
ChiLLy scenes of a nuclear winter 

BEYOND ARMAGEDDON 

by Albert L. Huebner 

Before the first test was conducted at Alamogordo, New 
Mexico, the nuclear bombmakers weren’t even sure that 
the weapons could be detonated. Most of the scientists at 
L o s  Alamos grossly underestimated the power of the first 
bomb; Oppenheimer, for example, estimated that the yield 
would be three hundred tons, less than 2 per cent of the 
value actually achieved. Shortly thereafter, members of 
the scientific community were surprised again-many of 
them overwhelmed and sickenebwhen they saw the dev- 
astation at ,Hiroshima. And despite use against two cities 
and an ambitious testing program, the full danger of fallout 
wasn’t identified until more than a decade later. 

As these events suggest and more recent ones confirm, 
there is a pattern to the development of our understanding 
of the effects of nuclear weapons: Important consequences 
often have been completely overlooked initially. When 
they are finally recognized, each refinement in the analysis 
indicates increased destructiveness. 

Investigation of the effects of nuclear weapons on the 
environment reveals this pattern in extreme form. It was 
not until twenty-five years after the first detonation that 
scientists realized that multiple nuclear explosions would 
deplete the life-preserving ozone layer of the Earth’s upper 
atmosphere; it took another five years to produce a rea- 
sonably detailed quantitative study of this depletion. It was 
not until the beginning of the 198Os, under the sponsorship 
of the Swedish Academy of Sciences, that an attempt was 
made to develop comprehensive information about the im- 
pact of a nuclear exchange on the planet’s major ecosys- 
tems. Specialists examined what nuclear war would do to 
agriculture, forests, sources of fresh water, the oceans. 
and the atmosphere. The picture that emerged was of a 
planet whose ability to sustain higher forms of life would 
be severely impaired. The study, published in the journal 
Ambio and later as- tntitled-The Afrem[h  (edited 
by Jeannie Peterson, Pantheon Boo-kg 1983), indicated 
that the short-term effects of blast, heat, and radiation, 
horrifying as they would be, could be equaled by the longer- 
tenn environmental effects. 

The simplified analyses that make up the Ambio study 
are extended by several other investigations. These newer 
studies validate an insight expressed many times since the 
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nuclear age began, but perhaps never more vividly than 
by Jonathan Schell. In The Fare of the Earth, Schell’s 
unique contribution was to clarify the ecological conse- 
quences of nuclear anns. The short-term effects, even at 
present levels of overkill, won’t end the species. Schell 
perceived that human extinction-the second death-lies 
instead in environmental collapse: Nuclear war could leave 
the planet incapable of supporting human life. 

Once the Ambio study had put the ecological conse- 
quences of nuclear war into a new perspective, other in- 
vestigations of environmental effects were certain to follow. 
One result of the Swedish Academy investigation attracted 
special attention: Nuclear explosions, along with the oil, 
gas, and forest fires they generate, will lift enormous quan- 
tities of particulate matter into the atmosphere, blocking 
out sunlight for weeks and perhaps months. Agencies as 
diverse as the National Center for Atmospheric Research 
(NCAR). the National Academy of Sciences, and the In- 
ternational Council of Scientific Unions began conducting 
studies. An ad hoc group of more than a hundred of the 
country’s leading physical scientists and biologists, in- 
cluding Carl Sagan and Paul Ehrlich, recently completed 
a year-long effort. Similar investigations are going on in 
the USSR, where last May the Soviet Academy of Sciences 
held a meeting on the matter. 

The Sagan-Ehrlich group’s picture of the world after a 
nuclear exchange was presented at a conference in Wash- 
ington last October. A team composed of Sagan and several 
other physical scientists reported on what has come to be 
known as the “nuclear winter.” Although the specific de- 
tails depend somewhat on the number, yield, and location 
of the explosions, even in a relatively small war large 
quantities of dust and soot will be hurled into the atmo- 
sphere. For the baseline case considered-a 5,000-meg- 
aton war involving 38 per cent of U.S. and Soviet strategic 
arsenals-sunlight would drop to only a few per cent of 
normal at ground’level for several weeks. It would be 
several months before it got back to full intensity. 

This dark world into which the initial survivors of the 
war would emerge would grow bitterly cold. In the baseline 
scenario, temperatures would plunge some 70” Fahrenheit 
in a few weeks, remain more than 20” below normal for 
several months, and not recover fully for a year or more. 
A more severe case, such as a 10,000-megaton war, would 
produce much lower temperatures for longer duration. Sur- 
prisingly, however, an exchange of only 100 megatons 
(less than 1 per cent of strategic arsenals) would cause a 
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temperature drop about as great as the baseline case. 
While the Sagan team was calculating these results, 

climatologists both at NCAR and in Moscow were ‘con- 
ducting independent studies that use more sophisticated 
models. NCAR’s results show the same pronounced tem- 
perature drops over the central regions of continents but 
somewhat smaller decreases in coastal regions. This pro- 
vides scant comfart, however, because the land-sea tem- 
perature difference would drive constant gale-force winds 
along these coastal areas. Vladimir V. Aleksandrov of the 
USSR Academy of Sciences Computing Center has ob- 
tained remarkably similar results. According to NCAR’s 
Stephen Schneider, “Everything that we’ve seen so far 
suggests that although details do vary, the basic picture 
[that the Sagan group paints] is hard to get rid of.” 

The biological effects of prolonged darkness and cold 
would be intensified by several other interactions in the 
atmosphere. The nuclear fireballs would inject enormous 
amounts of oxides of nitrogen into the stratosphere. This 
would deplete the ozone layer (by about 30 per cent in the 
baseline case), allowing a large additional amount of dan- 
gerous ultraviolet light to pour through. As the soot and 
dust began to clear in the months following the detonations, 
this light would reach the surface. 

In addition, fires set off by nuclear explosions would 
release large amounts of toxic gases into the lower at- 
mosphere to produce heavy air pollution. Some of these 
pollutants would later react with ultraviolet radiation to 
create a photochemical smog unprecedented in intensity, 
duration, and geographic distribution. When the nuclear 
debris thrust into the lower atmosphere is taken into account 
in these calculations, the total burden of radioactive fallout 
is seen to increase. In contrast to radioactive particles that 
reach the upper atmosphere, this debris would fall back to 
earth relatively quickly, before its radioactivity could de- 
crease appreciably. 

TRUTH AND CONSEQUENCES 
According to recent estimates, 50 to 70 per cent of the 
total human population would survive the immediate ef- 
fects of a large-scale nuclear war, although a significant 
fraction of the survivors would be near physical or psy- 
chological collapse. A smaller war would leave more sur- 
vivors, but in either case the extent of the carnage would 
be, in the most literal sense, incomprehensible. The en- 
vironmental effects add a new dimension to this horror: 
At precisely the time when human existence would be so 
threatened, the ecosystems that support and protect life by 
stabilizing climate, purifying air and water, and preserving 
soil would be crippled, if not destroyed. 

The frigid weather that blanketed much of the United 
States last December illustrated that extremely low tem- 
peratures are an enormous burden under the best of con- 
ditions. Ehrlich and a team of biologists, complementing 
the nuclear winter sNdy by the Sagan group, have shown 
that survivors of a nuclear exchange would face their long- 
term deep freeze under the worst of conditions. Shelter 
and fuel supplies would be decimated, if not obliterated. 
Drinking water would be unavailable. Much of the food 
supply would be destroyed, contaminated, or remote; the 
rest would quickly be used up. The struggle to keep going 
would take place in an environment permeated by dan- 
gerous and debilitating ionizing radiation. 

Renewal of food supplies would be too slow to do most 
survivors any good. Sudden onset of cold, sharp reduction 
in sunlight, lack of water in useful fom-each  of these 
alone is capable of killing large numbers of plants and 
animals and extinguishing many species. Acting together, 
and aggravated by severe air pollution, soil degradation, 
and pest infestation, they would bring agriculture to a halt 
throughout most of the Northern Hemisphere. 

As the atmosphere cleared of soot and dust, light and 
normal temperatures would finally return, but they would 
bring with them new threats. Damaging wavelengths o 
ultraviolet light, designated UV-B, at the higher inte 
expected over the postattack Northern Hemisphere ould 
decrease the productivity of many plants. In additi , this 
light is known to depress the activity of marin f lankton 
at current intensities; increases would be likely to affect 
the entire marine food chain. As for higher forms of life, 
protracted exposure to UV-B induces comeal damage and 
cataracts, which would lead to .widespread blindness in 
human beings and terrestrial mammals. These wavelengths 
also suppress the immune system, a particularly grim pros- 
pect at just the time when a billion or more corpses are 
thawing and disease-spreading organisms are reproducing 
rapidly. 

Even if the nuclear winter failed to penetrate into tropical 
regions, indirect effects would cause tragic devastation 
there. Cut off from the food and fertilizer they depend on, 
tropical peoples would have to increase cultivation of for- 
ested areas, using slash-and-bum methods. Accelerated 
destruction of tropical forests is only a temporary solution 
to food shortages because the soil is usually of poor quality 
and is quickly depleted of numents. But other conse- 
quences would be more permanent: Removal of tropical 
forests is already eroding the land, destroying waterways, 
creating harsher regional climates, and causing extinction 
of species on a grand scale. 

Until less than a decade ago it was believed that these 
indirect effects of nuclear war would be the only conse- 
quences felt in tropical and southern latitudes. Locations 
targeted were assumed to be far north of the equator, and 
normal atmospheric circulation patterns work against trans- 
port of nuclear disturbances southward. This apparent in- 
vulnerability was punctured in 1975. when the National 
Academy of Sciences reponed that oxides of nitrogen that 
reach the upper atmosphere over the Northem Hemisphere 
diffuse across the equator, depleting the ozone layer over 
the Southern Hemisphere as well, although to a lesser 
extent. 

The Sagan group, taking account of the vast quantity 
of dust and soot hurled into the atmosphere over the North- 
ern Hemisphere, predicted a reversal of normal circulation. 
This nuclear debris, carried over the Southern Hemisphere, 
would create there a slightly less severe version of the 
nuclear winter tormenting northem latitudes: sunlight less 
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than 10 per cent of normal in some places, temperatures 
decreased by as much as 32”. later a significant rise in UV- 
B lasting for years. These conclusions are confirmed by 
the more complex atmospheric models used at NCAR and 
at the USSR Academy of Sciences Computing Center; 
Aleksandrov’s calculations, for example, predict temper- 
atures that are still nearly 20” below normal in Central 
Africa eight months after such a war. 

The Southern Hemisphere could be threatened in another 
way. The strategists who selected the reference scenario 
for the Ambio study observed that “the great powers might 
decide to target some countries to prevent them from dom- 
inating intemational politics following a nuclear war.” They 
suggested that a number of countries below the equator 
fall into this category. Related to this point, several coun- 
tries on the verge of becoming nuclear powers lie in the 
Southern Hemisphere, and one of these, South Africa, may 
already be a nuclear power. If future nuclear strategies 
increasingly target countries in southem latitudes, a nuclear 
war would be a truly global war. The ecological collapse 
that followed would be a truly global collapse. 

These strategic issues underscore the remarks with which 
Paul Ehrlich expressed the consensus reached at the Wash- 
ington meeting: “With all of the uncertainties and so on, 
if there is a full-scale nuclear war, odds are you can kiss 
the Northem Hemisphere goodbye.. . .” And he added: “We 
decided, I think for the first time among serious scientists, 
that should the effects spread widely into the Southem 
Hemisphere, that we could not preclude the extinction of 
homo sapiens.” 

ENTRENCHED MISCONCEPTIONS 
The reaction to this consensus has not been reassuring. 
There has been no special session of the United Nations 
General Assembly to organize bold new initiatives against 
the wholesale destruction of its member-nations. The So- 
viet Union has refused to reopen important negotiations 
directed at arms reduction. 

In the United States the response has been that the gov- 
ernment already knows nuclear war would be absolutely 
devastating. Yet only a few years ago high officials were 
claiming that a conflict was “winnable” and that the country 
could recover from an all-out nuclear war in two to four 
years. Later, at about the same time as the Washington 
conference, the Federal Emergency Management Agency 
issued a report on the status of agriculture after a large- 
scale nuclear attack that, understandably, won instant rid- 
icule from many scientists. The report concluded, for ex- 
ample, that the fertilizer, energy, and water requirements 
of agriculture largely could be met, although “longer work 
weeks and product specializations” would be necessary to 
overcome the shortage of workers in the food-processing 
industry. 

It is clear that misconceptions about nuclear war remain 
deeply entrenched in government bureaucracy. No doubt 
the problem is worse, and will be much more difficult to 
correct, in the Soviet Union. But the scientific community 
has now provided, however belatedly, information that 
allows a broad understanding of what nuclear conflict would 
be like. One hopes that this understanding will invigorate 
the effort to prevent nuclear war. lwvl 
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