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SCOPE NOTE

This Assessment looks at Soviet research on Nuclear Winter to
determine what the Soviet leaders think of the hypothesis, the extent to
which they are exploiting the subject for propaganda purposes, and the
most likely implications from Moscow's perspective. It does not reach
judgments about the scientific validity of the Nuclear Winter hypothe-
sis. Most of the information on which this analysis is based is derived
from the international scientific and diplomatic communities, This
information is supplemented by foreign media reports, We also have
debriefed a Soviet scientist who recently defected from the USSR and
was knowledgeable of the capabilities of individuals and organizations
involved in Soviet research in this field. From these sources, we balieve
that we have a relatively good understanding of Soviet Nuclear Winter
research. We also know what Soviet leaders say publicly about Nuclear
Winter. Their private, personal perceptions, however, are not known.
We identify some possible military and political dilemmas, should
Soviet leaders come to believe Nuclear Winter poses 8 serious danger,
and note some possible indicators of inereasing coneern over possible
adverse climatic consequences of nuclear war. '

Nate: This Asesment was prepared under the suspéees of the Mational Intellipence Officer for
Sirattyic Programs. It was cocrdinated sl dhe workies kvl by the Central Intelligence Agency, the Defense
Intelligence Agency, and the intelligence companant of the Denartment of Energy.




KEY JUDGMENTS

We do not anticipate any changes to Soviet nuclear weapons
policies or programs solely as a result of MWuclear Winter research,
Senior Soviet leaders are informed about Nuelear Winter. Reportedly,
Foreign Minister Gromyko has been briefed on the subject. But the
scientific evidence is not yet convincing, and, more important, Soviet
leaders do not see any apparent response in US strategic programs to
Nuclear Winter eoncerns. Lacking both of these conditions, we believe
Moscow will continue to maintain a strategic fores posture that supports
their war-fighting strategy and depends primarily on missiles with large
throw weights and large numbers of warheads. Consequently, we
believe that there is little chance for major reductions in their nuclear
arsenal as a direct result of published or ongoing research on Nuclear
Winter.

We believe that there is a wide difference in what Soviet officials
say publicly about Muelear Winter and what they believe privately. The
official Soviet party line is that Nuclear Winter is real and the effects
are certain and severe, but Soviet scientists have privately acknowl-
edged that substantial uncertainties remain. Despite these uncertainties,
Soviet Nuclear Winter research remains concentrated among a small
group of Computer Center scientists with little background in climatal-
ogy. The research program does not appear to be well coordinated
among other individuals and institutions in the Soviet Unjon that could
make important contributions. Nor do we have any evidence that the
research program is coordinated with the nuclear weapons design
organizations at this time.

- Soviet Nuclear Winter research began in 1983, when a few
scientists moved quickly to conduct investigations and enter into the
growing debate on the subject. Their findings were widely reported as
independent confirmation of the hypothesis that nuclear war would
lead to widespread and devastating climatic changes. On closer exami-
natien, however, Soviel research on Nuclear Winter is not convincing.
Meither is it well documented. It is derived almost entirely from US
ideas, data, and models. Early US climate models were greatly simpli-
ficd and run with input data that gressly exsggerated the efects of
smoke from burning cities, the key variable in the Nuclear Winter
equation. Not surprisingly, Soviet scientists have consistently reported
more severe elimatic changes than are usually found in similar research
in the West. Furthermore, Soviet reporting tends to streteh conelusions




well beyvond what the research supports, often concluding that ™. . . nu-
clear war of any dimension will signify either the disappearance of the
human race or its depradation to a level lower than prehistoric.” While
Soviel scientists privately acknowledge errors in their work that produce
more severe outcomes, they publicly continue to voice the party line
Western scientists have been amazed at this kind of intellectual
dishonesty,

The location, nature, and findings of Soviet research suggest that
the primary interest in Nueclear Winter thus far is for external political
purposes. A large, well-coordinated propagandz campaign has been
organized with the international scientific community as the primary
target audience. The objective is to use these scientists to convince
Western publics, and ultimately their political leaders, that arms
reductions are necessary, that the US arsenal is already too large, and
that new weapons are not needed. The themes usually emphasized at
international sclentific forums and widely reported in the media
inelude:

— Muclear war would have disastrous consequences for all
mankind.

— There is no effective defense against nuclear attack.

— There is increasing danger of nuclear war due to the “arms

race.
— US actions are the main cause of the “arms race.”

The efforts have met with some success. In certain cases, Soviet
scientists gain direct access to political leaders in the West. For example,
Vladimir Aleksandrov, the leading Soviet writer on Nuclear Winter, has
testified before the US Congress. In other cases, Soviet participation in
international erganizations has served to keep the horrors of nueclear war
before the public. The UN World Health Organization, for example,
has placed the study of Nuclear Winter on its agenda.

In addition to the potential for political influence, Soviet participa-
tion in Nuclear Winter research alio contributes lo continued Soviet
access to US scientists, research, and computers, Tt also provides
opportunities far Soviet sclentists to develop new modeling technigues
and improve glabal eirculation models.

For all of these reasons, we expecl Soviel research on Nuelear
Winter will continue, but no substantial contributions are anticipated.
Experimental research on large-scale fires, which could provide useful
input data, has not been approved. Also, analysis will be limited by
Soviet computers that lack the capacity o use advaneed climate models,
There will be continued Soviet interest in scientific exchanges with US




seientists, but Soviel agreement to joini rescarch is unlikely because
Moscow's publie position is that the Muclear Winter hvpothesis has heen
adequately proved, Furthermore, it is important to Moscow that Soviet
Nuelear Winter rescarch be perceived as independent and original. In
any event, unclassified Soviet research probably will be carefully
circumseribed so that it does not cast any serious doubts en the Nuclear
Winter hypathesis.

Classified analysis of Nuclear Winter is likely to be undertaken
outside of the Computer Center. At a minimum, military planners
would want to know to what extent their strike plans and US retaliatory
strikes would eause adverse elimatic conditions in the USSKH. Another
major issue is the possibility of asymmetrical damage in which the
Soviet Union could experience somewhat more severe elimatic conse-
quences from a nuelear war than the United States because prevailing
winds could move smoke from the United States and Europe to the
Soviet Union more quickly than smoke from the Soviet cities would
arrive over the United States.

Regardless of the climatic consequences of nuelesr war, Nuclear
Winter research has pointed out some additional problems that may
have been insufficiently considered by Soviet military planners,
including;

— Persistent smoke and dust could obscure targets from overhead
reconnaissance and interfere with aireraft engines.

— Cold and darkness could further stress persomnel operating
command and control systems.

— High-frequency communications links and satellite ground con-
trol stations could be affected by increased dust and water vapor
in the atmosphere.

The Nuclear Winter hypothesis could pose potential dilemmas for
the Soviet leadership and it could lead to contradictions between these
new considerations, on the one hand, and Soviet doctrine and WEeRADons
employment policies on the other. Such contradictions would praobably
cause Soviet officials to demand exceptionally high standards of sefentif-
ic proof for the Nuclear Winter hvpothesis, standards that probably
cannot be met,

Efforts to reduce the elimatic consequences of nuclear war would
run counter to Soviet war-fighting strategy, which emphasizes preemp-
tion and massive strikes. Responses to this dilemma would be difficult
for Soviet strategic planners; they apparently are highly skeptical of
concepts of escalation control and small-scale strike aptions. Nuclear
Winter considerations alse could resull in more emphasis on convention-
al forees, biological weapons such as those achieved by genetic engineer-
ing, and directed-energy weapons.




Should Soviet leaders become eonvinced that steps must be taken
to reduce the possibility of Nuclear Winter, these measures could affect
Soviet research and development programs. This could reinforee exist-
ing trends toward lower vields and better aceurscy. Nonnuclear
warheads also could be considered for strategic targets. In addition,
targeting planners might consider target combustibility along with other
factors 1o reduce the amount of smoke and dust, Nuclear Winter
considerations also could complicate Soviet ballistic missile defense
(BMD) efforts. Should Moscow become concerned with using BMD both
to protect military capabilities and to prevent an altack From triggering
Nuclear Winter, then a much more extensive delense capability would
ke required,

Finally, Nuclear Winter also could influence Soviet thinking about
civil defense. Because of the potential damapge to food production,
Soviet civil defense officials could be forced 1o extend their planning
time frames for basic survival to about 2 year. Thus, substantial
increases in civil defense food stockpiles might be an early indicator
that Muclear Winter was beginning to influence Soviet thinking at high
levels.




DISCUSSION

The Scientific Debate

Background

1. The concept of “Nuclear Winter™ sould funda-
mentally change the way we think about nuclear war.
The term refers to the possibility of carastrophic
changes in climate due to nuclear war. This concept
was first raised in 1982 and, in 1983, caught the
attention of the sclentific community with the publi-
cation of the "TTAPS™" ! study. The stedy concluded
that nuclear war could trigger severe and widespread
changes in climate that could have devastating global
consaquences. Other scientists have concluded that
these climatie changes conld lead to the extinetion of
human life on earth.®

2 Nuclear Winter studies raise the possibility that
the longer term, global-scale, aftereflects of nuclear
war may be even more serfons than the immediate
effects. Previous studies were primarily concersed
with immediate effects, including blast, heat, and
short-term radiation. Studies of longer term effects
concentrated on fallowt, residual radiation, and ozone

'R Turen, O B Teon, B P Ackerman, ). B Pellack, and Carl
fagan “Muclesr Winter Global Caonsequences of Muliiphe Muclear
Exnplosions.” Seience, wol 222, Noo 4630 (23 Docember 1883) The
report b wsually relerred to as the “TTAPS™ sisdy, combining the
imitials of theis bt names. A bess bechinies] article on the subject by
Carl Sagan appared in Foreign Afai, vel 62, No. © (Winter
1983/64) amd rectived widepread attestion, The TTAES sudy
erew gul of analysis of dust storms om Mar in connection with the
US Mariner space explocetion project in the eady 18700 Masiner
data from Mary indicated thet the widepread and persistet dust
storms shsarked corsiderable salur radistion and resulted in tem.
peratuses much higher tham mosmal st 1he palluted high abitude
and much lower temperatures ea the surlaces that were masked
fram selar cadiation. Similer changes on a mich smaller seabe have
besa noted un carth as @ result of majs volanic eruptions chal
iniecsed large guantities of ash partiches isto the atmosphers. In
181, a gremp of American sebemists decided to apply what had
been bearned abeut the effects of large quaniities of dust in the
at here 1o the naclear war contest, in what e Iy bevame
the TTAPS ropoet, & separate siwdy in 1952 by Cruteen and Birks
painted out the potential signifiesnee of ymeke from burning ciiss
ard Toreits in beweving surface temperatures aller a nuclear sizsck.
With this diseavery, smoke data were added to the TTAPS seseasch,
Freviowly it hasd oot been assumsed that imote would rise (o high
ensiugh sltitudes i cause signifiesnt, widaeread climalic efects

' Paul Ehrlick, " The Bislogical Conseguences of Noclear War, " in
Thee Colid ard the Dard (1994), p. 59

depletion. But the climatic consequences of large
amounts of smoke and dust were overlooked yumntil
recently; therefore the Nuelear Winter hypothesis has
atteacted considerable interest. Many scientists, how-
ever, do nod agres that the effects would be as severs
and widespread as indicated in arly discussions, and
thus a scientiic debate has opened. This debate
represents the latest in the long series of selentific
concerns about nuclear war.

Mutlewar Winter Hypathesis

The Nuclear Winter hypothesis essontially argues
that a nuelear war would prodace large quantities of
smicke and dust that would absork solar radiation,

causing:
== Darkness lor several weeks or longer.

— Cooling temperatures for several months or
langer.

~ Circulstion pattern changes that would bring
simnilar, but less severe, climatic changes to the
Sauthern Hetmispliere.

The Process

4 Although smoke and dust were found to be the
major conlributors to Nuclear Winter, the TTAPS
study considered four main physical effects of molti-
ple nueelear explosions: smoke in the troposphere, dust
in the stratesphere, fellout of radicactive debris, and
depletion of the ozone laver. & single, l-megaton (Mt}
weapon detonated at ground level can generate
100,000 to 600,000 tons of fine dust that is propelled
into the upper troposphers and stratesphere, In the
TTAPS baye-case scenario, about 860 million tons of
brne dust was produced, about 80 percent of which
reached the stratosphere. These particles would re-
main in the stratosphere for about o yvear, seattering
sunlight. Airbursts over eities would likely start mas-
sive fires that eould genesate large quantities of smake
Smoke particles could remain in the upper tropo-
snhieee for weeks to months. In the TTAPS study, one
scemario involved a 1O000-wenpon attack using 100



kilotan (kt) warheads agalnst an urban arca equivalent
to about 100 gilies. This scenario produced an estimat-
ed 130 million tons of smoke in the troposphers. In
addition to dust and smoke, radioactive particles alss
are produced and carcied aloft in the fireball or the
updraft. Particles injected into the lower traposphare
scttle baek to earth or are mined out in a matter of
weeks, Those injected at higher altitudas, inte the
stratosphere, remain there for about o year, by which
time maost of the fission products have decayed to safer
levels, The fourth effect, azone depletion, results from
nitrogen oxides produced by high-yield explosions and
amounted to about a B0-percent maximum reduetion
in ozone in the TTAPS base case. This would produce
about a lwofold inereass in wliraviclet radiation in the
fiest year following & nuclear exchange, according to
the TTAPS analysis. Other effects, including the gen-
eration of toxic gases, dioxins, and ather dangerous
products were noted buot not evaluated,

Climate Changes

4. These physical affects could have a major impact
an the global climate, due primarily to abhsoeption of
sunlight by thick clouds of smake from bumning cities.
Local weather and precipitation could be seriously
disturbed for up to & vear. The severity of changes in
climate would vary from region to region and depend
on the season during which the attack oecurred, but,
even in the most sxtreme case considered in the
TTAPS study, the climatic changes did not sugmest
that a long-term ice age would be triggered by nuclear
war. This is primarily becauss of the tremendous
quantities of heat stored in the cceans that would drive
the climate back to normal ranges within, at mest, a
few years Meverthelsss, the combination of darkness
and cooling for-even one vear could have disastrous
CONSEUENCES,

5. The normsl temperature gradient could be radi-
cally changed by large guantities of amoke in the
troposphere and dust in the stratosphere {Ggure 1) Ar
the surface, when heated by the sun, the sarth has an
average annual temperature of 13°C (56°FL Nuclear
effects (smoke and dust) in the atmosphere could
recluce surface temperatures to about -17°C, well
below freezing, within 30 davs of a nueclear attack. At
the same lime, temperature changes in the steato-
sphere could be even larger, possibly rising by as much
as BOPC as the smoke particles absarb solar energy.
The impact of such temperature changes eould be
severe, An abrupt omset of cold may be damaging or
fatal to plants, particulacly if exposed duri:lg the
growing season. Crop harvests could be destraped or

Figure 1
Muclear Winter: Atmospheric Effecis
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severely redeced in mueh of the MNorthern Hemi-
sphere. In addition, the superheating of the strato.
sphere eould affect eireulation patterns, bringing the
effects to the Southern Hemisphere rather quickly.
Plants in the tropics are even more suseeptible 1o
damage from minor changes in climatic conditions.

6. Furthermore, these conditions could persist for a
long perind of time (figure 2), The TTAFS base-sase
scenario produced subfreezing terperatures for about
three months, and obowt & year was required bBefore
temperatures began to relurn $o normal levels, The
affects would be less severe In caastal aress, which are
wirmed by the oceans Even there, howsver, severs
storms would be cormmon and in some areas (urther
inland, there could be continuous snowfall for months.
Water supplies could be frozen, and agriculture might
be impassible for up to o year in many areas.

7. Darknes s the second major consequence of
injecting large quantities of smoke and dest in the
atmosphere. ¥irtually all life on earth depends on
iLIn“EiIL [ light lawels were reducsd by 5 percent,




Figure 2
Muclear Winter: Range and Duration
of Temperature Chauges
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Figure 3
Muclear Winter Darkness®
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mast plants would be unable to maintain net growth.
In the TTAPS base case, smoke from wrban fires and
forest fires reduced the amount of sunlight reaching
the earth's surface by over 95 percent for more than a
week in the northern midlatitudes (Bgure &) It could
taks 5 vear or more for sunlight to reach normal levels
{bgure 4) Widespread dizruption of photosynthesis,
combined with radiation damage, severe cold, and
other effects, could pose a serious danger to plants and
ultimately to the animals and humans which depend
n I1:|r,|1:|..

Key Variables, Assumptions, and Uncertaintios

& Smoke is the key varizble that determines the
extent to which climatic change would occur, over the
shorter term, while dust largely determines whether
the cHect will be long lasting. in particular, the

. amount of smoke produced, the altitude to which it
rose, and the duration that it persisted are crocial
factors in LESEREINE :'c.sl,l[l:ing l;'l'ln.ngu in the g;ubal
climate, For example, in the TTAPS base case, 225

| ol 1 year
| week 4 manths

Time (log scale)

& TTAFS Bam# case, S 0-megrion eeayrin

& The logarithm of the frection of light 1504 an simosslere Lumsizn The
normal, clesr-cey anlicad dapih iy esseatially sen; o light fog i show 0.5,
An ostizal death of | represent the Transilion befwees an simotsbere that
i essenrislly Srasipazent and asc thal 7 apaque

Unelassified
T

millish tons of smoke were injected into the atmos-
phere and accounted for up to 90 percent of the
reductions in the solar energy reaching the earth's
surface and corresponding reductions in temperatures
that in some cases ameunted to 30 degrees eentigrade.
For such conditions to occur, however, there would
have to be large numbers of urban fires generating
intense heat that would carry some of the smoke into
the stratosphere, where it would persist for much
longer periods than eommonly oecurs at lower alti-
tudes, The Hreball of large-vield weapons, in the
megaton range, also could infect smoke and dust into
the stratosphere. Thus, the main smoke parameters—
how mueh, how high, and how long—depend on
soveral important assumptions. For exampls, the
amount of smoke gensrated depends mainly upon the
kind of fuel, the amount of cxygen available, weather





















































































