to consider legislation that would reg­
ulate-or possibly ban-the manufac­
ture of the gases. 

Meanwhile, the chlorofiuorocarbon 
industry had responded to the situation 
by pointing out that ozone depletion by 
chlorofiuorocarbons was a hypothesis 
based upon computer models of the 
stratosphere-that no real proof ex­
isted that the two gases could rise 
into the stratosphere, let alone that 
they could lead to the destruction of 
ozone. E. I. du Pont de Nemours & 
Company, the chief manufacturer of 
chlorofiuorocarbons, announced soon 
after the Atlantic City meeting that 
the industry would finance studies of 
the problem, which would be under­
taken by scientists at several universi­
ties and would take three years to com­
plete. Pending the first results of the . 
industry-sponsored research, du Pont 
maintained, there was no reliable evi­
dence that chlorofiuorocarbons posed 
a hazard to ozone-or, for that mat­
ter, that the chain reaction worked out 
by Rowland and Molina could occur 
at all. A du Pont official testifying 
before the Subcommittee on Public 
Health and Environment declared that 
until there was actual proof to sup­
port the ozone-depletion theory gov­
ernment regulation of chlorofiuorocar­
bons was unwarranted. He added, how­
ever, that if credible evidence should 
be developed to show that the com­
pounds posed a threat to human health 

du Pont would cease to produce them. 
Perhaps mindful of the adverse ef­

fects of regulatory legislation in a ti_me 
of recession, Congress took no act10n 
on either of two bills that had been 
drawn up to deal with the problem. 
In January of 1975, the President 's 
Council on Environmental Quality 
and the Federal Council for Science 
and Technology created a task force to 
conduct an intensive study of the situ­
ation. The panel included representa­
tives of seven Cabinet departments and 
five government agencies. In June, its 
members issued a report stating 
that release of chlorofiuorocar­
bons into the atmosphere was a 
legitimate cause for concern. 
Unless new scientific evidence 
was found to remove this con­
cern, the task force felt, it would 
probably be necessary to restrict 
the uses of the two chemicals, 
and they proposed that if their 
assessment was confirmed by the 
National Academy of Sciences federal 
regulatory agencies should put such 
restrictions into effect by 1978. (In 
Marc~ the Academy had appointed a 
Panel on Atmospheric Chemistry to 
look into the chlorofiuorocarbon prob­
lem for its Climatic Impact Commit­
tee. This committee had originally 
been established to assist the Depart­
ment of Transportation's Climatic 
Impact Assessment Program, set up in 
1971 to investigate the threat posed to 
the ozone layer by nitrogen oxides and 
other emissions from the exhausts of 
supersonic transports.) The task force 
called for international cooperation on 
the problem, noting that foreign coun­
tries accounted for about half the 
world's chlorofiuorocarbon production 
and use, and that the effects of the 
compounds upon stratospheric ozone 
transcended national bound,rics. 

As might be expected, the chloro­
Buorocarbon and aerosol-spray indus­
tries bitterly opposed the findings of 
the report, which, by recommending 
that regulation be considered, under­
mined their contention that chloro­
Buorocarbons should be regarded as 
innocent until they were proved guilty. 
In fact, industry representatives went 
to the White House and tried, unsuc­
cessfully, to have the report sup­
pressed, on the ground that it was 
premature. Du Pont issued a statement 
pointing out that the task force was 
proposing restrictions "before the sci­
entific evidence is available to make an 
informed judgment as to whether such 
restrictions are necessary," and that 
this was "tantamount to prejudging 
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the results of research, wh ich , if it is to 
be thorough, will take at least three 
years to complete." Be that as it may, 
no sooner had the report been released 
than the governor of Oregon, Bob 
Straub, signed a bill banning the sale 
of spray cans containing chlorofluoro­
carbons by March of 1977; and in the 
summer of 1975 the New York legis­
lature passed a measure requiring such 
products to carry a label stating that 
they contain chlorofluorocarbons, 
which may harm· the environment. In 
other states, however, industry lobby­

ists helped prevent the passage 
of similar restrictions by ar­
guing that legislative action 
should await the report be­
ing prepared by the National 
Academy of Sciences, which 
was due in the spring of 1976. 
And du Pont continued to urge 
delay by taking out double-

"" page advertisements in news-
papers and magazines across 

the country which informed readers 
that "to act without the facts­
whether it be to alarm consumers, or 
to enact restrictive legislation-is ir­
responsible." Such appeals appeared to 
fall upon sympathetic ears in Con­
gress, where, in spite of the fact that 
additional hearings had produced de­
tailed evidence to corroborate the theo­
ry of ozone depletion, a consensus had 
developed that the decision to regulate 
could be put off until the Academy 
completed its study. Meanwhile, the 
nation's consumers had begun volun­
tarily reducing their purchase of aero­
sol sprays, and a number of cosmetic 
manufacturers had abandoned chloro­
Buorocarbon propellants in favor of al­
ternative methods of delivery, such as 
pump sprays. 

In the winter of 1975-76, a draft of 
the forthcoming Academy report was 
circulated for review; it contained the 
estimate that continued release of 
chlorofiuorocarbons at the 197 3 level 
would result in the destruction of 
about fourteen per cent of the ozone 
layer by the time a steady state was 
reached. This estimate was slightly 
above the upper limit of the depletion 
range that had been predicted by Row­
land and Molina. At the same time, 
however, an clement of uncertainty 
was introduced into the ozone-deple­
tion hypothesis by none other than 
Rowland and Molina themselves. 
They had conducted some experiments 
showing that the chain reaction be­
tween chlorine and ozone, which 
would be initiated by the decomposi­
tion of chloroBuorocarbons in the 
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·stratosphere, would itself interact with 
the chain reaction taking place be­
tween ozone and naturally occurring 
nitrogen oxides. The result would be 
the formation of chlorine nitrate-a 
compound that would temporarily dis­
rupt the working of both chains, and 
prevent either one from depleting 
ozone as rapidly as each had been pre­
dicted to do alone. When the two men 
announced their findings, in February, 
scientists who were engaged in mod­
elling stratospheric chemistry were 
thrown into confusion, for the new 
data indicated at first that previous 
estimates of ozone depletion might 
have to be drastically lowered. 

This unexpected development was 
also dismaying to the members of the 
National Academy of Sciences group. 
Apprehensive lest the stratosphere 
hold other surprises in store, and con­
cerned about their public credibility, 
they postponed their report for several 
months while the modellers wrestled 
with the problem. In the end, the 
modellers determined that the inclu­
sion of chlorine nitrate in the strato­
spheric scenario would indeed reduce 
the long-term depletion of ozone by 
chlorofluorocarbons-to about seven 
per cent, the lower end of the range 
that had been predicted by Rowland 
and Molina. Meanwhile, industry 
public-relations groups had capitalized 
on the situation by holding press con­
ferences designed to sow doubt about 
the validity of the ozone-depletion 
theory. Stories appeared in a number 
of prominent newspapers suggesting 
that Rowland and Molina had been 
proved wrong, that the chlorofluorocar­
bon threat had been exaggerated, and 
that the ozone layer was safe after all. 

BECAUSE the chlorine-nitrate epi­
sode served to underscore the un­

certainties in stratospheric chemistry, 
the National Academy of Sciences' 
long-awaited report-it was finally 
issued in September of 1976-was, 
many observers felt, considerably more 
cautious in tone than it might other­
wise have been. The report consisted 
of two separate documents-a highly 
detailed study of the scientific findings, 
by the Panel on Atmospheric Chemis­
try, and an over-all assessment of the 
problem, by the Committee on Impacts 
of Stratospheric Change ( which had 
replaced the Climatic Impact Commit­
tee). The committee's report incorpo­
rated the panel's findings in less tech­
nical form, and it attracted widespread 
attention in the press, because it ad­
dressed itself to the sensitive political 

issue of regulation . However, it re­
ceived mixed reviews, because its con­
clusions and recommendations were 
riddled with caveats and qualificat ions. 

The authors of the report upheld 
the ozone-depletion hypothesis that 
had been worked out by Rowland and 
Molina and confirmed the lower range 
of their depletion estimate, concluding 
that continued release of chlorofluoro­
carbons at the 1973 rate could eventu­
ally cause a reduction of up to fifty per 
cent of the ozone in the upper strato­
sphere and approximately seven per 
cent of the total atmospheric ozone. At 
the same time, they left considerable 
room for doubt by placing the seven­
per-cent figure in a range of uncer­
tainty of between two and twenty per 
cent. They did agree that such de­
pletion would greatly increase the 
amount of ultraviolet radiation able to 
reach the surface of the earth and 
could thus lead to a larger incidence of 
skin cancer and to harmful effects on 
plants and animals. Moreover, the re­
port not only concurred with Rowland 
and Molina's warning that chloro­
fluorocarbons might cause climatic 
changes by altering temperatures in 
the stratosphere but also pointed out 
that by absorbing infrared radiation 
from the ground the compounds would 
add to the "greenhouse effect" al­
ready being created by the increasing 
amount of carbon dioxide that was 
finding its way into the atmosphere 
through the burning of fossil fuels. At 
the time, increased levels of these gases 
were expected to cause a rise in global 
temperatures, which threatened to 
eventually cause a melting of polar ice 
and a significant rise in sea level. 

When it came to recommending 
how to deal with the chlorofluoro­
carbon problem, however, the com­
mittee members were prone to tem­
porize. Having stated that selective reg­
ulation of the compounds "is almost 
certain to be necessary at some time 
and to some degree of completeness," 
they added that "neither the needed 
timing nor the needed severity can be 
reasonably specified today." By way of 
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justifying this, they concluded that the 
costs of postpon ing the decision to 
regulate would not amount to "more 
than a fraction of a per cent change in 
ozone depletion for a couple of years' 
delay." They then expressed con­
fidence that new measurement pro­
grams would reduce the uncertainties 
about how much of the ozone layer 
would eventually be destroyed. And on 
that hopeful note they proceeded to 
recommend against the imposition of 
immediate restrictions. 

The language of the National 
Academy of Sciences report left room 
for widely differing interpretations of 
just what the Academy was recom­
mending. On the day after the report's 
release, the Times ran a story under 
the headline "SCIENTISTS BACK NEW 
AEROSOL CURBS TO PROTECT OZONE 
IN ATMOSPHERE," while the Wash­
ington Post headed its account "AERO­
SOL BAN OPPOSED BY SCIENCE UNIT." 
In other quarters, the document was 
assessed in similarly conflicting fash­
ion. Environmentalists pointed out 
that it provided confirmation of Row­
land and Molina's theory of ozone 
depletion by chlorofluorocarbons, 
while indUJtry public-relations people 
trumpeted the fact that the Academy 
had not found sufficient evidence to 
warrant regulation. Du Pont, for its 
part, issued another position paper, de­
claring that the Committee on Impacts 
of Stratospheric Change had reached 
"what was obviously a difficult, but, 
we believe, correct decision." 

Two days later, a powerful rebuke 
to the Academy's equivocal assessment 
of the problem was delivered by Rus­
sell W. Peterson, the chairman of the 
President's Council on Environmental 
Quality, who spoke at the Interna­
tional Conference on Problems Re­
lated to the Stratosphere, at Utah State 
University. Peterson, a former gover­
nor of Delaware, had worked as a 
chemist for du Pont for twenty-six 
years, and he now declared that "the 
problem of determining prudent public 
policy in the face of scientific doubt 
recurs again and again as some chemi­
cals developed for specific purposes 
prove to have-or threaten to have­
unanticipated side effects." He asserted 
that "we cannot af!era to give chemi­
cals the same constitutional rights that 
we enjoy under the law," and that 
"chemicals are not innocent until 
proven guilty," and he concluded by 
calling upon the federal regulatory 
agencies to begin developing rules to 
restrict the discharge of chlorofluoro­
carbons into the atmosphere. Peter-
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son's call for action was echoed by 
officials of the Environmental Protec­
tion Agency and the Consumer Prod­
uct Safety Commission, who also spoke 
at the conference. It was given fu rther 
impetus by the revelation that recent 
balloon measurements in the strato­
sphere had detected the presence of 
chlorine oxide-a compound formed 
by the reaction of chlorine and ozone, 
and a necessary participant in the 
catalytic chain reaction predicted by 
Rowland and Molina. Before the 
end of the year, the E.P.A. and the 
F.D.A. announced that they were 
initiating rules to phase out the use of 
chlorofluorocarbons as aerosol propel­
lants. 

IN the spring of 1977, the regula­
tory agencies came up with a joint 

timetable, known as Phase One, which 
called for banning the bulk manufac­
ture of chlorofluorocarbon propellants 
as of October 15, 1978; for banning 
the manufacture of aerosol products 
containing chlorofluorocarbon propel­
lants as of December 15, 1978; and for 
prohibiting intersute shipment of the 
existing stocks of these products as of 
April 1 S, 19 79. However, in spite of 
widespread public belief that further 
ozone depletion would be averted by 
such action, the fact was that the 
proposed restrictions could at best 
provide only a partial solution to the 
problem. For one thing, nearly half 
the chlorofluorocarbons produced in 
the United States were being used in 
the manufacture of products like poly­
urethane foam and as a coolant in 
refrigerators and in automobile air­
conditioners. For another, since the 
United States produced only half the 
world's total output of the compounds, 
a ban on chlorofluorocarbon propel­
lants in this country would reduce the 
worldwide problem by only a quarter. 

To deal with the domestic aspect of 
the situation, the E.P .A. announced 
that in the summer of 1978 it would 
propose a Phase Two timetable, for 
reductions in the non-aerosol uses of 
chloro6uorocarbons. This plan was 
shelved by the agency when it ap­
peared that suitable substitutes for 
chlorofluorocarbon coolants in re­
frigerators and air-conditioners would 
be expensive and hard to come by. It 
was also decided that further regula­
tory action in the United States should 
be deferred until other nations could 
be persuaded to reduce their use of the 
compounds · as propellants in aerosol 
sprays. However, in spite of strong 
appeals for international cooperation 

made by the State Department and the 
E.P.A. during the next few years, _the 
majo r chlorofluorocarbon-producing 
nations of Europe , as well as Japan 
and the Soviet Union, refused to take 
regulatory action . Indeed, between 
1976 and 19 79 only Sweden, Canada, 
and Norway joined the United States 
in enacting measures to reduce chloro­
fluorocarbon emissions. Elsewhere, 
and especially in England and France, 
scientists and government officials 
expressed considerable skepticism 
about the extent of the hazard; they 
conceded that Rowland and Molina's 
ozone-depletion hypothesis might be 
correct, but they advocated a wait­
and-see approach, claiming that there 
were too many uncertainties in atmo­
spheric chemistry to warrant regula­
tion of an important industry. 

The validity of the wait-and-see 
approach received something of a jolt 
in the summer of 19 77, when scientists 
at the National Oceanic and Atmo-
spheric Administration, in Boulder, 
Colorado, undertook to remeasure the 
rate of one of the reactions between 
nitrogen oxides and hydrogen oxides, 
and found it to be about forty times as 
fast as had been indicated by previous 
laboratory measurements. Hydrogen 
oxides are formed in the stratosphere 
from hydrogen atoms released through 
various chemical reactions involving 
water vapor and methane, and, like 
nitrogen oxides and chlorine, they ini­
tiate a chain reaction that contributes 
to the natural removal of ozone. The 
discovery of the increased reaction rate 
with nitrogen oxides meant that ear­
lier estimates of nitrogen oxide's abil­
ity to deplete ozone would have to be 
drastically scaled down; nitrogen­
oxide emissions from S.S.T.s, which 
since the early nineteen-seventies had 
been under indictment as a killer of 
ozone, could henceforth be expected to 
play a far less important role in the 
scenarios of ozone destruction which 
were being compiled by atmospheric 
scientists. Another corollary of the 
new measurement was that chlorine 
nitrate-the compound whose unex­
pected appearance on the stratospheric 
stage in 1976 had resulted in cutting 
previous estimates of ozone depletion 
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in half-was now thought to be not 
nearly as effective in reurding ozone 
depletion as had previously been be­
lieved. When scientists included the 
revised reaction-rate data in their 
computer models of the stratosphere, 
their predictions for ozone destruction • ---------------by chlorofluorocarbons went back up. B A I) B I z Q N 
In 1979, the National Academy of '-
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In spite of the fact that the predicted 
severity of the ozone problem had 
more than doubled within a span of 
three years, the Academy's new repon 
received relatively little attention in 
the press, and the public remained 
largely unaware that the Academy's 
ex~m had descri~ the hazard in 
considerably more forthright and fore­
boding_ terms than had bttn the case 
in 1916. Among other things, they 
warned that increased ultraviolet radi­
ation, in addition to producing thou­
sands of add ition.I cases of skin can­
cer, could have intolerable conse­
quences for the world 's food supply by 
reducing crop yields, killing the larvae 
of sever.I important seafood •~cies 
( including shrimp and crab ), and de­
stroying microorganisms at the base of 
the marine food chain. They sup­
ported worldwide elimination of the 
UK of chloro8uorocarbon aerosol pro­
~llants. They also pointed out that 
other uses of the compounds through­
out the world were increasing at such 
a rate that even if a ban on chloro­
ft uorocarbon pro~llants were put into 
effect immediately, emissions from 
other uses would equ.1 the current 
levels within seven to ten years, and 
they urged that a coordinated interna­
tion.1 policy be develo~d for de.ling 
with the problem. They suted that the 
wait-and-sec approach was "clearly 
not a prudent strat­
egy," concluding that 
if the decision to con­
trol ch1oro8uorocarbon 
em iss ions was post­
poned until a crucial 
depletion of the ozone 
layer was observed the 
slow but inexorable 
movement of the gases 
into the stratosphere 
would double that de­
pletion within twenty 
years and cause pro­
longed exposure to 
dangerous levels of ul­
traviolet radiation for 
decades to come. 

In keeping with past 
policy, the chloro-
8uorocarbon industry 
wasted no time in criri-
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c: :- . :-: r t h r ~. : :0 :-.• : A: . c rm, 
Sc1 rn crs· latest .s~rss::ie:-:: o: :he pr or­
letr. . On thr d:n thr rr:x;n •?pr .uec:, 
du Pont issurd ·a sta ir;C"n t drclar in£ 
- oner ac ain -tha: predictions o-f 
ozone depl~tion by chlorofiuorocarbons 
were based not on actual me.surr­
ments but on theoreticaJ c.lculations. 
" ~ o ozone depletion has ever been de­
tected, desp ite the most sophisticated 
analysis," du Pont pointed out, adding 
that "all ozone-depletion fig ures to 
date are computer projections based on 
a series of uncertain assumptions." 
According to du Pont , sc ient ific 
studies being conducted by govern­
ment and industry would require from 
two to four more years to obtain the 
evidence needed to answer such ques­
tions as whether chloro8uorocarbons 
could break down chemically in the 
troposphere and whether destruction 
of the ozone layer was actually taking 
place. 

Some observers felt that du Pont, 
which had asked for several additional 
years of research on two previous oc­
casions, was stalling. However, the 
company's latest position wu sup­
ported in part by a srudy that members 
of the Stratospheric Research Advisory 
Committee had conducted for the 
United Kingdom's Department of the 
Environment during 1978 and 1979. 
Although the British investigators 
agreed with the National Academy of 
Sciences that the amount of ozone in 
the stratosphere could eventually fall 
by u much u sixteen per cent if the 
release of chloro8uorocarbons contin­
ued at the current rate, they concluded 
that the validity of the 0'%0ne-depletion 
hypothesis remained in doubt, becaUK 
of the many unceruinries still prevail-

in.: i~ the kn owirC.:! o: st~.: ~~ ;,~.e· . 
cn-r:-:-: is:n and in ~ od t: : ::1.: tr ,·h~L: ­
ogL Th~y call ed for voiunt;:':. strp~ t.: 
reducr chlorofluorocarbon em iss io ns . 
but thry drclarrd tha t for t hC" t ime 
being striet regulat ion of the ch emic als 
was unw arranted. ~ot surprising h, 
chloroflu orocarbon manufacturers on 
both sides of the Atl antic lined up 
solidly be hi nd this approach to the 
problem, and du Pont issued yet an­
other statement , this one c.Iling for a 
"resolution of the scientific differences 
between the Nat ion.I Academy of Sc i­
ences and the British Department of 
the Environment." 

W HA TE YER scientific differ­
ences remained to be resolved 

to the satisfaction of du Pont , it had 
become clear in other quarters that 
only strenuous international efforts 
would be able to protect stratospheric 
ozone against further depletion by 
chlorofluorocarbon emissions. In 
March of 1980, the Council of the 
European Economic Community, 
whose then nine-nation membersh ip 
accounted for about a third of the 
world's consumption and production 
of the chemicals, asked each of its 
members not to increase production 
capacity of the compounds, and to 
achieve a thirty-per-cent reduction in 
the use of chloroftuorocarbons as aero­
sol propellants by the end of 1981. In 
April, representatives of Canada, Den­
mark, the Federal Republic of Ger­
many, the Netherlands, Norway, Swe­
den, and the Commission of the Euro­
pean Communities agreed at a confer­
ence in Oslo that a wait-and-see policy 
toward the hazard was unacceptable, 
and called upon all major chloro8u­

orocarbon-producing 
nations to reduce emis­
sions from both aero­
sol and non-aerosol 
uses of the compounds. 
Representatives of the 
United States Environ­
ment al Protection 
Agency, who also at­
tended the Oslo meet­
ing, described the 
hazard u "one of the 
leading environmental 
issues of the decade," 
and-hoping to ame­
liorate the problem as 
well u to encourage 
funher action on the 
part of the Europe­
ans-ma.de a proposal 
to freeze the annual 
production of chloro-
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fluorocarbons in the United States at approach. Under this plan, a ceiling 
the 1979 level, of five hundred and on total chlorofluorocarbon production 
fifty-one million pounds. Later in the would be established throug h a system 
month, the governing council of the of permits, which could be either di­
United Nations Environment Pro- rectly allocated to makers and users of 
gramme recommended that its member the compounds or auctioned off to 
governments reduce chlorofluorocar- those who were willing to pay the 
bon uses and not increase production highest price. 
capacity of the chemicals. In Septem- As might be expected, industry re­
ber, Japan announced that it intended action to the proposed rulemaking was 
to take similar action. highly unfavorable. A du Pont spokes-

Here in the United States, where the man declared that the ozone problem 
lost market in aerosol propellants had • could not be solved by unilateral action 
bttn largely made up by in- on the part of the United 
creased use of chlorofluoro- States. He added that "the 
carbons in refrigeration, E .P.A. should attempt to 
liquid fast-free-zing, auto- gain international scientific 
mobile air-conditioning, in- consensus on whether there 
dustrial solvents, and the is a potential problem and, if 
manufacture of plastic so, how the world com-
foams, ind us try officials munity should address it." 
were up in arms about the An E.P.A. official replied 
E.P.A.'s plan to curtail that from five to ten years 
chlorofluorocarbon produc- might pass before sufficient 
tion. A lobbying group called the data could be acquired to conclusively 
Alliance for Responsible CFC Policy, prove the theory of ozone depletion by 
made up of producers and industri- chlorofluorocarbons, and pointed out 
al users of chlorofluorocarbons, was that all the chlorofluorocarbons pro­
formed during the summer of 1980 to duced in that period would make their 
head off any further attempts to regu- way into the stratosphere. "If we wait 
late the chemicals. It was able to make until 1990 to make the decision, it 
use of such sensitive election-year could be too late," he said. 
issues as the faltering economy and Thanks to a combination of public 
the country's changing mood with apathy and an intensive campaign 
regard to environmental causes, and waged by the Alliance for Responsible 
its purpose was, according to one of its CFC Policy, only four out of more 
spokesmen, "to convince the govern- than two thousand written comments 
ment-Congress, the White House, that were sent to the E.P.A. over the 
and anyone else-that E.P.A.'s pro- next three months supported its latest 
posal to restrict CFCs is ill-advised.'' proposals for limiting chlorofluoro-

In spite of the new lobby, the carbon emissions. Combined with the 
E.P.A., during the first week of Octo- newly elected Reagan Administra­
ber, went ahead and published advance tion's vociferous bias against environ­
notice in the Federal Register of its mental regulation, this response was 
latest proposals to control chloro- more than enough to cause the agency 
fluorocarbon emissions. By this time, to back away from its announced in­
the agency had come up with two tention of issuing new rules in the 
possible solutions to the problem. The spring of 1981. The E.P.A. was fur­
first, known as the mandatory-con- ther encouraged to relax its rulemak­
trols approach, would place an in- ing timetable when improved measure­
direct ceiling on chlorofluorocarbon ments of several chemical-reaction 
uses through restrictions on produc- rates caused .atmospheric scientists to 
tion or through standards based upon lower their predictions of the extent of 
technology. Under this system, the ozone depletion. They now estimated 
E.P .A. could ban certain industrial long-term depletion to be in the range 
uses of the chemicals and could require of five to nine per cent. 
their recovery and recycling in the During the summer of 1981, it be­
manufacture of plastic-foam products. came apparent that a wholesale re­
It could also require the substitution of evaluation of the E.P.A.'s position on 
less hazardous compounds as refriger- chlorofluorocarbons was under way. 
ants in certain types of refrigeration In July, an official of the agency told 
equipment. The second solution, members of the House Subcommittee 
which the agency described as "a more on Anti-Trust and Restraint of Trade 
efficient method of reducing the envi- Activities, who were meeting to con­
ronmental and human health risk," sider the effect of additional chloro­
was known as the economics-incentive fluorocarbon restrictions on small 
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businesses, that no decision to regulate the balloon did not take place until 
was in the offing and that the £.P.A. 1982; the first measurements were not 
was "extremely sensitive to the needs taken until 1984, and then the instru­
of smill businesses." Another indica- ments simply confirmed that chlorine 
:ion that the £.P.A. was changing its oxide was present in the upper strato­
policy had come when Anne Gorsuch, sphere in quantities sufficient to deplete 
the new agency administrator, testified ozone; and subsequent difficulties with 
at her Senate confirmation hearings, in faulty balloons have postponed further 
May, that she understood that the flights. 
theory of stratospheric ozone deple- The amendments to the Clean Air 
tion was "highly controversial," and Act were bitterly debated in Congress 
that there was a "need for additional during the autumn of 1981, and the 
scientific data before the international industry continued its campaign 
community would be willing to accept against further regulation of chloro­
it as a basis for additional government fluorocarbons. In October, the Chemi­
action." Attempts to legislate a new cal Manufacturers Association re­
outlook for the E.P.A. were made in leased its analysis of figures gathered 
September, when draft bills introduced from measuring stations operated by 
into the House and Senate to amend governments around the world; this 
the Clean Air Act proposed to shift analysis indicated that ozone levels in 
the focus of the agency's activity from the earth's atmosphere had actually 
regulation to research, and to restrain increased during the nineteen-seven­
it from imposing additional restric- ties. Toward the end of the year, the 
tions on the production and use of association reported that since 1974 
chlorofluorocarbons until there was there had been a twenty-per-cent de­
"clear scientific evidence" to show crease in the production and release of 
that they were a threat to human chloroftuorocarbons throughout the 
health and the environment. By call- world. By the spring of 1982, bow­
ing upon the E.P.A. to measure actual ever, both sets of data furnished by the 
depletion of the ozone layer before talc- industry were called into question by 
ing further action, the bills were, of observations from other sources. In the 
course, extending the presumption of first week of April, researchers from 
innocence to chlorofluorocarbons. the National Oceanic and Atmo­
Meanwhile, data collected by NASA's spheric Administration described the 
Nimbus 4 and Nimbus 7 satellites in- results of a study showing that the 
dicated that ozone at the twenty-five- total amount of atmospheric ozone 
mile altitude of the stratosphere, over North America had decreased by 
where the maximum destructive effect about one per cent between 1961 and 
of chloroftuorocarbons was expected to 1980. At the same time, Professor 
occur, had been depleted by several per Rowland and some of his colleagues 
cent between 1970 and 1979. announced the findings of a study 

Here on earth, where the so-cilled showing that chlorofluorocarbon con­
"ozone debate" was entering its eighth • centrations in the atmosphere had al­
year, spokesmen for the chloroftuoro- most tripled within the last ten years, 
carbon industry were assuring every- and that total release of dichloro­
one that careful monitoring of ozone difluoromethane from 1976 through 
levels around the world could provide 
an early-warning system for ozone de­
pletion . Considerable publicity was 
also given to a scheme whereby instru­
ments designed not only to measure 
ozone but also to detect chemical reac­
tions that might be depleting it would 
be carried to an altitude of twenty-five 
miles by a balloon four hundred and 
fifty feet in diameter and then lowered 
and raised through the stratosphere on 
a twelve-mile-long synthetic line that 
-as it happened-had been developed 
and manufactured by du Pont. Billed 
as the world's biggest yo-yo, the new 
device was supposed to undergo testing 
before the end of 1981. However, diffi­
culties encountered in design and con­
struction soon put this plan way be­
hind schedule. The first test flight of 
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19 79 was almost th irty-five per cent 
greater than the estimate given out by 
the Chemical Manufacturers Associa­
tion. 

As it turned out, word of these 
developments was overshadowed by 
press coverage of yet a third National 
Academy of Sciences report, which had 
been issued on the last day of March. 
The latest study contained little that 
was new in the realm of stratospheric 
chemistry-its prediction that eventual 
depletion of the ozone layer would fall 
within the range of between five and 
nine per cent was based upon cal­
culations that had been made a year 
before and published by the World 
Meteorological Organization and 
NASA-but it presented an unusually 
grim analysis of the human-health 
hazards that would result from such a 
depletion, warning that the accompa­
nying increase in ultraviolet light 
would cause much more skin cancer 
than had previously been suspected, 
and would also cause painful irritation 
of the eyes and have adverse effects 
upon the body's immune system. Yet 
in spite of these ominous conclusions 
the new Academy report was greeted 
from one end of the country to the 
other by newspaper headlines declar­
ing that the threat to the ozone layer 
was not as serious as had been thought 
-a comfortable assessment that de­
pended upon comparison of the latest 
Academy estimate of ozone depletion 
with the one that had appeared three 
years earlier, in its 1979 report, which 
had predicted that the long-term loss 
could be as high as sixteen and a half 
per cent. It was less comforting to 
compare the most recent forecast with 
the seven-to-thirteen-per-cent deple­
tion range that Rowland and Molina 
had predicted when they first brought 
their worrisome findings to public at­
tention, back in 1974. Indeed, when 
this comparison was made it was clear 
that their original estimate of ozone 

• depletion had held up remarkably well 
over the years-especially in light of 
the many uncertainties that had char­
acterized the course of atmospheric 
chemistry. It was equally clear that 
during this whole period precious little 
had been done to resolve the problem 
the two scientists had described, and 
that its outcome, like the chloroftuoro­
carbons, remained in the air. 

AT this point, with no apparent end 
to the controversy in sight, I 

decided to fty out to California and pay 
a call upon Professor Rowland, whom 
I had first met in 19 7 4, in order to get 
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his reaction t~ t~e situation .. Orig i­
allv a specialist in the chemistry of 

n • h • 1 adioactive isotopes, e 1s a arge, pa-
~ient man in his late fifti es, who re­
gards his career as having been rela­
tively uneventful until he became in­
volved with chloroBuorocarbons, and 
who recalls iron ically that his only 
previous brush with controversy oc­
curred when, in 1971 , following the 
discovery that swordfish and tuna con­
tained hig h levels of mercury, he and 
some colleagues drew the ire of envi­
ronmentalists by demonstrating that 
these levels were in fact no higher 
than those found in specimens of 
swordfish and tuna that had been pre­
served in alcohol for decades. Since 
1974, however, he had been very much 
in the thick of the dispute surrounding 
the ozone-depletion hypothesis that he 
and Molina had worked out, and had 
spent much of his time and energy 
describing the scientific background of 
the ozone problem at congressional 
hearings, before state legislative com­
mittees, for various federal and state 
regulatory agencies, to university 
audiences, and at international meet­
ings around the world. He had also 
been elected to the National Academy 
of Sciences and the American Acad­
emy of Letters and Sciences, and had 
received the American Physical Soci­
ety's Leo Szilard Award for Physics in 
the Public Interest. 

At the time of my visit-in April of 
1982-I found him in the cluttered 
office he occupies on the top floor of 
the Physical Sciences Building, a for­
trcsslike structure on the sprawling 
fifteen-hundred-acre campus of the 
University of California at Irvine. 
When I asked him how he felt about 
the current state of the long-drawn­
out debate that he and Molina had 
initiated, he smiled grimly and handed 
me a newspaper clipping containing 
the announcement that the Pennwalt 
Corporation was investing ten million 
dollars to modernize and expand its 
chlorofluorocarbon plant at Calvert 
City, Kentucky. "As you can see, in­
dustry has become so confident that 
there will be no further regulation of 
chlorofluorocarbons that it is increas-
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whose consequences were less than 
certain , and th is failure had, in his 
opinion , been brought about by indeci­
siveness on the part of the scientific 
community, timidity on the part of the 
regulatory agencies, ignorance on the 
part of the public, inconsistency on the 
part of the press, indifference on the 
part of other nations, and obstruction 
and obfuscation on the part of indus­
try. "The authors of the first National 
Academy of Sciences report established 
a debilitating precedent at a crucial 
time in the whole affair when they 
advocated a delay in regulation for a 
year or two and tried to justify it on 
the ground that the resulting accumu­
lation of chlorofiuorocarbons in the 
atmosphere would produce only a mi­
nor additional loss of ozone," he said. 
"In so doing, they gave the impression 
that we could continue to put off find­
ing a solution to the problem indefi­
nitely, and that is exactly what indus­
try has been urging ever since. As for 
the regulatory agencies, their subse­
quent decision to impose a ban solely 
on the use of chloroBuorocarbons as 
aerosol propellants fragmented the 
problem, and inadvertently created the 
idea in the mind of the public that it 
had been solved when in fact it had 
been only partly alleviated. The news 
media played a role in the rise of this 
misconception. Of course, the press 
was instrumental in bringing the 
chlorofiuorocarbon problem to public 
attention, but once the partial ban was 
announced most newspaper accounts 
conveyed the false impression that the 
matter had been taken care of. Then, 
as the novelty of the story wore off, the 
press lost interest and failed to describe 
the growing complexity of the issue as 
it unfolded over the next few years. 
The result is that relatively few people 
appear to understand the magnitude of 
what is happening. For example, it is 
not well known that chlorofluoro­
carbon molecules, no matter where 
they are released, disperse very quiclcly 
throughout the atmosphere, and that 
an emission in Europe, say, will sweep 
across Asia and the Pacific and reach 
the California coast in about a month. 
Few of our fellow-citizens seem to 
realize that the damage now being 
infiicted upon the ozone layer above 
the United States-or, for that matter, 
above any other nation-is cumulative 
damage caused by chlorofiuorocarbons 
that have been released throughout the 
world. People are unaware of the im­
portance of obtaining international 
agreements to deal with the threat. 
Engl ish and French atmospheric 

scientists have always been skeptical of 
our concern for the ozone layer. At 
first , many of them chose to think that 
it was a ploy directed against their 
joint Concorde project, and later they 
carried their skepticism into the dis­
cussions of international control of 
chlorofluorocarbon emissions. More­
over, along with other major Euro­
pean chlorofluorocarbon-producing 
nations, the English and the French 
have resented our suggesting that they 
cut down on their use of chlorofluoro­
carbons in aerosol sprays while we 
continue to use huge quantities of 
chlorofiuorocarbons to air-condition 
our automobiles and make plastic-foam 
products, such as packages for fast 
foods. Here again, you see, the partial 
ban has come back to haunt us." 

When I asked Rowland why he 
thought his fellow-scientists had for 
the most part failed to take a strong 
stand on the chlorofluorocarbon issue, 
he replied that scientists generally 
avoid speaking out on any subject with 
which they are not wholly conversant, 
and rarely become involved in contro­
versial matters unless they are ap­
pointed to a study group by some such 
organization as the National Academy 
of Sciences. "Chemists, in particular, 
have tended to feel stigmatized by all 
the adverse publicity that has sur­
rounded their profession in recent 
years," he said. "Their reaction to 
environmental problems caused by 
chemicals-whether it's the pollution 
of Love Canal, the contamination of 
ground water, or the destruction of the 
ozone layer-is frequently a defensive 
withdrawal from public involvement. 
Many of them are convinced that such 
problems are either nonexistent or 
grossly exaggerated. For those of us 
who are concerned with the strato­
sphere, the problems are somewhat 
different. We are fascinated by the 
incredible complexity of the chemical 
reactions that occur up there, and we 
take great delight in trying to under­
stand them in every last detail. We 
find it profoundly exhilarating, for ex-
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ample , to attempt a prediction and 
then obtain confirmation of it by mak­
ing an actual measurement-or, con­
versely, to come up with a new and 
unexpected measurement that sends us 
back to revise our mathemat ical mod­
els. The trouble is, we have become so 
absorbed in the minutiae of our work 
that we tend to spend our time filling 
in elaborate details and sometimes fail 
to see things in sufficiently large per­
spective. Over the past eight years, I 
have probably been to more than a 
hundred scientific meetings about the 
ozone problem-meetings that were 
attended by at least half of the thou­
sand or so atmospheric scientists who 
are conversant with this problem­
and I have never failed to wonder at 
how completely the sheer technical as­
pects of stratospheric science dominate 
such gatherings, and how little discus­
sion, either formal or informal, is 
given to the implications of ozone de­
pletion upon plants, crops, fish, 
weather, or, for that matter, human 
health. 

"Another problem, in my view, is 
the fact that the chlorofiuorocarbon 
panel of the Chemical Manufacturers 
Association has become an important 
source of financing for atmospheric 
research, with the result that a sub­
stantial number of our finest atmo­
spheric scientists are being supported 
in their work by companies engaged in 
the manufacture of chloroBuoro­
carbons. It may prove easier for those 
scientisu to suggest new studies of the 
ozone layer and different techniques 
for measuring chemical reactions in 
the stratosphere than to call for regu­
latory .action against chlorofiuoro­
carbons. In any case, we find our­
selves, one way or another, in the 
midst of a large-scale experiment to 
change the chemical construction of 
the stratosphere, even though we have 
no clear idea of what the biological or 
meteorological consequences may be." 

Researchen in the Department of 
Transponation's Climatic Impact As­
sessment Program, Rowland told me, 
decided in the early nineteen-seventies 
that the maximum tolerable amount of 
long-term worldwide ozone depletion 
would be any detectable change. "At 
that time, assuming some improvement 
in measuring capabilities, this was es­
timated to be one-half of one per 
cent," he said. "Later, the members of 
the National Academy of Sciences' 
Committee on Impacts of Stratospheric 
Change suggested that an eventual 
two-per-cent reduction of ozone might 
be acceptable. Today, it is the assess-

1 
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rnent of the chlorofluorocarbon in­
dustry that we can afford to wait until 
we have measured an actual loss of one 
and a half per cent. T he fact is, of 
course, that none of these estimates of 
what degree of depletion would be 
tolerable have been based upon sc ience. 
All of them represent guesswork, 
crossed fingers, and wishful thinking . 
No one has the slightest way of know­
ing, for example, what amount of 
ozone depletion is required to produce 
an important shift in the climate of the 
earth. We do know, however, that if 
another eight years go by without our 
taking adequate steps to reduce chloro-
6uorocarbon emissions approximately 
four million tons of chlorine will have 
been added to the twelve million tons 
that are now estimated to be Boating 
about in the atmosphere. We also 
know that if we continue on our pre­
sent course enough chlorine will even­
tually make its way into the strato­
sphere to create a dangerous situation. 
What we don't know is how far in the 
future the point of danger lies-or, for 
that matter, whether it has already 
been passed. At th is point, it seems ob­
vious that we have only two alterna­
tives. We can continue the large-scale 
experiment on the stratosphere which 
is now in progress, in order to deter­
mine what its consequences may be. 
Or we can discontinue the experiment, 
for the simple reason that its con­
sequences may prove to be disastrous 
for mankind. One thing we cannot do 
is undo what we have done. Even if a 
total, worldwide ban on chloro6u­
orocarbons were put into effect today, 
the level of ozone destruction in the 
upper stratosphere would continue to 
increase until the end of this century 
and would persist with gradually de­
creasing severity throughout the next. 
All th ings considered, it seems sensible 
to discontinue the experiment as rapid­
ly as possible. As a first step, I would 
make the same recommendation that 
was made by the authors of the Na­
tional Academy of Sciences' report of 
1979. I would urge that the use of 
chloro6uorocarbons as aerosol propel­
lants be banned on a worldwide basis 
without further delay. I would also 
urge that all nations proceed to reduce 
sharply their use of these chemicals in 
other nonessential applications." 

DURING the next two years, the 
debate over the ozone layer con­

tinued to be carried on largely out of 
public sight and mind, and without 
much urgency, as laboratory experi­
ments to remeasure and refine the rate 

of various chemical reactions taking 
place in the stratosphere further re ­
duced the estimate of long- term ozone 
depletion by chlorofluorocarbons. As a 
result of some of these experiments, 
stratospheric ozone losses from nitro­
gen oxides em itted by high -flyi ng 
S.S. T .s were once aga in est imated to 
be significant. At the same time, actual 
measurements at ground level showed 
that there was a slow but steady in­
crease in the concentration of other 
atmospheric gases-nitrous oxide, for 
one, and methane, which is produced 
primarily by bacterial action in rice 
fields, in swamps, and in the digestive 
tracts of cattle and other domestic ani­
mals. Since it had been known for two 
decades that concentrations of carbon 
dioxide in the atmosphere were also 
increasing, this meant that predictions 
of changes in the chemical composi­
tion of the atmosphere were going to 
continue to require the assessment and 
analysis of a mixture of gases. A 
fourth National Academy of Sciences 
report, issued in February of 1984, 
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latest report reduced their estimates of ._ ___ FR•E•E•C•U•S•T•O•M•E•R•PA•R•K• IN•G ___ .. 

eventual ozone depletion from chloro-
6uorocarbons from the five-to-nine­
per-cent range to a two-to-four-per­
cent range. Their new prediction was 
again based on the assumption that the 
yearly emission of chloro6uorocarbons 
would remain unchanged over the 
next century; it was also based on an 
estimated increase of ozone in the 
lower atmosphere-an estimate based 
on revised chemical-reaction rates­
which was expected to partly offset a 
heavy loss of ozone in the high strato­
sphere resulting from the invasion of 
chloro6uorocarbons. However, when 
they took into account the combined 
effect of carbon dioxide, methane, ni­
trous oxide, and the nitrogen oxides 
emitted by subsonic aircraft, the au­
thors of the Academy's 1984 report 
were able to predict that the total 
ozone level in the atmosphere might 
actually nse by one per cent over the 
next few decades. They arrived at this 
happy possibility by calculating that 
the increasing level of carbon dioxide 
and its consequent absorption of infra­
red radiation would eventually lower 
stratospheric temperatures, thus slow­
ing down chemical reactions that re­
move ozone; that methane reacting 
with chlorine atoms in the stratosphere 
would prevent the chlorine from react­
ing with and depleting ozone; that the 
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decomposition of nit rous oxide in the 
stratosphere would increase concentra­
tions of nitrogen oxides, which would 
react with chlorine compounds to form 
chlorine nitrate , the gas that disrupts 
the ozone-depicting chain reactions of 
both chlorine and nitrogen; and that 
the nitrogen oxides emitted by subson­
ic aircraft in the lower stratosphere 
would be phot9lyzed by sunlig ht to 
form ozone. 

In the end , the Academy's report 
contained good news and bad news. 
The good news was that the grow­
ing concentrations of so­
called trace gases might 
ameliorate the problem 
of ozone destruction by 
chlorofluorocarbons. The 
bad news was that some 
of these gases could en­
hance the dreaded green­
house effect; chloroflu-
orocarbons, for example, 
are known to be at least 
ten thousand times as ef-
ficient as carbon dioxide 
in preventing the escape 

---

of infrared radiation. In view of the 
immense difficulty of quantifying the 
separate and combined cff ects of car­
bon dioxide, methane, nitrous oxide, 
and nitrogen oxides, it was not sur­
prising that the authors of the latest 
report should attempt to outline the 
uncertainties inherent in their find­
ings. They pointed out that if chlo­
rofluorocarbon emissions were to in­
crease at a rate of three per cent per 
year, and if measures were taken to 
reduce carbon-dioxide and nitrogen­
oxide emissions from airplanes, the to­
tal ozone level in the atmosphere could 
decrease by as much as ten per cent by 
the year 2040. Still, they took: comfort 
in the fact that between 19 70 and 1980 
detailed statistical analysis had found 
"no discernible trend" in the total 
amount of ozone in the atmosphere. 

As might be expected, the press re­
sponse to the report tended to empha­
size its decreased estimate of ozone 
depletion and to ignore its prediction 
of dire consequences if chlorofluoro­
carbon emissions were to rise. The 
reaction of the chlorofluorocarbon in­
d us try was also unsurprising. "It 
shows we don't have an imminent 
crisis on our hands," Donald R. 
Strobach, the manager of environmen­
tal programs at du Pont's Freon Prod­
ucts Division, said of the report. 
"What we have is time to research in 
a rational way." But even as he and 
the authors of the report were assuring 
the nation and the world that no dras-

tic changes in the level of ozone were 
expected in the next few decades, me­
teorolog ists who were engaged in 
measuring ozone with ultraviolet spec­
trometers at stations in the Northern 
Hemisphere were fi nding that ozone 
concentrations in the atmosphere had 
in fact fallen sharply since late 1982. 
Scientists at the Swiss government 's 
ozone-monitoring facil ity at Arosa, 
Switzerland, reported that the 1983 
ozone average in the atmosphere above 
their measuring stations was fully 
eight per cent below the annual aver­

age for the previous half 
century and was the low­
est yearly value they had 
ever recorded; meteorolo­
gists at the West German 
government's weather 
station at Hohcnpcisscn­
bcrg, in the Bavarian 
Alps, recorded an ozone 
reduction of seven per 
cent in 1983-the lowest 
in the station's twenty 

~ years of operation; and re-
searchers in Toronto found 

that the five stations of the Canadian 
government's ozone-monitoring net­
work had measured an average ozone 
reduction over Canada of three per 
cent. As a result of these and other 
measurements from around the world, 
scientists at the National Oceanic and 
Atmospheric Administration calculated 
that during the first half of 1983 there 
had been a drop of between five and 
seven per cent in ozone concentrations 
over the entire Northern Hemisphere. 

This staggering loss of ozone was 
not publicly reported in the United 
States until the autumn of 1984, and 
when I first heard about it-at the end 
of June, ten years almost to the day 
after the publication of Rowland and 
Molina's original hypothesis of ozone 
depletion by chlorofluorocarbons-I 
decided to pay another call upon Row­
land, to find out if he had any light to 
shed upon the situation. Since my visit 
two years earlier, he had won the 
American Chemical Society's Award 
for Creative Advances in Environ­
mental Science and Technology; he 
had been a co-winner of the Tyler 
Award in Ecology and Energy, with 
Molina and Harold S. Johnston, of the 
U nivcrsity of California at Berkeley, 
whose work on nitrogen oxides in the 
stratosphere had stimulated the debate 
over the environmental effects of 
S.S.T.s. Rowland had also served for 
two years on the Acid ~n Peer Re­
view Panel of the Executive Office of 
the White House. "Most of the ozone 
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loss in 1983 occurred in the lowe r 
st ratosp here-between twel ve an d 
twenty miles in altitude ," he told me. 
"What is surprising is that not only 
were most of the predicted cff ccts of 
chlorofluorocarbons expected to take 
place in the high stratosphere-about 
twenty-five miles above the earth-but 
no strong effects of any chemicals were 
predicted in the lower stratosphere. No 
one yet knows w hy ozone levels 
dropped so sharply in the lower strato­
sphere in 1983, but it could have been 
related to the presence of particles of 
sulfuric acid and other gaseous de­
bris that were thrown into the atmo­
sphere by the eruption of the Mexican 
volcano El Chichon in April of 1982. 
My colleagues and I arc currently 
investigating the possibility that there 
might be some reaction between chlo­
rine nitrate and other molecules, such 
as water, on the surfaces of the volcan­
ic debris, but the precise chemical con­
nection between them remains a mys­
tery that will probably not be solved 
for some time. Whatever the outcome, 
the loss of ozone in 1983 serves not 
only to emphasize our lack: of under­
standing of chemistry in the lower 
stratosphere but to call into question 
our ability to make accurate predic­
tions about what is happening there. 
Remember that the atmospheric mod­
els cited in the most recent National 
Academy report suggested that an in­
crease in ozone should be expected in 
that very region. Remember also that 
while the predictions for the lower 
stratosphere have fluctuated widely 
over the past decade, all the calcula­
tions have shown that continued use of 
chlorofluorocarbons will eventually 
cause losses of ozone as high as fifty 
per cent in the upper stratosphere. 
Thus, it stands to reason that the high 
stratosphere is an ideal place to seek 
evidence of ozone depletion by chlo­
rofluorocarbons. As it happens, stat­
isticians from the University of Wis­
consin and the University of Chi­
cago reported a few weelcs ago that 
analysi$ of dau provided by thirteen 
sutions in the N orthcrn Hemisphere 
and Australia, all of which used ultra­
violet spectrometers to measure ozone 
in the atmosphere, showed what they 
called 'statistically significant negative 
ozone trends' in the upper strato­
sphere. These data confirmed previous 
measurements, by NASA satellites, of 
ozone loss in the upper stratosphere, 
which had been occurring since 1970. 
Back in 1974, an official of the du 
Pont Company told a congressional 
subcommittee that if credible evidence 
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should be developed to show that ,------------::::::::.----------------. 
chlorofluorocarbons posed a hazard to j 
human health du Pont would stop 
manufacturing them. These days, the 
chlorofiuorocarbon industry appears to 
have decided that it docs not intend to 
consider any evidence credible as long 
as there is the slightest doubt about the 
validity of any part of the ozone-deple­
tion hypothesis. Thus, credible evi­
dence becomes impossible to achieve­
simply because there will always be 
some degree of uncertainty in measur­
ing atmospheric changes and there 
will always be discrepancies in the 
mathematical models that simulate 
chemical reactions in the stratosphere. 
For this reason, one can expect indus­
try to keep on asking for more time, to 
conduct other investigations. The tac­
tic is lcnown as studying the problem 
to death, and-considering what is at 
stake-it is a blatantly cynical one. 
W c have been studying the chloro­
ftuorocarbon problem for more than 
ten years now, and during each of 
these years at least a million tons of 
chloroftuorocarbons, worth more than 
a billion dollars, have been sold 
throughout the world. That's the bot­
tom line as far as the chemical compa­
nies are concerned. The bottom line 
for the rest of us is that during each of 
these ten years a million tons- of 
c hloroftuorocarbons, containing at 
least five hundred thousand tons of 
chlorine, have been added to the atmo­
sphere, and that sooner or later all this 
chlorine will be unleashed in the strato­
sphere to attack the ozone layer." 

When I asked Rowland if he 
thought there was much chance of 
preventing this, he shook his head and 
said he did not. "As a professional 
scientist, I hate to have to admit that," 
he said. "After all, what's the use of 
having developed a science well 
enough to make predictions, if in the 
end all we 're willing to do is stand 
around and wait for them to come 
true? But, from what I've seen over 
the past ten years, nothing will be 
done about this problem until there is 
further evidence that a significant loss 
of ozone has occurred. Unfortunately, 
this means that if there is a disaster in 
the making in the stratosphere we are 
probably not going to avoid it." 

A POWERFUL indication that 
the disaster Rowland had been 

predicting for a decade might be at 
hand arose just a few months after our 
talk. In October of 1984, the atmo­
spheric scientists of the British Ant­
arctic Survey who had been disregard-
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ing their ozone measurements taken at 
Halley Bay-which had recorded a 
steady l_oss of stratospheric ozone above 
Antarctica since 19 / 7, with especially 
large temporary decreases every Octo­
ber during that seven-year period­
had begun to observe similar losses at 
their measuring station in the Argen­
tine Islands. Late in December, the 
British scientists submitted to Nature 
their paper describing the large losses 
of ozone above Antarctica-losses 
they characterized as "a dramatic 
change." But when their paper was 
published, in May of 1985, there was 
almost no reaction either in the press 
or within industry or government cir­
cles. Among the members of the 
world's atmospheric-science commu­
nity, there was an initial call for more 
information and for corroboration. 
This was quick in coming, for by Au­
gust the atmospheric scientists who 
were assessing data collected by NASA's 
Nimbus 7 satellite had belatedly re­
programmed their computers to stop 
rejecting indications of severe ozone 
loss just because such low levels had 
never been seen before. As a result, 
they were able not only to confirm the 
disturbing observations of their British 
colleagues but to provide a detailed 
map of an enormous hole that had 

• appeared in October of 1983 in the. 
ozone layer above the Antarctic conti­
nent. The loss of ozone above Antarc­
tica that month had approached forty 
per cent, and by October of 1985 was 
nearly sixty per cent. Moreover, a new 
analysis of data that had been collected 
by the satellite between 1978 and 1984 
showed that there had been a signifi­
cant decline of ozone over that period 
in all latitudes of the globe. 

The autumn of 1985 saw a frantic 
scramble among atmospheric scientists 
to account for this latest phenomenon. 
None of the existing atmospheric 
models upon which they had depended 
for estimating ozone depletion were 
predicting large-percentage losses of 
ozone until the middle of the twenty­
first century. Some of the scientists 
now assumed that their models had 
omitted certain critical chemical reac­
tions-for example, the possible inter­
action of chlorine nitrate with water 
or hydrogen chloride on the surfaces 
of stratospheric particles, such as the 
ice crystals that are formed during the 
cold polar night. Other scientists tried 
to explain the hole in the Antarctic 
ozone layer as the result of a special 
meteorological condition, in which 
ozone-depleted air from the upper 
stratosphere might somehow subside 

upon the Antarctic continent during 
the months of darkness, or in which 
ozone-poor air from the lower atmo­
sphere might somehow be drawn up 
into the stratosphere. Most of them 
tended to agree, however , that the 
large ozone losses above the Antarctic 
were associated with the rapid in­
creases in chlorofluorocarbon concen­
trations in the atmosphere over the 
previous decade. The trouble was that, 
as usual, none of the explanations of 
ozone depletion could be proved by 
actual measurement of chemical 
processes in the Antarctic atmosphere. 
This, as usual, allowed the chloro­
fluorocarbon industry to suggest that 
any connection between chlorofluoro­
carbons and ozone depletion in the 
Antarctic rested on theory. Indeed, 
Dr. Robert Orfeo, a scientist with the 
Allied Corporation-the nation's 
second-largest producer of chloro­
fluorocarbons-declared on a Cable 
News Network television program 
that any such linkage amounted to 
"sheer speculation." 

Dr. Rowland, for his part, reacted 
to the news by pointing out in inter­
views that the chlorofluorocarbon in­
dustry's often repeated assurances that 
there would be ample early warning of 
any serious ozone depletion had turned 
out to be worthless. He also pointed 
out that for nearly twelve years the 
prevailing assumption of industry, 
government, and many members of the 
scientific community had been that his 
and Molina's original hypothesis of 
ozone depletion by chlorofluorocarbons 
would prove to have been overesti­
mated, and that the appearance of a 
vast hole in the Antarctic ozone layer 
tended to show just the opposite. And 
he concluded that the margin of safety 
for the world's ozone layer was so thin 
that no nation should any longer per­
mit the releast of chlorofluorocarbons 
in any form. In short, he now advo-
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cated a worldwide ban on virtually all 
uses of the compounds. 

During the winter, I telephoned 
Rowland and asked him to explain 
how and why the unexpected loss of 
ozone was taking place in the strato­
sphere above Antarctica, and why the 
depletion was so pronounced in Octo­
ber. To begin with, he told me that 
atmospheric scientists were not certain 
about the precise chemistry that occurs 
in the Antarctic stratosphere and that 
very few balloon measurements of it 
had been made. "What is known is 
that Antarctic meteorology between 
May and November-roughly the 
time of Antarctic winter and early 
spring-is dominated by a rotating air 
mass called the polar vortex," he said. 
"This air mass is still dominant in 
September at the start of the Antarctic 
spring, which means that any decom­
position product such as chlorine ni­
trate has for the most part remained 
sequestered in total darkness for many 
months and has been essentially unaf­
fected by solar radiation. My col­
leagues and I believe that during this 
time there is a strong possibility that 
the chlorine nitrate interacts with 
molecules of water or hydrogen chlo­
ride on the surf aces of stratospheric ice 
particles, thus forming even more re­
active chlorine compounds. When 
these compounds are struck in Septem­
ber by the first sunlight of the Antarc­
tic spring, they decompose immediately 
and commence the chlorine chain 
reaction that results in very rapid de­
struction of ozone. The depletion is all 
the greater because as a result of the 
sun's low angle on the horizon the 
ultraviolet component of Antarctic 
sunlight is filtered out, which means 
that almost no ozone is being formed 
by the natural reaction of short-wave­
length ultraviolet radiation on molec­
ular oxygen. The problem is further 
exacerbated by the fact that ozone­
bearing air masses from other latitudes 
do not migrate to the Antarctic until 
November, when the sun rises high 
enough above the horizon to heat the 
Antarctic air, causing the polar vortex 
to break up and the hole in the ozone 
layer to be filled once again with 
ozone-rich air from elsewhere. The 
trouble is that in spite of this annual 
replenishment there is about six to ten 
per cent less ozone over Antarctica 
during the summer and fall these days 
than there was twenty years ago. In 
their 198 5 article in Nature, the scien­
tists of the British Antarctic Survey 
took pains to point out the striking 
correlation between this decline of 
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ozone above Antarctica and the rapid 
increase of chlorofluorocarbon concen­
trations in the Antarctic atmosphere. 
Indeed, when one remembers that the 
British scientists did not measure any 
significant ozone depletion in the Ant­
arctic between 1957 and 1977, what 
could be a more likely cause of the 
sudden appearance of an enormous 
hole in the Antarctic ozone layer than 
the explosive growth of chlorofluoro­
carbons in the world's atmosphere 
during the past fifteen years?" 

NEWS of the cata.mophic loss of 
Antarctic ozone notwithstand­

ing, the Environmental Protection 
Agency had little to say about strato­
spheric problems during 1985. Many 
observers believe that the agency was 
still bound by the anti-regulatory fet­
ters that had been imposed upon it 
during the early years of the first Rea­
gan Administration. ( Some idea of the 
mind-set of high E.P.A. officials dur­
ing that era can be had from a recent 
book entitled "Are You Tough 
Enough?," by Anne Gorsuch Burford, 
who in the course of describing her 
two-year stint as the agency's adminis­
trator dismisses the ozone-depletion 
problem as a scare issue, calling upon 
her readers to "remember a few years 
back when the big news was fluorocar­
bons that supposedly threatened the 
ozone layer?" ) An indication that the 
E.P.A. might be reevaluating the 
chlorofluorocarbon threat came in No­
vember, however, when officials of the 
agency and the Natural Resources De­
fense Council-an organiution that 
has won a number of landmark court 
cases involving environmental prob­
lems-announced that they had 
reached an out-of-court settlement of a 
lawsuit broug ht against the E.P.A. by 
the Council in 1984. The lawsuit had 
called upon the E.P.A. to carry out its 
1980 promise of Phase Two regula­
tion of the uses of chlorofluorocarbons 
other than as aerosol propellants, and, 
as part of the settlement, E.P .A. offi­
cials had agreed to make a decision on 
the matter by November of 1987. 

A further indication that the E.P .A. 
was rethinking its position came early 
last January, when the agency pub­
lished in the F ederai Retister an an­
nouncement of what it called a Strato­
spheric Ozone Protection Plan. The 
announcement stated that by enhanc­
ing the E.P.A.'s research and analysis 
of stratospheric-ozone problems the 
program would provide "necessary 
technical information for use in future 
Agency decisions on whether or not to 

regulate chlorofluorocarbons (CFCs ) 
or other chemicals that may affect the 
ozone layer." After reviewing the pos­
sible environmental and health effec ts 
of exposure to increased ultraviolet ra­
diation resulting from the depletion of 
ozo ne by chlo rofl uorocarbons, the 
E .P.A. declared that the production 
and use of the chemicals might also 
"contribute to the predicted global 
warming from the 'greenhouse ef­
fect.'" The agenc}' went on to say 
that a major review of atmospheric­
science issues related to ozone modifi­
cation had been sponsored by NASA, the 
World Meteorological Organization, 
the United Nations Environment Pro­
gramme, and other national and inter­
national organizations, and that a 
report of this review would soon be 
published. It then described interna­
tional negotiations concerning the 
protection of the ozone layer which 
had been conducted in Vienna under 
the auspices of UNEP, and had resulted, 
in March of 198 5, in the adoption of 
the Vienna Convention for the Protec­
tion of the Ozone Layer. After ac­
knowledging that the Vienna confer­
ence had "failed to agree on any ap­
propriate global control measures," 
the E.P.A. said that in lieu of such 
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measures a resolution had been passed --------------­
"calling for an economic workshop to 
analyze relevant aspects of control op­
tions and for continued negotiations 
culminating in a second Diplomatic 
Conference planned for April 1987." 

As for the E.P.A.'s own efforts at 
researching and analyzing the threat 
to the ozone layer, the agency declared 
that its new program would stress 
evaluation of future rates of growth in 
chloro6uorocarbon emissions, model-
ling of changes to the ozone layer 
resulting from changes in-the chemical 
composition of the earth's atmosphere, 
assessment of the performance of at­
mospheric models in light of atmo-
spheric-monitoring data, and contin-
ued study of environmental and health 
effects from exposure to increased ul­
traviolet radiation or to changes in 
climate resulting from ozone modifica­
tion. As its 6m order of business, the 
E.P.A. announced that it would con­
vene a domestic workshop in March of 
1986 to analyze the future demand for 
chlorofluorocarbons and other atmo­
spheric pollutants, as well as the costs 
and feasibility of emission-reduction 
technologies, and that UNEP would 
sponsor an international workshop in 
May to deal with the same issues. The 
agency reported that the United States 
and UNEP were jointly sponsoring an 
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international conference on the envi­
ronmental and health consequences of 
ozone depletion and climate change, to 
be held in mid-June in Washington; 
that it was planning to convene a 
workshop to evaluate global and do­
mestic control strategies in July; and 
that UNEP would follow up with an 
international workshop on the same 
issue in September. In conclusion, the 
E .P .A. pointed out that once it had 
reviewed the results of all this evalua­
tion and analysis it would 
publish a notice in the 
Federal Register no later 
than November, 1987, in 
which it would either 
promulgate new regula­
tions or announce another 
decision to take no im­
mediate action. Nowhere 
did the agency acknowl­
edge that it had agreed 
to do so as a result of its 
out-of-court settlement 
with the Natural Re­
sources Defe nse Council , 
nor did it make any men­
tion of the hole that 
had appeared in the ozone layer above 
Antarctica. 

In spite of the generally sanguine 
tone of the E .P .A.'s January an­
nouncement in the Federal Register,-it 
soon became apparent that the 
chlorofiuorocarbon threat to the ozone 
layer had finally begun to worry high 
officials of the agency. The hundred 
and fifty or so participants at its 
March workshop on the future de­
mand for chlorofiuorocarbons and the 
feasibility of controlling them were 
greeted by none other than Lee M. 
Thomas, the agency's new adminis­
trator . After assuring his listeners­
they included a bevy of economists, 
E.P .A. officials, and chlorofiuoro­
carbon-industry representatives, and a 
handful of atmospheric scientists­
that the E.P.A.'s new Stratospheric 
Ozone Protection Plan should be 
viewed as a commitment to deciding 
whether there was a need for regula­
tory action rather than as a presuppo­
sition that additional controls were in 
fact needed, Thomas warned that a 
substantial change in global climate 
caused by ozone-modifying gases could 
"alter the current ecological balance of 
our planet." He said that after review­
ing a recent NASA report on strato­
spheric protection he had been struck 
by the uncertainties in accurately pre­
dicting future atmospheric changes, 
and he cited as a prime e.umple the 
discovery of the forty-per-cent deple-

tion of ozone duri ng the spr ing season 
in Antarctica over the previous decade, 
stressing the disturbing fact that this 
phenomenal change had not been pre­
dicted by any of the atmospheric mod­
els currently in use. He then described 
what amounted to a brand-new, if 
somewhat after-the-fact, E.P .A. atti­
tude toward the chlorofiuorocarbon 
problem: "In the face of all th is scien­
tifi c uncertainty, one might ask why 
has E.P.A. embarked on programs to 

assess the risks and to de­
cide whether additional 
CFC regulations are nec­
essary? Why not simply 
adopt a 'wait-and-see' at­
titude and hold off a de­
cision until depletion is 
actually confirmed? Let 
me address this question 
squarely. E .P.A. does not 
accept, as a precondition 
for decision, empirical 
verification that ozone de­
pletion is occurring. Sev­
eral aspects of the situa­
tion suggest we may need 
to act in the near term to 

avoid letting today's 'risk' become 
tomorrow's 'crisis.' " In conclusion, 
Thomas said that the protection of 
stratospheric ozone was a vital issue, 
which his agency was "determined to 
deal with," and that its implications 
for human health and the environment 
were "as potentially vast as any I 
have to deal with as administrator 
of E.P.A.'' He then read a sentence 
from the NASA report which echoed the 
warning that Dr. Rowland had been 
issu ing for more than a decade: 
"Given what we le.now about the 
ozone and trace-gas-chemistry climate 
problems, we should recognize that we 
are conducting one giant experiment 
on a global scale by increasing the 
concentration of trace gases in the at­
mosphere without knowing the envi­
ronmental consequences." 

As might be expected, Thomas's 
opening remarlcs to the E.P.A. work­
shop sent a chill along the spine of the 
chlorofiuorocarbon industry and its 
lobbying group, the Alliance for Re­
sponsible CFC Policy. Industry an­
guish was readily apparent at a lun­
cheon on the following day, when the 
worlcshop participants were addressed 
by Richard Barnett, the chairman of 
the Alliance. Barnett told his audience 
that the E.P .A. 's emphasis on further 
research and international cooperation 
should be perceived as "good news," 
but that the "seemingly good news 
may be an illusion," because the title 
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of the agency's new program , Stra to­
spheric Ozone Protection Plan, was 
apparently being used in some quarters 
as a synonym or code word fo r further 
chlorofiuorocarbon regulation. "To 
say the least, we are troubled by the 
current strategy of the E .P .A. to hold 
a series of inte rnational and domestic 
conferences intended to build a con­
sensus around the nature and severity 
of the [ chlorofiuo rocarbon ] problem 
and the major options fo r remedy," 
Barnett declared. " We should remain 
focussed on the stratospheric-ozone­
protection problem." After com­
plaining that chlorofluorocarbons were 
being singled out unfairly for scrutiny, 
he cited the NASA report, which stated 
that the chemical effects of trace gases 
such as carbon dioxide, carbon monox­
ide, nitrous oxide, methane, and 
chlorofiuorocarbons on atmospheric 
ozone were "strongly coupled and 
should not be considered in isolation." 
He dismissed the suggestion that the 
depletion of ozone over Antarctica in­
dicated that the "theorized depletion" 
of ozone by chlorofiuorocarbons might 
already be talcing place, declaring that 
atmospheric-model calculations "con­
tinue to suggest that no significant 
change in total ozone will occur 
through the next several decades," and 
that "although the observed reductions 
in the ozone over the Antarctic region 
are real, the ozone levels return to 
near normal soon after the October 
springtime begins, and no plausible 
mechanism has been proposed to ex­
plain this phenomenon." The many 
uncertainties regarding the effects of 
man 's activity upon ozone could be 
resolved only through vigorous re­
search programs, Barnett said, and 
science could not today provide definite 
conclusions to justify a specific regula­
tory policy. He warned that the econ­
omy of the nation would be severely 
penalized if chlorofiuorocarbons could 
not be used in foam insulation, air­
conditioning, and refrigeration, and 
that there could be "substantial rislcs to 
worker safety by converting to sub­
stances that may be of greater toxicity 
or possess less desirable properties." 

Barnett's arguments were supported 
by Igor Sobolev, a scientist with Kai­
ser Aluminum-a major producer of 
chlorofiuorocarbons-who suggested 
that up to ten years of further research 
would be needed to clear up the uncer­
tainties in stratospheric chemistry; and 
by a number of papers submitted by 
various scientists whose work was be­
ing financed by the Alliance for Re­
sponsible CFC Policy, including one 
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th~~ listed the fast - freez ing of French­
style green beans as one of the impor­
tan t contributions of chlorofluoro­
carbons to the current quality of life. 
Less helpful-indeed, downright dis­
concerting to some of the atmospheric 
scientists who attended the meeting­
was an admission by Donald Strobach, 
of du Pont, that the company had 
given up looking for chlorofluoro­
carbon alternatives some five years ear­
lier. Moreover, it would soon come to 
light that du Pont was in the process 
of expanding its chlorofluorocarbon 
production in Japan, and was intro­
ducing it into China. 

W HEN I telephoned Rowland, 
who had been at the meeting, to 

get his reaction to what had been said 
there, he sounded-as well he might 
-like a man who had heard it all 
before. "A lot of discussion was de­
voted to estimating chlorofluorocarbon 
production over the next ninety 
years," he said wearily. "There hap­
pens, however, to be the enormous re­
ality of a vast hole that is opening up 
in the Antarctic ozone layer each Oc­
tober-an event that went totally un­
predicted by the atmospheric models 
we have been depending on. Even 
though this hole is replenished in No­
vember, the fact that total Antarctic 
ozone levels are down some ten per 
cent from twenty years ago can 
scarcely be described as near-normal, 
and is certainly no excuse for inaction. 
I believe that the hole we are seeing in 
the Antarctic ozone layer is going to 
continue to grow deeper and deeper 
with each succeeding October, and 
that serious ozone losses are likely to 
occur in the stratosphere at all lati­
tudes of the world during the twenty-
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first century. It is pointless to waste L--------------------------------' 
time estimating what the production of 
chlorofluorocarbons will be in the year ------------------------------
2050, because the environmental con­
sequences of their use will have long 
since overtaken us. In short, the atmo­
spheric experiment whose end cannot 
be predicted is well under way and the 
hole in the ozone layer above .Antarc­
tica is, unfortunately, just the begin­
ning." -PAUL BRODEUR 
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Our Fragile Atmosphere: 
The Greenhouse Effect 
and Ozone Depletion 

Seldom have 
environmental issues 

brought su ch a chilling 
awareness of the 
vulnerability of the human 
race as the "greenhouse 
effect" and depl etion of the 
pl anet's layer of protective 
ozone in the stratosphere. 
This EPA Journal explores 
these probl ems and their 
implications for the future. 

EPA Administrator Lee M. 
Thomas sets a perspective 
and presents the Agency's 
ideas on how to approach 
these two problems. 

One of the originators of 
the ozone depletion theory 
explains that theory in 
layman 's terms. A ph ys ician 
discusses the threat of skin 
cancer posed by a depleted 
ozone layer. A representative 
of an industrial organization 
looks at possible action that 
might be taken to limit 
certain chemicals that are 
useful to industry and 
consumers. but whi ch may 
contribute to ozone 
depletion . 

The theory behind the 
greenhouse effect-the other 
suspected atmospheri c 
danger to earth ·s 
environment- is explained 
by a leading resea rcher. The 
awakening of the publi c to 
the greenhou se issue is 
chronicl ed . A major 
consequ ence of the 
greenhouse effect-a rise in 
sea leve ls-is ex pl ai ned by 
an EPA spec iali st on the 
problem . 

Dr. Mostafa K. Tolba, hea d 
of the U.N. En vironment 
Programme. d iscusses the 
global challenges that the 
greenhouse effect an d 
depletion of the ozone layer 
are presenting. U. S. Senator 
John H. Chafee, R-R.I. , wh o 
recentl y chai red Senate 
subcommittee hearings on 
these planetary problems, 
offers a key Congressional 
view. 
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Closing the present ation is 
an arti cle on the 
sophisti ca ted , 
preced ent-setting sc ience that 
is making it possibl e to 
understand the phenom ena 
of the greenhouse effect and 
ozone layer reduction. 

In an unrelated article , a 
U.S. environmental leader 

"The picture 's prett~· bleak . gentlemen 
.. . The 1-vor/d 's cl imates ore changing. 
the mammals ore toking over, and we 
all hm·e o brain ooout th e sizi · of a 
walnut. " 

discusses some new turns 
being taken by 
environmentalism in thi s 
country. A hi stori ca l fea ture 
reports on two littl e-noti ced , 
but major smog episod es in 
New York City in 1953 and 
1966. And a final article 

present s some recent 
findin gs about the effects on 
th e economy of spending for 
en vironm enta l cleanup . 

This iss ue of EPA Journal 
concludes with two regul ar 
features . D 
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Global 
Challenges 
at EPA 
by Lee M. Thomas 

Americans enjoy one of the world's 
highest standards of living. Our 

technological achievements during the 
past half century are unequalled. They 
have contributed significantly to 
improvements in our overall quality of 
life . 

Today. we live longer and better than 
ever before. We have more 
conveniences . More labor-saving 
devices. More products and services 
designed to make our li ves comfortable. 

Unfortunately. the ad vances that 
contributed to the standard of living we 
enjoy today carried with them hidden 
costs . This is particularly true when we 
consider the environmental costs. As we 
improved our material well-being. the 
quality of our environment suffered 
from smokestacks . discharge pipes. and 
dumps that contaminated our air, water. 
and land . 

Since 1970, we have made 
tremendous progress in addressing and 
remedying our past environmental 
mistakes. The air in our cities is far 
cleaner today than it was 20 years ago. 
The quality of thousands of miles of 
rivers and streams has improved. And 
our haza rdou s waste and toxics 
programs are protecting our land and 
ground -water resources . 

But the job of managing and 
improving the quality of our 
environment is far from finished. 
Despit e our su ccesses with traditional 
pollutants. new challenges are at hand. 

These ne\v challenges are significantly 
differen t from those we have already 
met. Thev are more subtle and more 
complex.· No longer are we fightin g 
gross emissions from obvious sources. 
Rather , we are confronting trace toxics 
in our air , water, and food . 

We are dealing with the cross-media 
effects of pollution control - the 
movement of contaminants from one 
environmental medium to another. For 

/Thomos is Administrator of EPA.) 
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example, pollutants removed from the 
water and inci nerated mav threaten the 
air. If we place them on the land. they 
may ultimately contaminate our ground 
water. 

We are learning. too, that sonw of th e 
challenges we face today are global in 
nature. Both the sources of problems 
and the solutions to them are 
international in scope. Depletion of the 
stratospheri c ozone layer is one 
exampl e. The phenomenon of global 
warming - the so-called greenhouse 
effect - is another. 

We do not full y und erstand either. 
Uncertainties exist concerning the 
causes of ozone depletion and 
greenhouse warming. The complex 
processes that lead to both are not full y 
defined. 

There is consensus, however. that 
both are due to increased industrial and 
agricultural activity over the past 200 

years. and parti cu larl y since the end of 
World War II. The burning of coal. oil. 
and natural gas tod ay adds about five 
gigatons of carbon dioxide to the 
atmosphere each year. Combustion of 
these same fossil fuels and increased 
uses of fer tilizers add substan ti al 
quantiti es of nitrou s oxides as well. 

Chlorofluorocarbon s (CFCs), 
discovered in the 1930s. are widelv 
used as refrigeran ts. aerosol proµeilants. 
foam-blO\•ving agents. and solvents. Thl' 
atmospheric levels of CFCs are growing 
at a rate of fi ve to seven percent 
annually. 

And methane from a varietv of 
sources, many of them agricu-lturnl. ha~ 
also been added to the atmosphere in 
substantial quantities during recen t 
decades. 

Many scientists believe that these 
chemicals are causing important 
changes in the chemical composition of 
our atmosphere. Some are ozon e 
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depleters. Others partially offset 
depl etion . But there is growing concern 
that increased use of CFCs could lead to 
net ozone depletion. 

Stratospheric ozone acts as a shield 
against harmful solar radiation . A 
significant reduction of ozone in th e 
upper atmosphere could mean long-term 
increases in the incidence of skin cancer 
and cataracts worldwid e. It could also 
have significant impacts on our 
terrestrial and aquati c ecosystems. 

At the same time, the gases affecting 
ozone also exhibit greenhouse 
properties. That is , they trap solar 
energy in the atmosphere. Thus , they 
could contribute to future warming of 
the earth . 

The effects of global warming over the 
long term go well beyond higher 
temperatures. The greenhouse effect 
could also result in substantially altered 
rainfall patterns, increases in sea level, 
loss of soil moisture , and changes in the 
movement of storms. These shifts could 
affect agriculture , forests, wetlands, 
water resources, and coastal areas . 

While concerns about these problems 
are urgent , we do not believe that harm 
can yet be attributed directly to them. 
On th e other hand, the nature of both 
ozone depletion and global warming are 
such th at if we wait until health and 
environmental impacts are mani fest it 
might be too late to take adequate steps 
to address these problems. 

As we look at solutions. we must 
recognize the unusual nature of these 
new challenges. For both ozone 
depleti on and the greenhouse effect we 
are faced with probl ems where the 
sources of pollution , as well as the 
potenti al impacts, are distributed 
unevenly throughout the world - not 
just between two countries or within 
one region. Furthermore. in neither case 
will the impacts for a particular country 
necessari ly be proportional to its level 
of emissions of the gases in question. 

Thus , traditional approaches to 
problem solving - domestic legislation, 

rulemaking, and enforcement - are 
inadequate to deal with this new class 
of problems. The United States has 
taken some important regulatory steps 
to control CFCs (we banned their use in 
aerosols in 1978). and we are committed 
to a decision on the need for additional 
ru les by November 1987. But more will 
have to be done beyond these unilateral 
actions. 

Recognizing this, EPA 's stratospheric 
ozone protection program incorporates 
concurrent domestic and international 
efforts leading to a coupled decision 
during the next year on an international 
protocol and possible domestic 
regulations. We initiated the program 
over a year ago. 

Since then, we have held a number of 
domestic public workshops, participated 
in two international workshops 
sponsored by the United Nations 
Environment Programme (UNEP). and 
co-sponsored a major scientifi c 
conference on the effects of ozone 
depletion and climate. In addition , we 
have conducted a major scientific risk 
assessment , which has just been 
reviewed by the EPA Science Advisory 
Board. 

More recently, the U.S. played a 
leading role in the first round of 
international negotiation s on an ozone 
layer protoco l, held in Genern during 
the first \•veek of December. With EPA 
assistance, th e U.S. delega tion was a 
strong advocat e of the view that 
meaningful near- and long-term 
measures are needed to protect the 
ozon e layer. Although there is still a 
long way to go, I am hopeful that we 
will see an international protocol 
adopted in 1987 . 

Our experiences with the ozone 
problem have helped us to iaentify a 
number of elements that I am comLinced 
will come into play as we strive to 
address this new generation of 
international environmental challenges. 

First, we must understand the 
magnitude of global environmental 

challenges . Our goal. of course, must be 
to safeguard human hea lth and th e 
environment. 

Second , we must realize that there 
will always be scientifi c uncertainty 
associated with these complex 
problems. We will have to be prepared 
to act despite these uncertainti es. 

Third, if we are to succeed in 
addressing global issues , we must deal 
with them in a global context. UNEP 
has shown strong interest in the area of 
ozone depletion . We will work with 
them to provide the leadership needed 
to move forward. 

Fourth , we must conduct our wor in 
a way that reflects the urgency of the 
problems we face but that does not 
create undue alarm. We do not believe 
we face imminent dangers. Our 
approach to solving these problems 
should be one of orderly and 
cooperative action that gets the job done 
in a way that will protect human health 
and the environment and minimize cost 
and disruption . 

Fifth , wherever possible our actions 
should be technology-forcing. We need 
strong incentives for the development 
and use of substitute chemicals that are 
both acceptable to industry and 
consumers . yet benign to human health 
and the environment. 

Finally , we must devise so lutions that 
are equ itable to all nations., including 
our own. The United States has led the 
way in regulating CFCs , but we cannot 
solve international environmental 
problems alone. All nation s and their 
industries should help shoulder the 
economic burdens of protecting the 
global environment. 

Dealing with global environmental 
problems like ozone depl etion and 
greenhouse warming will be one of thi s 
Agency's most difficult challenges in 
the years ahead . I believe we are well on 
our way to establishing the international 
framework of scientific research and 
cooperative actions that will be critical 
to our success . D 

'.l 



Sreve Detane, 

The recent discoverv that an "ozone 
hole" has develop~d over Antarctica 

has once again focused public attention 
and concern on this critical 
component of the earth's atmosphere . 
Based on extensive measurements from 
both ground- and satellite-based 
instruments, we can state with certainty 
that very large decreases in ozone have 
occurred above Antarctica over the past 
decade during th e months of September 
through mid-November. Ozone is the 
key atmospheric gas whi ch shields 
us-ancl all other biologi ca l 
spec ies- against damaging solar 
ultraviolet radiation . While the causes 
of th e massive seasonal loss of ozone 
over Antarctica are not vet fullv 
und erstood. and its impli catioi;s for the 
ozon e !aver above th e rest of the earth 
are a lso un certain (see box on page 6). 
there can be no doubt that the gases 
released from certain human activities 
are threatening th e integrity of thi s 
protective ozone layer . 
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The Role of Ozone 
Unlike the abundant atmospheric gases 
oxygen and nitrogen , ozone (03 ) 

represents only a tiny fraction of the 
total atmosphere, with an average global 
concentration of about 300 parts per 
billion in volume {300ppbv). If all of the 
ozone were compressed into a band of 
pure gas, the layer around the earth 
would be onlv three millim eters thick. 

Despite its limited quantity, ozone 
plays a critical role in absorbing 
incoming solar radi ation . The sun gives 
off radiation across a broad spectrum. 
The light detectable by the human eye 
covers the range from approximately 
400 to 700 nanometers in wavelength, 
or from violet to red in color. Much of 
the "near" ultraviolet radi ation (320-400 
nanometers) also reaches the ground 
and can be tol era ted by biological 
species at the surface. In contrast. the 
adjacent segment of the ultraviolet 
spectrum (UV-B, 290-320 nanometers) 
has been shown to be biologically 
damaging. Fortunately, most of this 
radiation is absorbed by ozone high in 
the earth's atmosphere. However, some 
does penetrate to the earth's surface, 

with larger quantities of UV-B near the 
Equator than at the poles . Thi s natured 
variation in exposure to UV-B provid es 
a real-life experimental setting which 
has supplied ample evidence of the 
potential damage from UV-B radiation 
to human health (e .g. skin cancer) and 
to the environment. 

Complex natural forces are 
continuall y at work creating and 
destroying ozone in th e atmosphert!. 
This dynam ic equilibrium inrnlves first 
the breakdown of individuil l mol1 icu lcs 
of oxygen (Ol ) into a tomi c oxyg1i11 (0) 
through its absorption of ultra\·i olt?t 
radi ation . In tum , eilch atomic oxvg1?11 
normall y combines with an addi ti onal 
mol ecu le of 0 , tu form ozonr O ,. 
Des tru ction of ozoiw can lw cuus1icl Ii\· 
the occasional recombi nat ion of ozon;, 
with atomi c oxygen tu form two 
molecules of di atomi c oxygen. As long 
as the earth 's sunlit atmosphert: 
contains molecular oxygen. as it has for 
more than one billion years , ozone will 
be maintained in thi s dynam ic balance 
between formation and destruction . Thi s 
balance can be altered, however, bv the 
introduction into the atmosphere of 
additional ozone destroyi ng chemicals. 
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which shift the equilibrium toward 
smaller average concentrations of ozone. 
1974 saw the fir st suggestion that a 
group of chemicals known as 
chlorofluorocarbons , or CFCs. could be 
a major avenue for adding chlorine to 
the atmosphere and disturbing the 
ozone balance. 

CFC's were first developed by 
General Motors in the 1930s, after a 
deliberate search for an ammonia 
substitute in refrigeration uses. The 
results of this search produced a family 
of chemicals with properties ideal for 
many applications beyond refri geration. 
Chemicallv inert, nontoxic, and easilv 
liquified, CFCs are now used in air -
conditioning, packaging, and insulation, 
as a solvent for cleaning electronic 
circuit boards , and as aerosol 
propellants. 

It is this very absence of chemical 
reactivity that makes CFCs so dangerous 
to the ozone layer. Unlike less inert 
compounds. CFCs are not destroyed or 
removed in the lower atmosphere by 
rainout, oxidation, or sunlight. Instead. 
they drift into the upper atmosphere 
where their chlorine components 
are released into th1~ atmosphere 
under th e effects of ultra\'iolet 
radi ation, and where the\' encounter 
and destro\' ozone. Alm ~st all of 
th cst i freed- chlorin e at oms find 
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and react with the ozon e in onP to two 
seconds, creating chlorine oxid1· as a 
by-product. In a subsequent re,H:lio11, 
the chlorine oxide releases its ox\'gt•11 
atom to form molecular oxygen. and IIH' 
chlorine atom is freed once again to 
repeat the process of destroying ozone. 
Through thi s continuing cyr.le of 
reactions, each chlorine atom acts as a 
catalyst destroying about 100.000 
molecules of ozone before th e chain 
reaction is permanently ended. The 
atmospheric lifetimes for tlw most 
commonly used CFC compounds 
(CFC-11, CFC-12, and CFC-13). in fact. 
have been estimated to be from 75 to 
110 years. 

The chemistry of the atmosphere is 
far more complicated than just thes1~ 
simple reactions involving chlorine . 
Current atmospheric models requini 
more than 160 chemical reactions to 
simulate observed chemical features i11 
the atmosphere. Despite this 
complexity, however. a clear link exists 
between the introdu ct ion of chlorint! 
from CFCs and th e destruction of ozo11t i 
in the upper atmosphere. 

Because the widespread use of CFCs 
by industry and consumers is 
essentially a post-1970 phti11om1·i11011. 
with yearly releases sincf' 1974 
approaching one million tons 
worldwide. the obsen·ed atmosph1·ri < 
concentrations of all thrnP major CFCs 
have risen sharply . Tlw "natural " l1 i\·e l of 
chlorine in th e atmosplwn! bdoni 191Jll 
is believed to have bern about O.li ppll\·. 
almost entireh· from metlwl chloridti . 
Tht: present chlorine len:i' is 
about 3.5 ppbv, and is increasing by 
more than 1.0 ppbv per decade. Tht· 
excellent correlation between the 
increase in atmospheric chlorine and 
the ozone losses during the Antarctic: 
spring (see box) provides strong 
circumstantial evidence that CFCs arc 
involved in thi s process. 

Continued to next pog1~ 
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Safeguarding Our Atmosphere 
CFCs have a long record as very useful 
chemica ls , contributing across a broad 
range of produ cts to our current 
standard of li\·ing. At the same time, 
they present a grave environmental risk 
which can seriouslv affect the basic 
conditions of life for both current and 
future generations. The risks from ozone 
depl etion have been described in 

th e CFCs as possessing severe potential 
for ozone depletion . Despite this 
growing scientifi c record against CFCs , 
world use continues to increase as more 
and more nations seek to improve their 
living standards using CFC-based 
products . 

Industrv's search for less harmful 
chemicals a half century ago led to th e 
discovery of the current family of CFCs , 
and that same kind of ingenuity must 
now be harnessed to find new solutions. 
For example , hydrogen-containing 
CFC-22 has long been in major use in 
home air conditioners and represents a 
much lesser threat to stratospheric 

reports from the National Academy of 
Sciences since 1976 and include not only 
the increased UV-B effect on humans in 
the form of skin cancer, but also UY-B 
attack on many other biological systems. 

Over a decade of research has 
substantially improved our 
understanding of all aspects of the 
ozone layer. All of the evidence 
produced to dat e continues to implicate 

ozone because the molecule is strongly 
susceptible toward oxidation in the 
lower atmosphere. Further, past 
research by several companies has 
already led to a number of patents on 
Fluorocarbon-134a. which has many of 
the same industrial properties found in 

The Ozone Hole Over Antarctica 

lone culprit, or do they act in 
combination with other chemicals 
or conditions? 

As part of the search for 
scientific clues, an urgent research 
effort was quickly put together, 
and four different U.S . scientific 
teams were sent to Antarctica in 
1986 to gather more extensive 
measurements of ozone and other 
chemical compounds as the ozone 
hole reappeared during September. 
This expedition was very 
successful. and the scientist s held 
a live press conference from the 
McMurdo station in Antarctica in 
late October. They reported that 
evidence produced to date was 
inconsistent with proposed 

CFC-12. This compound has a ne~li~ible 
potential for ozon e dep leti on becm1s1! it 
does not contain chlorirw. but is not yet 
in large-scale manufacture . 
Alternatively. industries can begi n to 
design closed industrial processes with 
recyc ling which could dramatically 
reduce emissions by using th ese 
potentiall y harmful chemicals more 
efficientl y. 

Research into reduci ng the global use 
of CFCs cannot wait for the final 
definitive answers from the scientific 
community. Because of the very long 
atmospheric lifetimes of CFCs , an y 
damage done to the atmosphere will 
persist throughout the entire 21st 
century and on into the 22nd . The costs 
of moving expeditiously away from 
these suspect chemicals is a very small 
price compared to th e large pot en tial 
damages if we fail to act now. D 

In May 1985. scientists from the 
British Antarctic Survey 

published data which have sent 
shock waves throughout the 
scientific community. These data 
showed that a 40 percent loss in 
total ozone has occurred since the 
1960s over Halley Bay, Antarctica , 
during September to 
mid-November. These findings 
were totally unpredicted and 
unexpected . No such losses had 
previously been reported , either 
from ground-based instruments in 
operation since 1957 or from the 
extensive satellite measurements 
initiated in the 1970s. However, 
both U.S. and Japanese scientists 
quickly began sorting through their 
data sets and have confirmed that 
this phenomenon in Antarctica is 
indeed real. 

With the existence of the ozone 
hol e no\...,. th oroughly established , 
th e research communitv has 
quickl y come forth with a variety 
of possible explanations. Was the 
phenomenon part of a natural 

theori es linking the ozone hole to 
solar activity or solely to 
meteorological forces. While 
stating that a chemical cause of the 
ozone hole was likely. th ey 
stopped short of pointing the 
finger at CFCs. Since their return 
to the United States , more detailed 
analyses of the data have been 
possible and have begun to appear. 
In addition , precision studies of 
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cycle linked to solar activity? Was 
it caused by meteorological 
conditions specific to the region? 
Why did the existing atmospheric 
models fail to simulate such 
losses? Are chlorine chemistry and 
chlorofluorocarbons (CFCs) the 

the Antarctic phenomenon will 
continue for several years or more , 
seeking quantitative interpretations 
of all of the data. 
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Skin Cancer: 
The Price for 
a Depleted Ozone Layer 
by Medwin M. Mintzis, MD 

Skin cancer has reached epidemic 
proportions in the United States. It is 

the most common of all ca ncers. 
affecting one out of seven Americans. 
One-third of all new cancers affect the 
skin : upward s of a half million nev,· 
cases are treated each year. This is a 30 
percent increase in just 10 years. 

The chief culprit in causing this sharp 
increase seems to be the sun, rather 
than chemicals and X-rays, and 
depletion of the stratospheric ozone 
layer would dramatically exacerbate this 
disquieting trend in the years ahead. 

The ozone layer screens out much of 
the harmful ultraviolet Blight (UV-B) 
from the sun and prevents it from 
reaching the earth ·s surface. But when 
the ozone layer is depleted, even a one 
percent increase in UV-B would result 
in a two percent increase in the number 
of skin cancers. According to a new 
EPA study , the number of cases of skin 
cancer in the next 88 years would total 
40 million. with as many as 800,000 
deaths if the current trends in use of 
ozone-depleting chemicals continues. 

Skin cancer types are usually 
categorized in term s of melanon1il and 
non-m elanoma . The most dangerous 
form of skin cancer is malignant 
melanoma. whi ch arises in the 
pigment-formin g cells (melanocytes). 
When a melanoma reaches a certain 
thi ckn ess. it spreads rapidly to tlw \'ital 
orgam of th e bod ~·-

ln Hl8fi . 23 .000 Americans will bt! 
diagnosed as having malignant 
melanoma. and another b.000 will die of 
its effects. An individual's lifetime risk 
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for melanoma has soared by 1.000 
percent since the 1930s. Currently. one 
in 150 Americans is expected to 
develop the disease. 

Non-melanoma skin cancers-mainly 
basal cell and squamous cell 
carcinomas-affect the skin's surface 
cells . Though often considered 
"harmless" annoyances , such cancers 
are far from trivial in their advanced 
forms. They can result in great 
disfigurement-the loss of an eye. ear. 
lip , or nose. And close to 2.000 
Americans will die th is year because of 

In 1986, 23,000 Americans will 
be diagnosed as having 
malignant melanoma, and 
another 6,000 will die of its 
effects. 

non-melanoma cancers that spread-or 
metastasize- throughout the body. 

This human devastation need not 
occur. These cancers am largely 
preventable. No one should die of skin 
cancer. The warning signs are there for 
us to see. When recogn ized early and 
treated promptly. skin cancer is 100 
percent curable. 

The connection between skin cancer 
and excessive exposure to the sun's 
damaging rays has bee n cfoarly 
established. In the case of 
non-melanoma skin cancer. the link is 
direct. \-\'ith malignant melanoma. 
exposure to ultra\'iolt~t light is a 
causative factor, although it s precist! 
role is not well understood at this time. 
Other factors such as chemical 
carcinogens. oncologic viruses. and 
genetics may also be involved. 

The incidence of non-melanoma skin 
cancer among the white population in 
the United States increases as one 

travels from North to South (that is, 
closer to the Equator where th e daily 
hours of sunlight are greatest). Studies 
in Europe and Australia indicate similar 
patterns . The number of cases of skin 
cancer doubles with every eight degrees 
latitude nearer the Equator. 

Altitude is also a factor. At greater 
heights, more UV-B light penetrates the 
thinner atmosphere . The highest rates of 
skin cancer incidence in the United 
States have been found in Albuquerqu e. 
New Mexico , which has both a low 
latitude and a high altitude. 

Over 90 percent of all skin cancers 
occur on those parts of the body 
normally unprotected by clothing- the 
face, ears , neck, and backs of the hand. 
Protruding lower lips. lower eyelids, 
and ear rims are particularly vulnerable 
sites . 

In temperate zones. people who spend 
a great deal of their time 
outdoors-fi shermen. farmers, sailors, 
construction workers, athletes . for 
example-are the more likely candidates 
for skin cancer. 

Of course, the darker a person's skin. 
the less likely he or she is to get skin 
cancer. Blacks and Hispanics are seldom 
affected: their highly pigmented skin 
(containing more melanin) is a natural 
sunblock . Overall. fewer women than 
men develop basal and squamous cell 
carcinomas. But among younger peopl e. 
women develop the diseasP almost as 
frequently as men. 

The sexes differ somewhat in terms of 
where skin cancer occurs. Men 
frequ ently develop skin tumors 011 th e 
tips of th e ears and 011 the scalp. areas 
unwittingly exposed to sunlight l.iy the 
balding process. On the other hand , 
women get more cancers 011 the lower 
legs-exposed when they wear skirts or 
dresses-then men. (One may wonder 
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whether current styles of dress will 
affect the locations of skin cancers in 
the future.) 

Another interesting confirmation of 
th e Cilncer-causing pm-ver of sunlight is 
that in th e U.S.. skin cancer is found 
more often on the left side of the face 
and arms of men drivers. but in Britain. 
it typically occurs on the right side of 
the face. This corresponds to the 
opposite driving sides in force in th e 
two countries and the amounts of 
sunlight coming through the open car 
windov.-s . 

Unlike basal and squamous cell 
carcinoma. melanoma is thought to be 
related more to intermittent. but intense. 
bursts of sunlight. than to the total 
amount of sunlight received over a 
lifetime. Recent evidence suggests that 
getting one or more severe 
sunburns-particularly as a child or a 
teenager- may increase a person's 
poten ti al chance of getting melanomc1. 

As with the other skin cancers, 
m alignant melanoma occurs most often 
in fair-skinned individuals. Caucasians 
are affected 10 times more often than 
blacks. Interestingly. the incidence of 
melanoma on blacks' non-pigmented 
skin (the palms of the hands and tht! 
soles of tlw feet) is identical to those 
area s in whites. 

Studies of tlw influence of latitude on 
skin cancer in Caucasians reveal. on cP 
again. an in creased incidence of 
melanoma closer to the Equator. One 
study found a connection between the 
rise of me lanoma cases in 
Scandinavians and th e number of cheap 
charter flights to the south of Spain. 
Other research has linked the rise in 
women's hemlines to the development 
of more melanomas on their legs. On 
the other hand . melanomas appear more 
frequ ently on the chests and backs of 
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Ozone Depletion: Other Health Effects 

The link between ultraviolet 
radiation (UV-B) from the sun's 

ra ys and certain skin cancers is 
well known. As concern has grown 
release of the science assessment 
hy NASA and the World 
Meteorological Organization on 
stratospheric ozone was an 
important event with regard to our 
own continuing evaluation process . 

Laboratory evidence am! case 
studies demonstrate that exposure 
to UV-B can harm our immun1· 
systems . This finding developed 
almost inadvertentlv. Researchers 
trying to tran splant ·a skin cancer 
from one laborat ory mouse to 
another found that the cancer 
would not grow follov.-ing 
transplant. Hm-vever. the scientists 
found that if they irradiated the 
second mouse before transplanting 
the tumor, it would take hold and 
spread. This surprising discovery 
suggested that UV-B radiation was 
interfering with the mouse's 
immune system. 

Although we do not understand 

the exact mechanism bv which 
UV-B suppresses the i~mune 
system, further experiments 
suggest that the impli cations may 
extend well beyond skin cancer. 
Increases in UV-B from ozone 
depletion may increase the 
frequ ency of herpes outbreaks. 
Leishmaniasis . a disfiguring 
disease caused by parasi tes which 
is widespread in the tropics , ma)' 
spread more rapid)), and heal more 
slowly. Other diseases may also lw 
affected. 

Because the human eye is 
sensitive to sunlight. w~ 
involuntarily blink when we look 
at th e sun. This instinct may be 
quite protective; laboratory ~nd 
epidemiological studies show that 
UV-B is a major cause of cataracts. 
Cataracts are treatabl e when caught 
early, but even in the United 
States they remain th e third 
leading cause of blindness. In 
developing countries. they are an 
even greater cause of blindness. 

.EPA JOURNAL 



men than they do in women. The 
protection against ultraviolet rays 
provided by different kinds of clothing 
seems to be a factor. 

However , most skin cancers can be 
prevented if peopl e choose to use a few 
simple precautions that will minimize 
the sun 's impact on their skin . 

In the past , avoiding overex posure to 
sunlight involved using cosmetically 
unacceptable opaqu e barri ers or, even 
worse, resigning oneself to an indoor 
life style-unacceptable for most peop le. 
Today's sunscreen products , developed 
within the last 10 years, are both 
effective and cosmetically pleasing. The 
typical number 15 sunscreen allows for 
exposure up to 15 times a person 's 
ordinary tolerance to skin reddening. 

In addition to regular sunscreen use , a 
very effective measure is limiting one's 
time outdoors during the hours of the 
sun's peak intensity (10 a.m . to 2 p.m. 
Standard Time or 11 a.m. to 3 p .m. 
during Daylight Saving Time.) Hats , 
umbrellas, long pants and sleeves, and 
tightl y woven fabrics are all helpful. 
These and other simple steps 
will allow peopl e to protect 
themse lves from skin cancer 
whil e enjoying thei r time outdoors . 

Protection from the sun should be 
practiced from the earliest stages of 
one's life. All those responsible for the 
well-being of chi ldren and young 
people-pa ren ts. rela tives, teachers. 
babys itters, camp directors , scout 
leaders, Little League coaches-have a 
critical rol e to pl ay in minimizing 
harmful exposure to the sun's strongest 
rays. 

But for adults with yea rs of chronic, 
heavy sun exposure, preventing steps 
may come too late . For this reason, the 
second major thrust in the war against 
skin cancer is early detection. In 

DECEMBER 1986 

------------

Australia, where a national education 
campaign against skin cancer was 
implemented, the debilitating and 
sometimes lethal effects of skin cancer 
have been greatly reduced because of 
widespread public awareness of what 
warning signs to look for. 

The connection between skin 
cancer and excessil'c cxposuni 
to the sun's dama~ing rays has 
been clearl_r established. 

The most common warning sign of an 
early basal cell carcinoma is a 
non-healing sore that remains open for 
several weeks or more . It also frequently 
resembles a pearly bump. which may 
eventually develop an ulcer in the 
middle. At first it may look like a 
pimple, but unlike a pimple , it does not 
go away. Sometimes, it appears as a 
reddish patch or even a sca r-like area. 
Squamous cell carcinoma , which has 
somewhat similar warning signs, 
usuall y appears red and scaly from the 
start. In time it too may ulcerate in the 
center. 

Malignant melanoma may start in a 
pre-existing mole or birthmark, or it 
may develop as a new bl emi sh . 
Melanomas have four di stinct 
characteristi cs in contrast to common 
(benign) moles: 

Asymmetry. Some form s of early 
malignant melanoma are asymmetrical, 
meaning that a line drawn through the 
middle will not create matching halves. 
Common moles are round and 
symmetrical. 

Border. The borders are frequently 
uneven, often containing scalloped or 
notched edges. Common moles have 
smooth , even borders. 

Color. Different shades of brown or 
black are often the first sign of a 
malignant melanoma. Common moles 

usually have a single shade of brown . 

Diameter. Common moles are usually 
less than 6 mm. in diameter( ¼"). the 
size of a pencil eraser. Early melanomas 
tend to be larger than 6 mm. 

In addition, melanomas can appear 
flat on the skin as well as raised . Th e,· 
may also bleed easil y. • 

Itching, pain . or other discomfort is 
rare with skin tumors. whi ch in part 
explai ns why so man y peopl e ignore 
them or delay seeking help. 

When detected early. non-melanoma 
skin cancers are successfully treated 
with one of several surgica l techniqu es. 
and less often with freezing of tissu e or 
with radiation therapy . More 
complicated cases are best treated with 
microscopically controlled surgery 
(MOHS surgery). a technique in whi ch 
each layer of tissue in the removal 
process is microscopicall y checked for 
malignancy. 

Malignant melanoma is usually 
treated by aggressive and extensive local 
surgery. If , however , it has spread 
beyond the skin. chemotherapy and /or 
immunotherapy may be used . although 
with limited success. Newer 
experimental immunotherapies such as 
interleukin-2 and interferon have shown 
some promise in initial trial s in pati ents 
with advanced melanoma. Th eir 
long-term effectiveness has vet to be 
shown . • 

But with skin ca ncers. as with most 
diseases. the best treatment is 
prevention. And that mea ns avoiding 
the harmful effects of sunlight. 0 
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Ozone Protection: 
The Need for 
a Global Solution 
by Richard Barnett 

The potential for ozone depletion and 
climute change am real 

em·ironnwntal concerns . There is amplt! 
timP to de\·elop effecti\'l' solutions to 
address these concerns. but thp~· will 
requin• a global focu s and th, • 
cooperative efforts of industr\ and 
government . 

Although many substanr.es arP 
thought to r.ontributt' to ozont• depiction 
and climate changt!. attention has 
focused primarih· 011 a famil\' of 
syntheti<. clwmicals kno\\'11 as 
chlorofluorocarbons . or CFCs. A 
balanced approc1ch to these substances 
is necessary in order to preserve their 
valuable uses v,hile limiting any 
long-t erm potential for erl\'ironmen tal 
damage. 

CFCs were first developed in 1931 as 
a result of an intensi\'e research effort to 
identify an efficient. safe refrigern nt for 
hom P US P. Th P\' ha\·e come to bl! used 
in a wide vari~t\· of additional 
applications. th i~ most notable of which 
are air-condi ti oning. the manufacture of 
foam product s. and as a cleaning 
sol\'ent for the elec troni cs industn·. The 
use of CFCs has become widespre~d 
because of th eir mc1nv des irablt! 
properties. They are ~011-flammabl1· . 
non-carcirwgt!nic. non-corrosi\·e . ha\'li 
lo\\' toxicity. and are ex tremely energy 
efficient . 

The contribu tion of these substanuis 
to workn sufol\· and consumer hea lth 
is substantial. i "ht · annual \'alue of 
goods and services whi ch depend to ,1 

varying exlt!nt upon CFCs exceeds $2B 
billion . and more than 780.000 full-tinw 
jobs are related to CFC uses in the 
United States. 

//lornl'tt st ·n-t '., os tl1t · Clwirmrrn of 
ti lt' A//ionrT Im H1·spons ib/1 · CFC l'ul ic _1 · 
and is !h t• \'i ct · l'rl's idr·nt and C1·nl'ru! 
Murwgf'r of 11 11' C1·11trnl fm·ironrnentrd 
Syst1 ·m!-> Di1·isio11 o.f Yo1l Jntr ·rr wtio1w/. 
u /urgf' oir co11ditio1w1 monu(udurcr 
bu s1 ·d in YorJ... . PA T/w A//ianu· 
repre!-> t'll fs th1· intncs ts of users and 
produ cers o.f CFCs J 
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It is in cumbent on us. nevertheless. to 
examine these substances and their 
potential for harm ing the environment 
in the long-term future. Hm,ve\'er. V.'l! 

shou ld not rush int o short-term 
regulatory decisions that could result in 
the use of alt ernatives that present 
immediate threa ts to worker and 
consumer Silfel\· and offer littlt! or 110 
theoretical e1wiro11mcntal benef it. 111 
thi s case. it appears that the penaltit·s of 
premature regulati on co uld bti real in 
terms of an immr:d ialt · inc:rP.ilSt' in 
exposure to more toxi L substances or 
increased ent:rg\· consump tion . 

The Alli ance for Responsible CFC 
Policy was organized six years ago to 
represent the interes ts of users c1nd 
producers of CFCs. Alliance mem bers 
established some basic goals with regard 
to the ozone depleti on theory. CFC 
usage. and poten ti al go\'ernmen t 
poli cies. 

First , it wc1s ou r desire to encourage 
the pursuit of adequa te credible 
scientifi c research on thi s important 

S rll)I( /II Pdt1rh 1, 1 1:11,: ,, • '·., 

/iJ... t· !ht ·sr · fu u111 t :.:. 1 .:· :, , • ,., 
0(!1 ·11 Cl rt prt 1d1 1< t ti 11,111. 

ch/orof/u un•< uil1 ri11, ( I ( , 11·, ,, • 11 

in n ·friµ f'Wl!1 1, 1111 1,1:11I :, 

out o111C1hi/1 ·,. u11 d , I, u11111 

environmental issue. and th en to ensurt: 
that an y government poli cy 61· bas1!d 011 
the best and most current scient ifi<. 
information . 

Second . it was our goal lo encour.igt· 
effort s to resolve thi s issut· in the 
international arena becaust• of its global 
scope and to prevent any unproduLtin ·. 
harmful. unwarra nt ed u11il.1tn.1l 
domesti c regulatory progr.1111 tlwt \\'ou lrl 
injure U.S. indu stn· to tlw bt indit of our 
international comp.etition . 

Third. it Wil!-> our goa l to s1:t!l-­
am1!ndment s to tlw Clt •, 111 ,\ir ,\ ct th.11 
would pro\·i dc· greil ft •r i11tcriwtio11.1I 
emphasis on this issut! . and give btitlt'r 
guidance to the EPA Administrator 
regarding stratosph eri c ozone protection 
activities and the need for regul ati on. 

In the six years that have gone b~·. \\' f ! 

feel that much has bec11 c1 ccomp lislwcl 
to obtain our goals , but WP btdi e\'t! th<1t 
mu ch rema ins to bP dorw . 

The Uni ted Stc1tes ,rnd nti.ln\' other 
countr ies developed scientifi ~ prugrnms 
to und ers tand the: ozonr! la~•er and th e 
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JHCH PS~ t·~ th at t ontro l it. J>rar t ic.alh· all 
W t' know about tlw stratosphcn· h,i~ 
been leanwd in tlw last 10-15 vears . 
FurthPrm on·. intensin' progra111s to 
study climiltl' anrl possible modifica ti ons 
are con tinuing. 

Although th P scientifi c scrutinv has 
provided considerable information . 
some of it con fl icting. it has al so 
highlighll~d the many con tinuing 
scientifi c uncerta inties . We beli eve the 
scientifi c research must continue. 

Additi onal ly, the Allian ce has been 
an active parti c ipant in efforts to 
promote greater int ernational 
cooperation . as exemplifi ed by our 
support for th e Vienna Convention for 
Prot ection of the Ozone Laver, and our 
partic ipati on in such dom~stic and 
international efforts to add ress ozone 
protecti on issu es as thP recentlv 
concluded seri es of workshops · 
sponsored bv EPA and the United 
Nation s Env.ironmenl Programme 
(UNEP). Given the enormous 
complexities of the issue. 
progress-from th e scientifi c and 
international policy deve lopment 
perspecti\'es-has been remarkabl e. 

In 1980 . thP Allian ce urged that at 
least three to fiv e vears were necessarv 
to a ll ow scien tific .research to gather • 
critical monitoring in fo rmati on 
regarding the projections bei ng mad e by 
computer models. Therefore. the 1986 
release of the NASA/\'VMO science 
assessment on stratospheric ozone was 
an important event with regard to our 
own continuing evaluation process. 

In general. the Alliance does not 
believe that the sc ien tifi c information 
demonstrates any actual ri sk from 
current CFC use or emissions. We 
recogni ze. howe\'er. the growing 
concern for pot ential ozone depletion 
and c limate changP in the future as a 
result of large continuing growth of CFC 
emiss ion s and the buildup of many 
other trace gases in th e atmosphere. and 
th e concern genera ted b\' the di scoven · 
of unexplained phenomena such as th-e 
large reductions in ozone leve ls during 
th e Antarcti c spring. 

Scientifi c: progress is not sufficient!\' 
developed to tell us that th ere is no risk 
in the future. In fac t, all of the comput er 
models calcul ate th at large futun i 
gro\ .. ·th in CFC emissions mnv 
contribute to significa nt ozone depl etion 
in the latter half of th e next century. 

Therefore , we support furth er 
scientifi c research and believe that 
regulatory policies should be 
periodically reexa mined in the light of 
additional research findings . 

On the basis of curren t information , 
we be li eve that large future increases in 
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1 The Saga of Spray Cans 

Most peopl e probab l~- assoc iate 
ozonP depletion with aerosol 

spray cans. They remember back to 
the mid -1970s when public 
concern pea ked that the chemi cals 
given off b~· hair sprays, underarm 
deodorants. and shaving crea ms 
would deplete tlw earth 's 
protecti ve ozone shield . leading to 
increases in skin can cers. Front 
page stories. editorials. and 
politi ca l cartoons decryi ng the use 
of aerosol s were widespread . Even 
Archie Bunker 's son-in -law , 
Michael. in an episode of A/l In The 
Family, berated hi s wife Gloria 
about her continued use of this 
threat to our well-being. 

A deca de lat er. consumers in the 
United States can go into stores 
and purchase the same personal 
produ cts without concern for thei r 
effects on ozone depl etion . 

In fa ct. it was not the aerosols 
themselves, but the ir use of 
chlorofluorocarbon s (CFCs ) as the 
propellan t which raised concern. 
Most aerosols contain a statement 
that they "contain no 
fluoroca rbons." Manufacturers 
have reformulated their products 
to use a hydrocarbon propellant 
system which is safe to the ozone 
layer. 

In response to sc ientifi c 
eviden ce and publi c concern , EPA 
moved to ban CFCs in nonessential 
aerosols in 1978. But , even before 
then , the public and manufacturers 
had shifted rapidly away from 
these perceived dangerous 
products . In 1974. CFCs in 

fully haloge nat ed CFCs (the most 
durabl e ones. though t to con tribut e most 
to ozone depletion) would be 
unaccep tab le to future ge nerations. In 
our view. it would be inconsist ent with 
the goal s of the CFC Alliance to ignore 
the pot en ti al for ri sk to th ose future 
generations. 

In furth erance of thi s posi ti on. th e 
Alliance recent!\ issued a policy 
statemen t which includ ed support for a 
negotiated global limit on the future rate 
of growth of fully haloge nated CFC 
production capacity: the development of 
voluntary programs by industries to 
conserve CFCs and reduce CFC 
emissions; and the continuation of 
research to develop acceptabl e 
substitutes for the full y ha logenated 
CFCs . 

aerosols accounted for over half of 
total consumption: by 1978. thi s 
use constituted less than fi ve 
percent . Moreover. consumers s till 
had access to quality aerosol 
produ cts which , in fa ct. wert! less 
expensive to manufac ture than 
their CFC-propelled cou nte rparts. 

By taking action to red uce CFC 
use in aerosols. the United Stat es 
and several other nat ions whi ch 
followed suit effectively bought a 
low-cost insurance pol icy. 
providing time during whi ch 
scientific efforts cou Id focus on 
resolving some of the remai ning 
uncertainti es. But. although thi s 
action granted some needed 
breathing room by reducing the 
rate of growth of CFCs in the 
atmosphere for almost a decade. 
that reprieve is over: CFC use has 
rebound ed to match the pea k 
amounts of 10 yea rs ago . Thi s fact. 
coupl ed with the recent di scovery 
of the ozone "hole" over 
Antarcti ca, has renewed tht! 
scientifi c and the publi c attention 
to this issue . 

- -, 

Th is poli cy is significa nt beca use it 
elim inates the " \-v orst casp" scenarios 
being discussed: fosters a con t i mwd 
inte rnati onal cooperati ,·e s pirit : 
recognizes the value of CFCs to prt!Sl! nl 
day health. safe!\·. and eco norni c. 
concerns of workers and c:011sunwrs: 
and will pro\'id e sonw stim ulus for tlw 
developm en t of CFC alte rrwtiv1!s. 

Th e us ing and produ cin g industrit:s of 
the CFC Alli ance art· commi tt ed tu 
being active participants in tlw 
explorati on and the su ccessful 
resolution of these serious 
environmental issues: in the promoti on 
of great er global cooperation in 
conducting the necessa ry scientifi c 
research and monitoring: and in 
developing coordinated , effective and 
equitabl e global policy decisions . D 
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The greenhouse effect has caught the 
. imagination of th e general populace 
m the last decade, and the respected. 
generally conserva tive scien tific 
establishmen t has become associated 
with rela tively dire predi ction s of futuni 
climate ch ange. Ho\\' mu ch is acluiillv 
known about th e greenhouse cffocF Can 
w e really establish ho\\' climate ,,._·i ll 
ch_ange, and \\'hen ., By separnting "hard" 
sc1encP.-that which can be verifit~d and 
is considered well und erstood- from 
scientifi c th1ior\" or estimal!: wti can 
inves tigate hO\~- like!\" a rwar-t erm 
alterntion in clima lt• ·reil lh· is. Wt: 
expl ore_ th is subjec t throu.gh responses 
to a series of quest ions . 

// ,, I • ... t1: 11 · ··, , .... 1,!1 • ; 11 " ' it nt, "' t ul 
ti I /, •. • .. : :-i, , /, 1 .'-i llld/l 'S ( ,1,tl i/, 11 d 

' /I..:: ( 1 r)!•' \ d i ll l /U/ 

:\•' ' • ~;, I : \ c/iJIJ l / 1' f;d/ill / 1 

11, r· 1: /, .• :_; .. _ 1, ,, u1, /, , : , , 11 u· 1•11 h r,f 
t/i, L'I• : I :.,, I •",11\ 11' O fl ilfJ~ )'/!f'1i1 
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Do we really 
understand the "greenhouse" 
effect? 

The greenhouse effect is the name for 
the physi ca l process where energv from 
the sun passes through th e atmos-phere 
relatively free ly , whil e hea l radiating 
from th e earth is absorbed by particular 
gases in the atmosphere. Although a fevv 
uncertainti es remain . we can generally 
calculate very accurately th e radiatior; 
absorption by different gases. When the 
concentration of a gas changes, we 
know how mu ch more energ~• is being 
absorbed. Thi s additional absorption U\' 
itself warms the planet: for example. -
doubling the concentration of carbon 
dioxide in the atmosphere would 
eventually lead to an increase of the 
global air temperature by 1.2°C, without 
any other changes in the climate system . 
What we do not know , however, is how 
the rest of the system will react. Current 
~odels predict that the warming du e to 
increased carbon dioxid e will also 
increase the evaporation of water vapor 
from the ocea n ; beca use water vapor is 

itself a greenhouse gas , thi s will warm 
the planet further. In addition. as more 
sn_ow and ice melt in th e warming 
climate less energy from the sun will be 
reflected back to space (snow and ic:e 
are very good reflectors) which 
promotes furth er warming. These an: 
examples of "posi tive feedbacks ." and 
both of these system response~ arc ven· 
likely to occur , although we cannot 01 :' 
sure of the magnitude of the changtis . 
The models also predict that c loud 
cover will change in such a way as tu 
cause even more warming. ClouJs am 
not yet we ll understooJ . and th e 
predicted changes are ve ry uncertain . 
But the net result of th ese differen t 
processes in the models is to amplify 
the direct doubled CO2 warming by· 
"!ore than a facto~ of three , producing a 
4 C temperature nse. Yet it is only the 
initial greenhouse effect due to 
increased CO2, or increases in other 
trace gases, which we know with great 
confidence. 
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Can we use the 
temperatures on other 
planets to determine what 
the feedbacks of the system 
will be? 

The atmospheres of other nearby planet s 
validate the general concept of the 
greenhouse theory . especially in a 
qualitati ve sense, but they cannot te ll us 
what th e magnitude of the changes on 
earth will be. Venus . with a massive 
atmosphere composed essential!~· of 
carbon dioxide, has a surface air 
temperature almost 500°C warmer than 
would be expected without a 
greenhou se effect. Mars , with a very 
thin atmosphere and thus littl e 
greenhouse capacity, has an observed 
temperature close to the expected: and 
Earth , with intermediate amounts of 
greenh ouse gases. is about 30°C \.\'arrner 
than it would be otherwise . The 
differen ces among the planets are very 
large , and cannot really be used to 
estimate sensitivity to small changes in 
greenhouse capacity . Furthermore. as 
noted abo\'e , the big uncertain ty lies in 
the magnitude of the system response. 
or its '·feedbacks"- th e most important 
feedbacks all invol\'e the reaction of 
processes havi ng to do with water, and 
the other planets have no freestanding 
water. 

Are greenhouse 
gases increasing? 

An atmospheric monitoring system 
established in 1958 has measured 
systematically increasing concentrati ons 
of carbon dioxide over th e last 28 year!->. 
We also be lie\·e that concent ration s 
have increased since th e turn of tlw 
century, although we are less certain 
about the magnitude of that change. 
Chlorofluorocarbons are artificially 
generated gast!S with greenhouse 
capacity ,,vhich are known to be 
increasing: they have no natural 
sources. and probably did not exist in 
the atmosphere prior to the last fe\\' 
decades. Recen t measuremen ts indicate 
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that other grnPnhousp grist's . such a!-> 
m ethane and nitrous oxide, also arl' 
in creasi ng. although WP are not surt' 
how long this has been happenin g. As 
we are not sure of th P reason for tl1P.ir 
increase , ,,ve have less confidence in 
their long-term trend. In addition , 
greenhouse gases of which we are only 
no\\' becoming aware may be in creasing, 
such as some of the more exotic 
man-made chlorine-fluorine 
compounds. 

ls the temperature 
record of the past century 
consistent with this 
greenhouse gas increase? 

Estimates are that th e global average 
surface air temperature has increased by 
about 0.6°C in the past 100 years: 
available records are un even. 
Temperature recording stations were 
much less abundant 100 years ago. and 
large portions of the globe were poorly 
sampled, especially in th e Southern 
Hemisph ere . Even today. full global 
coverage is not available. The record. 
such as it is, does not indicate a 
ubiquitou s warming since that time, 
since the Northern Hem isphere has 
apparently cooled from th e 1940s into 
the early 1970s This cooling is 
inconsistent with the concept of 
greenhouse warming. but it may be due 
to other climate perturbations (such as 
variations in the solar constant or 
volcanic aerosols) or simply represent 
internal variability within the system. 
The overull warming for the past 
century is the right order of magnitude 
of the expected greenhouse effect: 
however, due to uncertainties in the 
actual temperature change, in the 
climate feed back fa ctor. in the actual 
CO, amount in 1880, and in the rat e of 
ocean heat uptake (v,•hich slows down 
the atmospheric warming) , we cannot b1! 
more precise in det ermining what the 
expected warming should have been. 
Similarlv. due to the other un certainties . 
we cann.ot use the record to es tablish 
what th1· climate feedback factor mall\' 
is. 

Arc current 
models adequate to allow us 
to forecast climate change? 

Numerical model s, called general 
circulation models , calculate the 
response of the climate system to the 
increases in trace gases. The three 
current mod els all estimate that the 
doubled COi climate will have a global 
average temperature 4°C warmer than 
today. They are thus all calculating 

similar climat1· f1·1 •dbaL \.. fat tor:- . but a :-­
th e difft!rent modtd:-- handlP 111 ,111,· 

processes similarly , thP unan imit~· do1·~ 
not guarantee accuracy . The treatment 
of cloud cover in all the models 
represents a m ajo r uncertainty. ThP 
mod els also show differences in the 
seasonal and latitudinal distributions of 
the calculated warming. It is unl ikt!h 
that th e models could be wrong b~· more 
than a factor of two. but this cannot bP 
proven. 

In addition. a climate change fon~cast 
should indi cate when th P warming 
would be expected to be eviden t. On! ~· 
one model (the Goddard Insti tute for 
Space Studies [GJSS] model) has bePn 
used in a time-transgressive mod e to 
calculate the climate for th e n ex t 50 
years. The results indicate substantial 
warming in th e next decade. This 
calculation is affected to some extent b\' 
uncertainties in ocean hea t uptake and 
the true climalt! feedbilck factor. £3~· 
providin g an estimate of how much 
warming should be observed in tlH' 
relativelv near future . we will hm·t! a 
chance 1·0 test the accuracy of th es1· 
models. 

How "dire" is the 
forecast of coming climate 
change? 

Ice covered what is nov,• New York Citv 
during an ice age climate estimated to · 
be some 4°C colder than todav ·s. 
Consid ering that the doubled .COi 
climate is estimated to be warmer by !Ill' 
same amount, large changes in the 
climate system may well be expected if 
this comes to pass. The forecast for tht! 
next 50 years from the GISS mod el gin!S 
changt~s of 2°C by tlw year 2020, whiLh 
would make the earth warmer than it is 
thought to have been at an,· point in 
histori ca l time. Estimates for summt!r 
tempera tures in the doubl1:d co~ 
climate indi cate that Washington. DC. 
whi ch cu rren t!~· experiences 3f> days of 
temperature abo,·e 90"F , would 
routineh' ha,·e 87 such diivs : Dallas 
would go from 19 day~ \\'(th 
tempera tures abo,·1· 10(fF to 78 diiy~ 
Sea lm·el ri se du,~ to thermal expansion 
of tlw oceans \\' ould caus1: se,·t!rt: 
probl 1m1s in many coastal citit!!->, and 
this effect would be exacerbated if 
additional glacial melti ng occurred. 
Rainfall patterns would like ly be 
substantially altered , posing the threat 
of large scale di sruption s of agricultural 
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and eco nomi c produ ct i\' it,·. The impac t 

> 

of tlw cl imall• chang!'~ predicted by till' 
current modl'l s would be immense. and. 
if the t iming is correct , they w ill come 
qu ickly . 

Is there any way to 
prevent these changes from 
occurring? 

The climate is being altered by the 
re leasP of tra ce gases due to fos sil fu el 
consumption a nd industrial processes . 
These are fa ctors inherent to our current 
civilization. It is hard to \'i sua li ze 
changes suffici ent to influ ence the 
overall trace ga s tren d . short of a major 
catastrophe. although it ma~• be possible 
to limit specifi c trace gas increases 
(su ch as the chloroflu oroca rbons). Our 
abilit~· to manipulat e th r cli mate s~·s tem 
deliberatelv. so as to offset the warming 
by some oiher process. is nonexist ent . It 
is likelv that th e additi onal greenhouse 
capac it·y whi ch has been added during 
th e past 50 years has already built 
considerable warming into the system. 
whi ch ha s not vet been realized due to 
th e slow response of the ocean. 

The climate of the next centurv will 
verv like h · be substantialh· different 
fro~ tod a·v·s. and uncertainties in our 
knowl edge of th e tru e climat e 
sensiti\'ity prevent us from knowing 
exactlv how differe nt it will be. The 
consequences of the estimated climate 
change would be enormous. With that 
in mind . it is worthwhile for us to fa ctor 
climati c changes into our 
decision-making process. while 
apprec iating th e un certainties that still 
exist in our und erstanding. D 
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Hotter or Colder? 

Occasionally, predi cti ons have 
been made that the in creas in g 

CO2 in the atmosphere will lead to 
another ice age. or th at anoth er ice 
age is com ing in any case. Dr. Rind 
respond s: 

Most suggestions about 
increasing CO2 leading to an ice 
age involve the effect of climatr. 
change on the ocean . Perha ps th e 
presence of warmer ocean water at 
high latitudes will provide for 
more precipitation . more 
snow cover, and the growth of 
glaciers. Or perhaps the "color' ' of 
the ocean will change as ocean 
warming causes changes in algae 
concentration. which might 
increase ocean reflecti,·it~· and cool 
the planet . Or maybe th e entire 
ocea n circulation will change. with 
red uctions in the North Atlanti c 
production of ''d eep water ." which 
is co ld salty water th at sinks to the 
bottom . Thi s could force the water 
that stays on the surface to rema in 
cold. 

What all these sugges tions have 
in common is that they are highly 
speculative. The gro.\'lh of glaciers 
in a warmer climate. for example, 
is unlike ly because gl ac ial buildup 
occurs onh· when tempe ratures 
remain bei°ow freezing. In most 
regions of th e Northern Hemisphere 
thi s does not happen today; and it 
would be less possibl e in a warmer 
climate . If some feedback process 
initiated by the warming. such as a 
change in cloud cover or ocean 
refl ectivity. acted to cool the 
climate . its importancp would 
probably diminish as the warming 
diminished (for example , c loud 
cover \•vould return tu its current 
level), and so encl the cool ing. 
Final lv. v;hil e th ere is some 
evider;ce that climate has cooled 
rapidly in the pa st during warming 
episodes, perhaps beca ust~ of 
changes in ocea n circulation, the 
event(s) seemed to have occurred 
when much more extensive land 
ice already existed , providing cold 
fresh meltwater runoff for the 
ocean . Future ocea n circulation 
changes cannot be ruled out. but 

therP is littl e evid encr that thPy 
are probable. especiall y in th e near 
future. 

On longer time scales . tlw 
like lihood of another it-P ag1 · is 
based on th e current 
und erstanding th at ice ages result 
from variation s in th e earth' s orbit 
around the sun . At certain peri ods 
the earth receives less solar 
radiation during Northern 
Hemisphere summer, whi ch would 
aid in allowing snow cover to 
persist. The direct solar va ri ati on 
forcing is too small by it s1df to 
produce an ice age : th e clima tt' 
syste m would have to enhan ce ti ll' 
initial effect in order to produ ce a n 
ice age . For example. anah·sis of 
gas bubbles trap ped in iu! cores 
indicates that duri ng icP agl'~ 
carbon dioxid e in th e a tm osphert· 
is lowered b\' about 25 percent 
(about 70 ppm ). whi ch would cool 
the planet. Curren tl y. the orbital 
variations are such that the solar 
radiation received in th e Northern 
Hemisphere during summer is 
decreasing, although it wil I bt! 
several thousand years before it 
reaches the minimum values 
which occurred during the la st ice 
age. In this sense w e are "going 
into" an orbital configuration that 
is more favorable for ice ages . 

But the climate change tha t is 
our present concern is anticipated 
to be evident in the next d eca dt!, 
and to reach major proportions 
during the next on e hundred year~ . 
Ice ages are lengthy ph enomena. 
occurring over thou sa nds of vear~ . 
and it is unlike lv that major pff1 •1 ts 
would appear oi1 the short t inlf' 
sca les of interest here . 
Furtherm ore. v,ith a \\'arnwr 
climate it is un cert ain wlwt lwr iu· 
ages could occur : a redut:liou of 7U 
ppm of CO2 today woul d sirnµly 
bring the COi level bac k to what it 
was normally in the past. w1d l 
above the ice age valu e~ . If 
minimal CO2 amounts an! 
necessary for the orbita l 
configuration to gen era te an ice 
age , such an occurrence may well 
be less like ly in the future. 
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DE CEMB ER 1986 

"The greenhouse effec t" ... this term 
is part of the public vocabulary 

now . In just a few years. it has changed 
from a scientific curiosit\' to a major 
policy issue for indu stri~s and 
governments all over the world. 

Why '~ How did a question of 
seemingly auidemic. interest sucldenl\' 
become thP subject not onl~- of 
headlines and talk sho\\'s. but of 
governmen t hearings and intematiorrnl 
negot iat ions '1 

Simply put. the grt!t:nhous1: effect is 
the prou~ss in \\'hid1 heat radiating from 
the earth 's surface is trupped b~· gas1~s . 
such as ca rbon dioxide and metllclrw, in 
the atmosphere. Tlw increased heat 
results in a rist· in global tempera tures 
which may significantly alter climate 
patterns . Scientists have known and 
studied thi s effect for decades. but only 
recently have they reachecl the 
fundament a l consensus that rising leve ls 
of greenhouse gases may threa ten th e 
future of our planet. Now the 
impli ca ti ons of that possibilitv are 
reaching governments. 

The greenhouse effect reached a new 
stage in its evo lution as a policy issue in 

Tht · Mou no Luo Obs1·n ·ut<HT 11t ·or / /d u. 
Howoii . is port of t/11 · C1 ·upii _1·s irn/ 
Monitoring fo r C/1111 oti1 CIH111 µ 1· 

program run h1 · tlH' ,\'oti unul (Jc-t ·uni t 
and Atm osplH'ric Admi11 is trntiu1 1. T/ 1(' 

Ohst'rl'C1ton··s cn rl iu n di u xidt · 
monitoring. record~ dut, · /)(J c: k tc, 1 !I .i ii . 

197Y, when four emirwnt sc ientist ~ 
reported to the Council 011 

Environmental Qu a lity (CEQl th at 
" ... man is setting in motion a st:ri1· ~ of 
events that set:m cntain to Cilll~< · .i 

significant warming of world Llimatt•~ 
unl ess mitigc.1ting steps an : tukn11 
immediate!\·. " Tlw author~ w1:n· 
ecologist c;:orgP \'\'ood\\'t·ll. onr: of tht ~ 
first to examine tht· rolt~ of ddorestutio11 
in the buildup of earl.Jou dioxide: 
geophysic is t Gordon MacDonald. one of 
CEQ 's original members: David Keeling 
of the Scripps In stit ut e of 
Ocea nography . who coordina ted 
continuous measurements of carbon 
dioxide in the atmosphere: and 
oceanographer Roger Revelle. who 
established the carbon dioxide 
mon itoring station at Mauna Loa in 
Hawaii in 1957 and who chaired th t~ 



1977 Nation al Research Council report. 
"Energy and Climate. ·· 

At about the same time. thP Na tional 
Academy of Sciences also began a study 
of the greenhouse effect. After reviewi ng 
available atmospheric models and 
analyses of past climates. the study 
chaired b~• meteorologist Jule Charney 
concluded that "We have tried but have 
been unable to find anv overlooked or 
underes timated physic~! effects that 
could redu ce the estimated global 
warming due to a doubling of CO2 

(carbon dioxide) to negligible 
proportions or reverse them altogether ." 
The study estimated that a doubling of 
CO2 in the atmosphere would raise 
global temperature by 3°C, plus or 
minus 1 1/2°C. 

The greenhouse problem was debated 
in yet another forum that year when the 
Carter administration proposed a major 
synthetic fuels initiative. In The 
Washington Post, Gordon MacDonald 
argued that synthetic fuels produced 
even more carbon dioxide per unit of 
energy than coal. oil, or natural gas. 
MacDonald warned that subsidizing 
synthetic fuels was a mistake that 
would only increase U.S. dependence 
on CO2 intensive energy systems. 

The controversy attracted the interest 
of then U.S . Senator Abraham Ribicoff , 
who had recently been warned of the 
greenhouse effect by West German 
Chancellor Helmut Schmidt . Ribi coff 
convened a Senate symposium on the 
subject. The result was an amendment 
to the synthetic fuel s legislation of 1980 
mandating that the National Academy of 
Sciences undertake another . 
comprehensive. rev iew of the problem. 
Also in 1980. the National Commission 
on Air Quality held a workshop on the 
greenhouse effect as part of its review of 
the Clean Air Act. That workshop may 
have been the first study to concentrate 
solel y on publi c poli cy iss ues rather 
than science aspects of the probl em. 

In Jan uary 1981 . under the leadership 
of Gus Speth, the Council on 
Environmental Qualitv released its 
report on the CO2 problem. After 
analyzing the redu ctions in CO2 

emiss ions that would be needed to keep 
levels below 1 1/2 times preindustrial 
levels , CEQ concluded that "the 
potential risks from even moderate 
increases in the burning of fossil 
fuels ... underscores the vital need to 
incorporate the CO2 issue into the 
development of United States and global 
energy policy." Adding a major 
dimension to the problem , scientists at 
the Goddard Institute of Space Studies 
concluded later that same year that CO2 
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was not the only problem ga s; metharw . 
tropospheri c ozone. nitrous oxides . and 
chlorofluorocarbons (CFCs) cou Id a I so 
contribute significantl y to warming the 
atmosphere. 

The Environmental Protection Agency 
made its first contribution to the debate 
in 1983 , when it relea sed its report "Can 
We Delay a Greenhouse Warming?" 
EPA 's report concluded that level s of 
atmospheri c greenhouse gases were 
already high enough to trigger a global 
warming. and that economic momentum 
would ensure even furth er warming. 

Rased on hi . ., climate models. 
Hansen prujccted that 
signific:cml u ·urming might be 
obscrn:d u·ithin fin! lo 15 
year ... . 

The report further concl ud ed that global 
temperatures would ri se by 2°C within a 
relatively short time. even with major 
reductions of CO2 emissions, although 
such reductions could have an impact 
in the long run . 

EPA's report was followed shortly by 
Changing Climate, the greenhouse study 
of the National Academy of Sciences. In 
contrast to EPA's conclusions about 
fossil fuel use and CO2 buildup. the 
Academy judged that "We do not 
believe that the evidence at hand about 
CO2-induced climate change would 
support steps to change correct fuel use 
patterns away from fossil fuels." 

Perhaps the Academy report calmed 
public fears . At any rate. the issue faded 
from the publi c eye until 1985 , when 
new scientifi c information. a key 
international conference. and a series of 
Congressional hearings combined to 
return the greenhouse effect to public 
awareness. 

Early in 1985, scienti sts V. 
Ramanathan and Ralph Cicerone and 
their colleagues from the National 
Center for Atmospheri c Resea rch 
announced that not onl v were other 
greenhouse gases contributing as much 
to global warming in th e 1980s as col, 

but also that these gases cou Id 
eventually surpass carbon dioxide in 
their contribution to the greenhouse 
effect. These findings reinforced the 
growing consensus that some global 
warming was inevitable and that it 
would occur rapidly . 

An international meeting in October 
1985 came to the same conclusion . 
Under the auspices of the United 
Nations Environment Programme and 
the World Meteorologi ca l Organization, 

scientists from 2!-l nc1 ti o11 s mPt in 
Villach. Austri a. and aweed that "sonw 
warming of climatl' now app1:ars 
inevitable; the rate of future warming 
could be profoundly affected by 
government policies on energy 
conservation , on use of fossil fu els, and 
emission of some greenhouse gases ... 

Following on th e heels of th e Villach 
conference was a Senate hearing 
convened by Senator David 
Durenberger, as well as a call by Senator 
Albert Gore for an international "Year of 
the Greenhouse" to focus attention on 
the problem . Gore was not ne\v to th e 
issue, having conducted hearings on the 
greenhouse effect in 1982 and 1984 
while he was a member of the U.S. 
House of Representatives. The pace 
quickened in 1986. when the World 
Meteorologi ca l Organiza tion , the 
National Aeronauti cs and Space 
Administration. and numerous other 
agencies issued a three-volum e report 
on atmospheric ozone. The report 
detailed the rapid atmospheri c changes 
occurring as a result of human activity. 
particularl y the greenhouse effect and 
the depletion of the protective ozone 
layer in the stratosphere . Concluded th e 
report, " There is now compelling 
evidence that the atmosphere is 
changing on a global scale." Finally, 
Senator John Chafee's hearings in June 
of 1986 brought together key scientists 
and government officials to discuss the 
problem. Perhaps the most significant 
testimony came from Dr. James Hansen 
of the Goddard Institute for Spac,t 
Studies . Based on hi s climate mod els, 
Hansen projected that significant 
warming might be observed within five 
to 15 years. 

This was a surprise to many 
observers . The greenhouse problem had 
been viewed as taking decades to 
develop , and . ind eed. doubled levels of 
carbon dioxide in the atmosphere were 
still projected to occur deca des from 
now. It was the possibility that warming 
could occur at much lower levels of CU~ 
that suddenl y became a serious issue for 
government policymakers to address. 

The Chafee hearings raised th e 
visibility of the greenhous1: iss ue. 
making it a more likely factor in poli cy 
discussions. Senator Chafee moved th e 
issue another step by asking EPA to 
develop a set of policy options for 
stabilizing the level of greenhouse gases 
in the atmosphere. When completed, 
this study should mark the beginning of 
another era for the greenhouse effect 
and the problem of global warming. D 
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Rising 
Sea Levels: 
The Impact They Pose 
by James G. Titus 
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For th e last several thousand :vears . 
th e level of th P oceans has ri sen so 

sl owly that for most prac ti ca l purposes 
it has been consta nt. This slow ralP of 
rise has made it possible for ecosys tems 
and human acti \·i ti es in coastal areils to 
develop more ex tensively than wo uld 
otherwise be poss ibl e. Whether 0111? is 
looking at an Ocean Ci ty or Ri o de 
Janeiro beach resort. swa mps in 
Louisiana. farml and in Bang lades h. 
mars hes along th e Chesapeake Bay . or 
the merchants of Venice, li fe along the 
coast is in a sensitive balan ce with tin: 
leve l of the seas. 

This ba lan ce mny be upset b\' tlw 
global warming that is expec ted to 
result from the "greenhouse effec t .. 
projected by atmospheric scientists . 
Climatologis ts generally expect th nt if 
human acti vi ti es continmi to releilsl' 
carbon dioxid e. chloroflu orocaruo11s . 
and other gases that absorb infrnrnd 
radiat ion. average tempern tures 011 our 
planet will ri se four to nin e degrees (Fl 
in the nex t century . This global 
warming could rai se sea lt?\'el o rw foot 
in the nex t 40 vears. and two to six fet!I 
in the next cen.tury. Tlw ri sing sea~ 
could inundate low-l yi ng areas . erode 
beaches hundred s of fe1~t or more. 
increase the risk. of flooding i11 coas till 
areas. deslro\' coastill marshes and 
swamps . and incnias1· tlw salinity of 
ri vers. bays. a4uifor~. and \\'at1~r supph· 
syst ems. 

By "sea le vel" \\' e mea n tlw a\'erng1· 
water level of the oceans. coas tal 
estu aries . tidal ri vers, and bays 
through out tlw cou rse of a year. In th e 
las t two million vea rs, sea level has 
been three to five hundred feet lower 
during ice ages than it is today. During 
warm "interglacial" periods, sea leve l 
has been at approximately today's level. 
But during the last interglacial period 
one hundred thousand yea rs ago . the 
level w as about 20 feet higher than ii is 
currentl y. 

The main reason sea level has 
flu c tuated so mu ch is that during ice 
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age:-. mu ch of tlw northern hemispheni 
was cm·t!recl \\'ith an icP sheet 
thousand s of fet !t thick . As thost' 

,. 

gl a1 it irs me lted at the end of tlw ice 
agt• s. tlw water flo\\'ed back into the 
()( :cans and tlw st!a rose. From around 
15.000 B.C. until around 5.000 ll.C. . sea 
level rost • aLout threl' fet!t per centur~·. 
Since thl' n . tlw St!a ha s risen only an 
in c: h or l\n > pe r cen tury 011 a\'eragt• . 
Hm,·1·,·1·1 . tidal rt'l:C>rds sho\\' tha t in tilt' 
las t hun drt!d \'t:ars it has ri sen four to 
Si'\ iIH .IH•:-.. 

l\l lh llugli nn>st of tht· ict> shet!h 
cc ,, ·t·ring :\'orlh l\nwric:a during tht· last 
iu• ug1 • ha,·t· nwltt!U, th t· expected global 
\\' arn1i11~ could mist· se,1 lc\'t~I for a 
nu1 nlH!r. of rt:aso11s : 

• Thermal expansion. Ocea n water 
t''-JldI H!s \\'ht•n it is hea ted. whi ch could 
mist! the se<1 level a foot or two in the 
next cen tury. 

• Alpine glaciers. The snow covering 
various mountains throughout the world 
could me lt . adding another foot to sea 
leve l. 

• Greenland . Polar sc ientists estimate 
th .i t glacial melting th ert1 could add 
ano ther foot to sea level in the next 
century . 
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• Antarctica. Over the next two 
hundred to five hundred years, it is 
possible that the West Antarctic Ice 
Sheet could completely disintegrate, 
which would raise sea level 20 feet. 
Fortunately , polar scientists generally 
believe that Antarctic glaciers are 
unlikely to contribute more than three 
feet to rising sea level in the next 100 
years. 

Several scientific groups- the U.S. 
National Ac.idem\· of Sciences. the 
Environmental Pr'otec: tion Agen cy. and 
an internationa l conference in Austria 
sponson:d by the United Nations 
Environment Programme-have 
estimated the future rise in worldwide 
sea level. The consensus for the most 
likelv rise in tlw next centur\' is in the 
rang~ of betvveen two and si~ feet. with 
a one-foot ri se possible in the next 40 
years . Because much of the U.S. coast is 
sinking, the rise along most of the 
Atlantic and Gulf coasts in the next 
century will be six to eight inches 
greater. 

The major anticipat ed impacts of sea 
level rises are inundation , erosion. 
increased flooding , and saltwater 
intrusion. Areas that are now just above 
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sea level will bP inundated. A six-foot 
rise in sea leYel would flood about 20 
percent of Bangl ades h . and a si111ilc1r 
portion of the Nile De lta in whi ch 
almost all of Egvpt 's popul ation rnsidPs . 
Some island nations built on r.nrJI reds 
such as the Maldives in th e In dian 
Ocean could be entireh· und er water. 
Were it not for th e ex t~nsi\' e network. of 
dikes and drainage canals. one-half of 
the Neth erlands would also be 
threatened. 

In the United States. most areas jus t 
above sea level are coas t;i] m;irslws and 
swamps , wh ich are ex tre mpl\· important 
for th e sun·ival of many types of bird s. 
fish. and furbea ring animals. Beca ust> 
wetlands have been able to kee p pac:f' 
with th e slow rat es of sea leve l rise that 
characterized th e last fev,' thou sa nd 
years, th e area of wetlands is generall~­
greater than the area just above se,1 
level. If th e sea should rise more rapidly 
in the future. a very large loss of thosP 
wetlands could result, even tho ugh llP\\ 

wetlands would form as inl a nd areas arc 
inundated . If the adjacent upland areas 
are developed , all the wetlands could be 
squeezed out. Recent estimates suggest 
that a three- to six-foot ri se could 
destroy 50 to 80 percent of U.S. coas tal 
wetlands . 

The coastal wetland s of 
Louisiana-which account for almost 
half of U.S . coastal wetlands-appear to 
be particularly vulnerable to a rise in 
sea level. These marshes and sw;imps 
were formed by sediment washing down 
the Mississippi River. Alth o ugh th e 
muds sank two or three fee t per cen tur~ . 
annual flooding provid ed more than 
enough addition al sediment for tlw 
subsiding wetlands to keep pace \\' ith 
relative sea level ri se. Hov,·e,·er. in tlw 
last century, human ac:ti\'ities han• 
diminished the ability of the Mi ss iss ipp i 
delta to keep pace with sea le ,·e l ris t:. 
Flood control levees and na\'iga tion 
channels confine th e flow of tht • ri,·t!r Sll 
that the sediment no lon ger reac hes tlw 
wetlands; it is now shunted off the edge 
of the continental she lf into the deep 
waters of the Gulf of Mex ico . As a 
result, Louisiana loses 50 square mil es 
of wetlands per year to the sea. Unless 
major efforts are undertaken to restore 
some of the natural processes. the 
projected rise in sea level will accelerat e 
the drowning of wetlands and mos t of 
this valuable ecosvstem will be lost in 
the next century. • 
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Along tllt' opt•n coust. a ri st · in sea 
leq•l cat1Sl'!-> tl ll' short' to retmat 
considt>nilil~· bt>yond th P part of the 
beach th at is inunrl ated . HighPr water 
levels enable storm waves to strih 
furthpr inl and to erode more of the 
beach . and decrease the abilit\' of calm 
wa\·es to rnbuild thP beach. Along most 
of thP U.S. coast. a one-foot rise in sea 
level will erode 100 to 200 hundred feet 
of beach. This could threaten mam· 
resorts that have buildings within ·100 
feet of the shore. 

A rise in sea level could increasP 
coastal flooding for three reasons . First. 
during hurri canes and northeast ers. 
"storm surges" can raise water levels 
five to fift een feet higher than normal. 
pro\·iding u higher base for thesP surges 
to build upon. For exumple. in 
Charleston . SC. areus that 
todav ure flooded onlv once a centur\' 
wouid be flooded eve·n· 10 vears if s~a 
level rises five feet. Second : erosion can 
leave particular properties closer to the 
shore and thu s more \'ulnerabl e. Fin;illy. 
higher wuter levels decrease th e 
efficiencv of natural and artificial 
drainage· systems . causing backwaters 
that cull increase flooding from 
rainwuler. 

Sea level rise also increuses the 
salinity of ground and surface waters in 
coastal areus: this can cause important 
shifts in couslal ecosystems. Although 
fresh watt~r marshes muy be replaced by 
salt murshes. freshv,·a ter cypress 
swamps an• generally converted to 
shallo\\' lakes wh en exposed to 
excessi\·e salinit,· le\·els. which is 
alrnad,· occurring in Louisiana. 
Saltwuter intrusion also threatens 
drinking wain supplies. A two-foot risl' 
in sea lt!\"t •l would result in 
Philadt!lphia 's DeluwurP Rin!r water 
supply being too salty to chin~ during 
drought;. \\'IH!ll slrt!urn fl o\,· is 
diminislll' d. l\1ort!O\' t~r. bt·u1u st· th e 
aquift ·r!-> 011 \,·hich suburli<.11i 1':t•\,. jnst·\· 
relit:s art: rt!d1argt·d u~· tllt' 
(currently fresh) Delaware River. 
increased ri,·er salinities could result in 
salty ri\'l~r water contaminuting the 
aquifer~. 

Ho\\' can th e impocls of ri sing sea 
level be pre\'en lt~d or at lea st 
ameliorated '' Society cun respond to 
these problems ei ther by reuc!ing to 
them as th ey occur or by anticiputing 
them as purl of the planning and design 
of coastul communities and other 
long-term projects. The most genernl 
response to ameliorating the problem of 
seu level ri ses \•vould be to limit 
emissions of greenhouse gases and limit 
th e acceleration of sea level rise. But 

Greenhouse Effect: 
Other Impacts 

T lw greenhouse effect ma~· well 
shift our climalP to conditions 

unknown in recorded human 
history . While our abilitv to 
predict the full implications of thi s 
shift is limitml. 011t· approach is to 
studv the earth's past for clues to 
it s future. Bused Oil geologi cal 
studies of life thousands of vears 
ago. we know that ma1w aspects of 
our environmen t are intertwined 
with climate. They hav1~ 
undergon e dramatic changes. 
particularly compared to 18,000 
years ago when the earth was 
about five degrees Centigrade 
cooler. 

As th e earth warms . we ma~· seP 
changes in al! aspects of our 
climate: changes in rainfall 
patterns. more frequent storms. 
and more extreme temperatures. 
As a resul t. agriculture and nolural 
ecosvstems will be affectl'd. 
Important changes in form 
productivity can be expected 
throughout the world. Crops that 
110\\' prosper may not grow. and 
today 's breadbuskets ma,· becom1~ 
tomorrow's dust bowls. The need 
to develop new agricultural 
methods and crops. perhaps 
through advances in 
bioengineering. will post' a critical 
challenge to futurn ge1wrations. 

The makeup and exlt!nt of our 
natural ecos,·stems. including 
wetlands and wilderness ureas. 
mav shift. As mild-latitudes warm. 
evergreen forests ma,· bt! forced to 
shift north. If human de\·elopnwnt 
blocks this migr<.1tio11. tlw trnliri· 
ecosvstem ma,· bt• at risk . Tlw 
implications fin endang1:n:d 
specit!~ . m<1ny of which art: 
ac.lc1pted to spt•ci fi< 1:11,·irn11111l'1Jli1l 
nich e~. ma,· also Ill' st·\t!11 ·. 

Climatl' t:hang1· will aflt·Lt tilt' 
availulJilit,· of wat1 ·r for i11dustri,1l 
and agricultural uses. and for 
drinking. As rainfall patlf:m s shift. 
reservoirs may clry up. or dams 
become O\'t!rburde1wd. Tlll' waler 
projects we build today will last 
50 years or more. The,· an: 
des.igned .. ,·ith the assumption that 
tomorrow 's climate will be the 
same as todav ·s-an assumption 
that mav not -hold as greenhouse 
gases build up in the atmosphere. 

The implications of climatt: 
change are broad. Tlw \\'ea ther. a 
mainslu\' of conversation todii\'. i~ 
likelv to tc1ke Oil a grcl\\'ing • 

L importance as the world warms. 

such a poli c\' is only likPh· t1, lw 
effective if implt•nwn lPd long !ll'fon· 
problems emerg1•. bec:.tm.t• it ,nnild takt· 
a few decades to carr,· out. h·1·n if all 
emissions were curt ailPd, tlw earth 
would continue to warm for ul leas t a 
few decades as th1i ocean~ camr into 
equilibrium. after whi ch th< · sea ,,·mild 
continue to rise for at least a fo\\' mon· 
decades as glaciers camp int o 
equilibrium with th e higher 
temperatures. By th e tinw thr st~a rises 
one foot. it would be too late to prt!\'f!nt 
a several-foot ri se in sea le,·el. 

Therefore . coastal communities must 
also look at ways of adapting to 
whatever rise does tu~e place. l'oss iblt• 
responses to inundation . erosion. and 
flooding will full broadh· into thn·1· 
categories: building \\'all s to hold b,H .k 
the seu, raising thP land surf,H .t'. and 
retreating from tlw short• . 

Levees and dikes arr alreach· ust!d to 
hold back th e sea to protect arnas lll'lo\\' 
sea level in the Netherlands and 
adjacent countries. as Wt!ll as such ll.S. 
cities as New Orleans and Texas Cit\'. 
This option will probubly be tht0 

preferred response for most major 
low-lying metropolitan areas. HO\\'t!\'t!r. 
it will not be approprialti for c:oast;il 
barrier islands whnsl! recreatio1wl bt i,1ch 
economies require that tlw short! lw ;1 
beach. not a wall. Morem·t!r. this option 
can result in a compktt• loss of ui;1st,il 
wetlands. For r:ommunitit•~ built on 
coral reefs . levees ma,· 1101 lw ahlt• lo 
keep the water out. 

Raising thP land surfu< l' m,1,· lw 1111' 
preferred option for coastal barrit ·r 
island resort s such as 1'.liallli Bt•.i<.11. 
when· propnl\· ,·,ilut :s ar1· 
high and tlwn· i~ a 1H·t·d lo r11 ai ntai11 a 
rncreational bca l h. For c:0 1n1nun itit•;, 011 
coral reefs . this may lw tlll' t111h optio11 
This method ma\· ;il,11 IH' tilt' t111I\· \\ ·.i, 

to simult,11H·ou~ ly pmtt ·t t \\l'll.i11d ;, iilHI 

c:oast,il propt!rt ,·: ho\\'l'\Tr . t1 ·1.h 111 dogi t •;, 
to ac:c:clt iralt · till' al,ilit\· Ill \\ l' l l.incb to 
~ro\\' up\\'ard an : expt•11;, 11·1· .1 1111 nc,t 
enlirt"ly prou•n. l\t·\·1·rtlll'l1 •;, ~. r.i i~i11 g 
the land surfau! is aln:ath t·111plo\Til in 
many c:o;istul urea~ \\'lwn · d11•d g1•;, pul!lp 
sand frolll offshon· to rl'i111 ild t·wcli11g 
beaches . 

In some cases . propt•rt, \·alu1·, 111 ,1 \· 
not be great enou gh to jmt ih 
construction of a le,·e t· or raising !ht! 
land . In other cast!S, deltmding th e shon: 
may be economica lly ,·iablc. but tlw 
social goal of protecting natural 
shoreline em·ironments mo~· prec:ludt · 
those options . In these instanc:Ps. tllt' 
on!~· alternuti,·e \\·ill !JI' to adapt It , ii 

retreating sh on· li1w 
If tllf' c: urn·n t sl1ort·li1ll' i~ tc, lw 
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maintain ed. tlwrti is littl e ad,·antagP to 
defoml ing it bt->forp tht• sea ri ses enough 
for deft!nsi\'P effo rt s to br necess,u,· . 
Ho\\' e\'!ir. retreating from tlw shorti 
wo uld rPquirt· c:onsidnable lead tinw . 
sinu· coastal structures can last 50 to 
100 \'t!ars and their O\\' ners would lm 
reluc':tant to 1110,·t· or abandon th em . 
Th i~ 1wt>d for aclrnnu· µlanning ha s 
been im:orporatt>d in to many statt · 
c:oi1st ,il zont · p l.ins. \\'hic:h requin· th at 
np\\· construction lw set back from thP 
oc:Pan short· ii c.listanc:t · eq ual to tlw 
erosion t!XJH·clt ·d in .i gin·n numlwr of 
yt !ar,-. . J\:ort It Ciro! i n ,1 n,qu i ms l1t ,ust·~ 
th at can lw ~ub~t•qtwnth· nHn·t:cl to bt : 
st't bad. from t lw short· to a poi nt 
approxi111 at1·h· "30 ,·1,ars \\'Orth" of 
erosion and la rgt· buildings lo be set 
bac: k "Ii() , ·pa rs \\'Orth ... 111 ~1ain c , tlw 
se t-bad requirement is 100 years. 
Howewir. th ese regula t ions do not yet 
in corµora lt: th e dPgree of short· retreat 
that mi gh t be necess itated by the 
accelerat ed rat es of sea leve l rise that 
are now expec tec.l . 

The neec.l for adva nce planning ma~ 
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be even greiller in the case of wetland 
prot ection. If the probl em is not 
addressed until the sea has ri sen 
signifi ca ntly. it nrny be too lat e to 
require development to retreat without 
cost!~· purchases of land and structures. 
By contrast. long-term planning coulc.l 
help ensure that ne\\' structures are not 
built in areas where nev; wetl a nd s are 
likelv to form. 

Lo.ng-t erm pl anning for Si.dtwater 
intru sion int o water supplies may also 
be useful. For example. in the case of 
the De lawarn River. th P Willer 
authoritit,s mai nt a in res t:rvoirs and 
release fresh water wht, n salinity levels 
increase. Sea level risP may require 
more reservoirs in th1, future. Whil e 
there is no need to build those dams 
today. now is the time to id entify the 
locations where they would be built if 
needed . Otherwise such sites mav be 
developed for other uses precluding the 
options by which future generations can 
address the problem . 

Fortunately. most of the consequences 
from the expected rise in sea level are 
still decades in the future. Why should 
we focus on these future problems when 
we are faced today with more 

immediate problems such as toxic: wast e 
dumps. urban smog. and dying 
e stu aries? Form er EPA Administril tor 
William Ru ckelshaus offe rec.l thi s 
perspective : 

Our system of go\'ernm e11t 
hos traditiona lly been biosPd 
toward a so rt of ins tituti onal 
in ertia . whi ch is eventual/\· broken 
by deve lopmen t of a ma ssive 
consens us. Th e problem is that in 
our ultimate hast e. l\'f' ma_1· n ot 
give adequa te att en ti on to all th e 
options. \-\ 'he th n W P. ca 11 continu e 
in such a manner is a subjPct open 
to qu es tion .. .in on era produ cing 
catastrophes of a magnitude 
grea ter than in th e post. we con 
place our in s tituti ons in situc1tions 
where precipitat e ac tion is the so le 
option-and it is then that our 
institutions con bP imperiled and 
individual rights overrun. 

When, as in the case of th!! greenhoust! 
effec t and the rising seas . a period of 
several decades must pass be twee n 
cause and effect. the future 
environmental problems should be 
addressed as they are be ing created. 
rather than waiting until the ir 
consequen ces are upon us. 

Other nations are also beginni ng to 
examine the implica tion s of future St!il 
level rise. For exampl e. in August 1981i, 
a conference of 50 scienti sts and 
officials from around tlw So,·iet Union 
sponsored by the Estoni an Academ~· of 
Sciences recommended th at decision 
makers be informed about " tlw cost of 
designing new facilities for a future rise 
compared with th e cos t of rebuilding 
the fa cilities if such a ri sP takes plarn ... 
Professor Eri c Bird . an in\'it ed oustir \'l:r 
from Austra lia. expects thest> 
recommendatio ns to bt! acted upon : 
"The Soviets have a track record of 
implementing th e recom mendati o ns of 
thi s panel. " 

Addressing the causes of sea le vel rise 
will require nations to work together. 
But individual nations and 
communities and individuals can 
decide for themselves whether and how 
to prepare for and react to the effects 
and , in so doing. will help create the 
understanding and public a\•\'areness 
necessary to address th e causes. 0 
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