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EXECUTIVE SUMMARY

New scientific findings indicate that naiaivc injections
into the atmosphere of dust and particularly smoke and soot
resuliting from nuclcar detonations may have long-term
atmospheric, climatic and biological consequences. These
previously unappreciated éotontial congequences of & nuclear
war~--commonly referred to as "nuclear winter®-~may have
significant national security implications.

There are many remaining scientific uncertainties con-~

fcerﬁing these tindingi. In addition, the magnitude and duration
of nuclear winter effects produced by the ugse of nuclear weapons
wguld bekdependent on the scenario of conflict, including the
numbers and yields of warheads used and their height of burst,

' and the smoke and dust creating potcntial of the target areas
attacked. This atudy‘aaauhes for purposes of analysis that
auclear Qinte: {a a possible outcome of nuclear conflict., It
focuses primarily on a continuum of nuclear‘winter affects, but
‘also examines the écseibility of a sharp~-and potentially
quantifiable~-~threshold below which there would be virtually no
nuclear w£ﬁtet effects and above which the effects would occur in
their most severe forms.

Potential nuclear winter effects create additional un-
cettainties for national leaders and nuclear strategists and

further complicate calculations of deterrence., Some of the
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possible 1mplications‘tor the United States of the nuclear winter
findings discussed in this repbr: are summarized below. These
preliminary thoughts on implications are based on different sets
of aasunptions‘outlincd in Section 1l:

Stratecy and Deterrence

¢ The possibility that the ascale of an attack
necessary to preempt either aside's offenaive nuclear
forces could create nuclear winter effects could: (a)
reduce both the operational and perceived significance
of some strateglic wvulnerabilities, and (b} enhance
stabilicty.

o Concern about nuclear winter could increasa the
uncertainties confronting decision makers in a crisis,
This concern could reduce incentives to initiate use of
nuclear weapons for fear of escalaticn to a level of
conflict at which short-term advantages gained through
nuclear strikes might be negated by long-term nuclear
winter effects.

o New uncertainties could be created for a nation
considering retaliation for a nuclear first strike.
The leaders of the attacked nation would have to
predict the extent of nuclear winter effects created by
the first strike on their territory {(and that of other
countries, including their allies) and then calculate a

response that would not lead to further devaatation of
their own country.

o Maintenance of a credible deterrent may require
consideration of potential nucle:¢ winter effects in
designing limited nuclear attack options ts achieve
political objectives and war termination ahort of
full-scale conflict.

S e Targeting

. ~ o The U.S. could identify, categorize and set
priorities for military targets baased on their smoke
and duat creating potential and their colocation with
, such areas (especially citiesa). J.S. nuclear weapons
L systems and current plans for their use could be

evaluated for their smoke and dust creating potential
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and’ :oq&itemont for future we§ponry cmld be
established following a reassessment of argeting
strategies based on the nuclear winter findings.

C3I and Damage Assessment

‘o0 Atmospheric opacity caused by the injertion of
smoke and dust into the upper atmosphere, evmr if it
d4id not result in a temperature depression, might
interfere - with - damage assessment and <coplicate
attempts to control aescalation and to tersinate a
nuclear wvar.

o A decapitating attack may be viewed sn miti-
gating the magnitude and duration of nuclesr winter
effects, and thus be more attractive, aus  the
poasibility of nuclear winter may increase dmentivea
for both the. Soviet Union and the United Smtes to
develop and build more -enduring .command, aontrol,
communications  and intelligence (C31) systess that

- could survive a decapitation strike,

R&D and Porce Modernization 4 hidd

o The possibility of nuclear winter sugests a
hedge position in ‘which = systems with loms~yield,
highly-accurate warheads are preferable. Shosid the
U.S. .seek to minimize the magnitude of global
atmospheric and <climatic effects in the emnt of

‘nuclear conflict, R&D and force mocdernization grograns
“could focus on other means -of limiting £ires and
. .collateral = damage. = This  could include earth-
penetrating warheads and "smart® conventicnal weapons
for tactical. theater and strategic misaions.

o Reconsideration might be given to funire de-
velopment and deployment of high-yield  sirategic
systems which are more 1likely to contribute to the

- creation of a severe global nuclear winter (dspending
on how they are used) than lower-yield weaponas.

Strategic Defense Systems

o Attrition of attacking nuclear warhead:r by a
defense system could reduce the likellhood that a
nuclear exchange would trigger & nuclear winter, A
nation that  successfully defended itself againat
nuclear attack with a strategic defense systwmm could
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nevertheless create global nuclear winter effects by
"launching a retaliatory strike, particularly if the
adversary did not have a esimilar ablility to destroy the
attacking nuclear warheads.

o Por a nation facing a less tha: 100% effective
strategic defense system, the unpredictable poseibility
of creating severe nuclear winter effects would in-
crease the risks of launching a preemptive strike. The
attacker might seek to overwhelm the defense asyatem by
launching vast numbers of warheads, but a greater
number of warheads might penetrate the Cefensive system
than the attacker anticipated, thus increasing the
possibility that severe nuclear winter effects would
result from the strike.

o Obscurance resulting from smoke and dust in the
upper atmosphere could reduce defense effectivenass
after the initial stages of conflict by . interfering
with optical sensors and other wmeans of target
acquisition as well as guidance systema.

Arms Control

o A U.S. arms control approach that sought to
shape the arsenals of both sides to minimize nuclear
winter effects might be unsuccessful {f the Soviet
Union did not also seek to do sc, Bven if Moscow and
Washington shared concern about the possibility of
nuclear winter and were willing to drastically reduce
their nuclear arsenals, they could not eliminate the
possibility of nuclear winter solely by setting limits
on the size of their arsenals. Since the severity of
potential nuclear winter effects would be determined by

‘ such criteria as warhead yields, height of burst and
- smoke and dust creating potential of target areas as
--well as by the number of warheads detonated, efforts to

reduce the possibility of nuclear winter might have to
include targeting restrictions, controls on fusing
option and warhead vyield limitations--which are
unlikely subjects for bilateral discusaions much less
negotiations.

; -0 As an adjunct to reneved arms control negotia-
tiona, discussions between the United States and the
Soviet Union--in a “"subcommission on nuclear winter
effects,” for example--could be useful to explore
Soviet thinking on the subject of nuclear winter.

vi
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U.S. and Soviet Perceptions of Nuclear Winter

OTSome analysts have suggested that the U.S. could

face a situation in which U.S.=-~but not Soviet--lesaderas

waerae convinced that nuclear winter wvas a serious
possibility. It is doubtful, however, that eciemtific
evidence that was sufficiently compelling to persuade
the United States Government to redesign U.S. limited
nuclear options to minimize nuclear winter eaffects
would not also be compelling to the Soviet leadership.
On the other hand, it is possible that an assymetry in
political pressure for change could develop.

-0 The nuclear winter findings wmay present an
opportunity for the United States to redefins the
U.S.=30viet strategic balance. -~ The Soviets aight
perceive the U.S. to be developing credible limited
nuclear options that would give the U.S. a strategic
advantage. The Soviets could feel compelled to begin a
new round of modernization of their forces, emphasizing
more accurate, lower yield warheads and more flexible
delivery systems such as small, single-~warhead ICBMs.
This  re-evaluation could place the Sovieta at a
perceived disadvantage despite their massive military
buildup of the 1last decade. It could also provide
additional = incentives for the  Sovietsa te  seek
negotiated arms reductions to 1limit or prevent
development of U.S. strategic advantages,

i Nucledr Proliferation

o Nuclear winter findings c¢ould increase the
urgency for preventing the further proliferation of
nuclear weapons if future research c¢oncludes that
significant atmospheric and climatic effects could
result from a very small number (tens, rather than
“hundreds or thousands) of nuclear detonations over
- target areas of high smoke and dust creating potential.

Civil Defense

o The nuclear winter findings suggest that the
‘post-war environment may become increasingly hostile to
survivoras for a prolonged period--weeks, or even months
following a nuclear attack. The regquirementa for
sheltering, feeding and otherwise caring for survivors
of a nuclear conflict faced with a nuclear winter would
be - far mora  extensive than those anticipated under

vii
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cutrdnt“civii‘defenee pléué which focus on protetiing

_the population from the initial blast, fire and

fallout of a nuclear attack. Necessary preparatiome to

‘enable the population to cope with worst case nuclearc

winter conditions might involve the peaceiine

‘expenditure of an unacceptably high level of resourzes.

0 U.8. c¢ivil defense planning might be furiher

- complicated by the prospect of a nuclear winter

resulting from a nuclear conflict on foreign tercikory

without the United States sustaining direct damage. 1In
- this case, there would be no immediate victims of klaat

or radiation to be cared for, and the economslic and

social infrastructure, including industrial production

and  medical services, would have remained intact

inicially. Prospecte for aurvival  under these

conditions might be greatly enhanced by advance xivil

defense planning and prenarationsa.

‘Although the nuclear winter findings to date may net warrant
raevision of the basic‘U.S. approach to nuclear strategy, planning
and arms control, the possibility of nuclear winter effects
raises many important technical and policy iasues and gusstions.
‘Some af these»issues and questions cannot be fully considared ‘
without further écientific 1nvestigation.‘ Others call dor
'teéhnical asseésment by the Department of Defense, and may
.véntually require policy decisions. Sectiod 3 of,this geport
‘ta£a¢a~aom§ questions for further reseatch in‘the areas of:
detecrance and warplanning, targeting, C3I and démage assessment,
strategic defense systems, weapons research and developsent, drms
control and civil defense, The report concludes with ar appendix
 ot‘con£e:ence3 and activities concerning nuclear winter and a

bibliography.
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 PREPACB

This report was prepared by Palomar Corporation for the
Defense Nuclear Agency. It explores potential implications of
naw egcientific findings concerning potential long-ters
atmospheric, climatic and biological effects of nuclear war,
commonly referred to as “"nuclear winter." There are many
uncertainties about the nuclear winter findings that aze
-currently the subject of scientific investigations. Hasverthe-
leas, it is assumed for this analysis that nuclear winier ia a
posaible or probable outcome of nuclear conflict. Thim study is
one of many policy and acientific investigations of nucliear
winter currently being conducted.

One of the paradoxes of the nuclear age~-and of U.S.
strategic policy as it has developed over the last four decadeg—~
has been the perceived need to be able to use nuclear meapons to
engure that a nuclear war never occurs., On the one hamd, U.S.
leaders have feared that any use of nuclear weapons cosid lead to
an all-out nuclear war that would threaten the survivai of the
United States and much of the rest of the world. On the other
hand, they have believed that to prevent nuclear war the U.S.
needed credible options for use of nuclear weapons to @ater
aggression and to terminate a nuclear conflict at the lowest
possible level of destruction. Many U.S. policymakers have
believed that the actual use of nuclear weapons would be
inconceivable unless the survival of the United States or its
allies was at stake.

This paradox is inherent in this analysis. The nsclear
winter findings provide further evidence of tne catastrophic
nature of nuclear war and should reinforce determination to avoid
nuclear conflict and to seek control of nuclear arms., At the
same time, deterrence of nuclear war is believed to rest largely
on an ability of the U.S. to respond to a range of serious
threats. Consideration is given herein to the possibility tha.
maintenance of a credible deterrent posture by the United Stateas
may require reevaluation of U.S. plans for limited use of nuclear
weapons to account for possible nuclear winter effects. Current
“limited nuclear options deemed essential for deterrence may not
remain credible if they could result in a severe nuclear winter
that threatened the survival of the United States~-eves if no
nuclear weapons exploded on U.S. territory. The redesigning of
U.S. nuclear options to maintain the credibility of deterrence by
minimizing nuclear winter effects-~which is explored in this
report--would not necessarcily reduce the risks of escalation to
" all-out nuclear war nor make the use of even a limited number of
nuclear weapons any less horrific.

The views, opinions, and findings contained in this report are
those of the authors and should not be construed as =2n official
Department of Defense or Defense Huclear Agency positiwon, policy,
or decision.
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 SECTION 1
INTRODUCTION

Thg daatructiée effects of nuclear wat resulting from blast,
heat and radiation have long been recognized as catastrephic,
; Bntii recently, however, the scientitic and defense communities
havekincoaplétely addressed the ldng-tetm atmospharic and
‘climatic effects of masaive injections into the #roposphere andy
loﬁer str#tosphere (upper atmosphere) of dust ani particularly
smoke and scot produced by fires resulting from muclear
rdatonaiions. The wmost prominent investigation of these
effects—-"Global Atmospheric Consequences of Huciaaf War® by
inrco) Toon, Ackerman, Pollick and Sagan (TTAPS)sy released in
Bovénbe: 1983—-conc1ddéd that blocking §£ sunligtt and resultant

"subfreezing continental land temperatures may be caused by fine

- Qust raised in highfyield nuclear surface burstsg‘and by smoke

'..".,' ST . . e T e .u;v Ty B g S IR e N N N e P
‘ - Ry ™ & o
. ."-. MK -'* W u" £ P EW - *¢¢.

?ﬁmﬁnfmfh’sfﬁk&luflih?uﬂ

: genératod in city and forest fires ignited by airbursts of all
‘yields.‘ ‘These effects, the TTAPS study cdncludad, could have ‘
seéete‘bioioqiéal and environmental consequences, and in the
Qétst case could threaten the survival of human and’othet

' §pc¢ie$."The scientists also céncluded,tha: suchk extrese
consequences could result from a relatively smali-scale nuclear
é@r,"evea at the Ievel‘ot 100-1,000 megatons.' These TTAPS
findingas have formed the baais of what is now referred to as the

*"nuclear winter® thesis. [1]
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rhia rcport cxaninca tht pctential inplicationa for the

:noyar:-ont of Do!onao of tho TTAPS atudy. -In Part I, this

~-.ction. ve auanatizo the nuclear winter thesis and note the

significant uncertainties pointed out by the TTAPS authors as

well as by other scientists and defense anaiysts; InkSeétion 2 we

" explore some of theyiaplicationé of the nuclear winter thesis for

deterrence, aétatogy. targeting, command, contrel, communications

and intelligence (c31), research and~deve169ment‘and force

-odotniiétion.'Anti?ballistic missile systems, arms control,

nuclear proliferation and civil defense. We‘alsd discuss the

relevance of these implicaﬁions for various scenarios of nuclear

‘u.apona use. In‘addition; wé éxamine thé potehtial impact of

nuclear winter on U.S. and Soviet perceptions, In Section 3, we

‘auggest scientific, technical and policy questiona for further
"consideration. ?inally, this report includes an appendix 1iating‘

"contarcncea. atudiaa,‘articles and other activities concerning

nuclear wintat and a bibliography.

The Nuclear Winter Thesis

The TTKPS“atudy used unclassified data and hypothetical

: ‘huclear exchange scenarioas to study the optical'And climatic

effects of dust and smoke generated as a result of nuclear war.
The scenarios ranged from limited to large—scalé attacks and
included counterforce and countervalue strikes. ‘COmpu;er models

for the amount and vertical distribution of amcke and dust and
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consequent climatic effects were run and analyzed for these

,”sceuarios. According to the TTAPS report, “for mmwny simulated

oichanges of several thousand megatons, in which Both duat and
sncke are generated and encircle the sarth withim 1-2 weeks,

average light lsvels can be reduced to a few perwsnt of amblent

“and land temperature minima reach approximately ~15 to «25

degrees C. Significant effects typically would last for weeks to
honths. during which time the smoke and dust can apread over much
of tha g1obe.' [2] | |
Thé,b;aeline case adopted for the sﬁudy was & 5000 megaton
exchange with 20 percent of the explosive power {yield) detonated
over urban or industrial targets in the Northern Hemisphere. The

exploasive power in other scenarios modelled rangsl from 100 to

" over 10,000 megatons. The 1l0C megaton scenario pusited the de-
tonétion of 1,000 warheads of 100 kilotons each wrer 1,000 urban

~or industrial tatgets. The TTAPS study concluded that even this

low level scenatiofof nuclear weapgns'usé—-if employed against
targét areaa’of high smoke and duat créating potential--could
prqduée 'major‘optical and élimatic consequences.”

For each nuclear war scenario, the scientists calculated the
quantity/and verticalydistributicn nf dust and smoke generated

and £njected into the upper atmosphere, the elapzed time these

: particulates remained in the upper atmosphere, th: amount of

sunlight absorbed and scattered by the dust and mmoke, the

resultant temperature change, the extent of radimactive fallout
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"over tine, and thn amount ot ultraviolet 1;qh: that reached :ho

surtaca after the dust and smokn soctlod.
After assesaing the results ot the TTAPS study &nd other
reports presented at the "World After Nuclear Har Conference,"*

held in Washington, DC, October 31 and November Ls 1983. the

conferases major conclusiona were:

o - fire, smoke, and dust could‘posé major problema with
serious and unantlcipated long~tern envircnmental

conseqmnces

a hatab nuclear wintar could prevail vhose unbroken
pall of darkness would cover the Northern Hamisphere
and whose effects on the Socthern Hemiaphere would be
greater than previocusly assunmed

éven'siail nuclear éxchangés could trigger severs
long-term climatic effects ,

exposure to,raaioactive fallout could prove worse than
previous studies had indicated ,

o0 while there would be no "Ice Age,v the ccsans co&ld
‘not ptavide eignificant relief by warmiﬁq the planet

- -ozone depletion would increase expoaura Tor ultraviol&:
light {UY-B) S = ,
Technical Uncertainties in the Nuclear Winter Thesis

 Since the publication of the TTAPS study, some sclentists

‘have quest1oneé the magnitude df the predicted effects, because

of uncertainties about specific phenomenclogical parameter values

used and the assumed uniformity of the smoke and dust cloud cover
that would obascure sunlight. [3] They have assarted that the
TTAPS study ovetestimé:ed the guantity of smoke that would ba

generated by fires resulting from nuclear explosicans and the
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altitude to which the smoke and dust would rise. A major study
’by,a’ccinittco b!ﬂthi National Academy of Sciences {ahs),k
conuissioncd by;thd‘Dctcnsé Nuclear Agency, confirmed the
‘poaaibility that a large-scale nu:clear exchange could have severe
atnospheric and climatic consequencea; [4] The committee, which
released 1ta‘£indihg§ in December 1984, cbncluded that "although
there are enormous uncertainties involvad in the calculations, |
the committee believes that long-term climatic effects with

. severe inpliéatidha for the biosphere coculd occur, and these
effects should‘bé incldded in any analysis of the consequences of
nuclear wat; However, the committee cannot subscribe with con=
‘fidence to any specific quantitative conclusions drawn from
calculations bésed on current scientific knowledge. The
’ostimates ;te'neceasarily rough §hd can only be used as a genetai
indicaticn of the seriousness of what might occur.® ;

"f The rTAPS and NAS atudies and other scientific papers have
;pointed to unknowns and uncertainties in many variables and
iphinouena that will affect the magnitude and duration of at-

: nosphoric and envitonmental effects that could result from a

nuclear war, These uncertainties include:

o the area of urban and forest fires that would be ignited
. by nuclear detonations

‘, o the amount of smoke and goot produced by these fires

o the vartical distribution of smoke and dust lofted into
the upper atmosphere

© the rapidity and uniformities of spreading smoke and dust
in the atmosphere
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o the residance times for inoke and dust iafﬁh%

- atmosphere ~

o how'tho‘saakc and duast alter the radiation ®mlance
of the atmosphere (light absorption and scattering
characteristics of the particulatea)

o how the altered radiation balance "feeds back” and
alters normal circulation of the atmosphere

o how long‘atter tho initial nuclear expiosions before

- nuclear winter effects, if any, begin to ocwtur.
'?criablos Dependent on Mar Scenarios
} Not only aio th§r¢ aignificant technical unceritainties about
the injection of Smoka'and dust into the upper atmosphere as a
“regult of nuclear explosions, thexe are also many senario-
dependent variables of huclear war, which would detsrmine the
ﬁnrticularyéhatacter inclhding the magnitude of nucilear winter
;ttccts.’ Thqa§ variables include but are not limitsd to:

o total yield {megatonnage) and number of nuclzar warheads
datonated and length of time between detonations

o kathead'yielda'and modes of detonation (subsirface,
. surface, near-surface or air burst)

‘o<nhoke and dust creating potential of target mreas‘
”;o th¢,distance between detonatioﬁs |
,6 prévailing atmospheric conditions and the sexson
in which a nuclear war occurs
A chahge in one br'mote of‘these key variables will affect
the nature and extent of the fires created and the amount of dust
and smoke injected into the upper atmospghere. Therxfore, the

total yield of nuclear weapons used is a less precize indicator
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of nuclear winter obscﬁrction effects than the smoke and dust
potential of the ta:gest areas attacked, the yield of the warheads
assigned to the targets and the modes of dn:onﬁticn of those
warheads. A low-yield warhead detonated over a city, for
example, will more likely contribute to producing a nuclear
winter than a higher-yield warhead detcnated over a desart or at

Assumptiocns for this Study and Definition of Terms
Por purposes of analysis, we have assumed that a nuclear
winter as‘doacttbod in the TTAPS study is posaible alter some
- level of nuclcir weapons use, and that the magnitude and duration
’ot a nuclear winter would be dependent on the nuclear war
’sc.nario. We have used the term “nuclear winter efiac:a"to
"‘:Qtor to all'thd potential atmospheric and climatic phenomena
described below that could result from a nuclear war. 1In
dncly:inq the implications of nuclear winter, we have focused
primarily on a continuum of nuclear winter effects, but w§ have
- also examined tho‘posaibility of a sharp-—-and potentially-=
| quantxtiable--thteshold‘bolov’uhich there would be wirtually no
nuclear winter effects and above which these phenomsna would

occur in their most severe forms.

..‘
#

v,
b,
o

The TTAPS authors initially suggested that there may be a

v it |
ML

yield threshold above which a severe nuclear winter would occur. T
»>*

f5] This thresheld, they concluded, could be as low as 100 Zggﬁ
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 nogatohn‘dotonat.d over 1000 urban/industrial :arguts.

"Thc‘notion of a nuclear winter "threshold® has been
queationéd by many séientists. however, who assert that there is
a'gtoatcr likelihood of a continuum of atrospheric aad‘climatic
effects resulting from nuclear detorations. [6] At one end of
the continuum would be relatively low accumulation and patchy
diattibuiion'ot smoko’and dust in the upper atmosphere. Whether
‘or not this initial‘accumﬁlation of dust and smoke causes the

' tbnp&taturt depression charactsristic of nuclear winter, it could
still have implications for U.S. auclear stratagy an& planning as
will be analyzed in Section 2. At points further along the con-
tinuunm thotokwould be a greater accumulation and spreadiang of
dust and smoke in the‘npper;atmésphere which could result in a
more uniform cloud cover and obscuration of sunlight and in
ahort-ierm temperature depresaion of a few degrees and*régional
quick frosts. ‘rhoac,ittectu would worasen at points along the
continuunm, and‘a:>tho tgt end thoté uouid ba extrema effects,
includ;nq‘thé torﬁation of a global blaﬁkat of smoke and dust
creating near-~total darkness, that could result in lﬁng-term
teﬁperatute drops on the orderxr of 15-25 degqrees Centigrade.
Withiﬁ the spectrum of cases the atmospheric and climatic effects
‘couid pro&uce va:yinq degrees of darknesas and cold that could
1ast'£or days, weeks or months,

if only a very high level of nuclear weapons use would cause

severe nuclear winter effects, then the implications of these
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‘phihdmenakmay not. be v&éy ;igntﬁicaﬁt. kn all-out U.sQ«sgvict

- general hucloat war is likely to create such vaat’nho:t-:cvu
destruction and loss Jt life that the long~term atmocapheric and
climatic effects--whether mild or severe--would be of relatively
little consequence for planning purposes. It would be yet
another £actor making a masaive U.S.-~Soviet nuclasar exchange
‘*"unthinkable.®” Nuclear winter would have more significant
implicatioha :ot U.S. policy, however, if some--but not all--

';1in£ted nuclear attacks could result in nuclear winter effects.
This would be the case whecher ﬁuslear winter effecta were a
rcaﬁlt of crossing a threshold or =moving along a eag&inuum of
effects. The credibility of U.S. deterrence could ba sub-
-stantially weakened if U.S. oﬁtione for limited uwme of nuclear
© weapons were perceived as likely to create severe nuclear winter
| effects, and‘thus not likely to be used--even in an extreme

: ctisis. " Since the nuclear winter effects of a particular limited

~~ndc10ar option would be determined by the number of warheads

uacd,-the yie1ds and modes of detonation of those wuasheads, the g:sgf”
) ’ . . ) : ;‘,4“.‘:.‘ )
targets attacked and cother factors, the credibility of deterrence i$$3§§;

T NG

might be restored by redes;gning limited nuclear options that
would minimize nuclear winter effects. In Section 2 of this

report, vwe will aséess‘the‘implicatidns of poasivle nuclear

winter effects ptoduced by limited nuclear attacks asd measures

that could be taken should the U,.S. seek to mitigate those
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If a very lovw nuclear winter threshold were éatablishcd.
wany if not all limited nuclear attack options might no longer be
credible. In this case, nuclear winter could b;come another
significant factor contributing to nuclear daeterrence,
particularly if the deiets also accépted this threshold~-and the
limits it placed on their ability to use nuclear weapons. To
minimize the posaibility of nuclear winter, neither side could
blan to use more than a few; if any, nuclear weapons against
smoke and dust creating target areas. For purposes of analysis,
we have examined the gossibilitk that the use of a very samall
number of nuclear weapons--tens, not hundreds or thoueandaQ-could
result in nuclear winter effects. ﬁowever, published research
findings of the TTAPS authors and the National Academy of
Sciences do not consider the potential nuclear winter effects of

”waconarios ihvolving such a small number of nuclear detonations.
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 SECTION 2

POTENTIAL NATIONAL SECURITY IMPLICATIONS OF NUCLEAR HINTBR 

Potential auclear winter effects cteate additional un-.
certainties for national leaders and nuclear strategiasts and
further complicate calculations of deﬁetranco.

The current arsanals‘of both nations already have esufficient
second-strike capability to inflict damage on a scale that
credibly threatens the survival of the attacker--althocugh a
’cocrcive attack by the Soviets is still a worrisome threat
 acenaric. Tne additional threat of global nuclear winter~-which
thcffTAPs‘and‘other studies suggest is already likely to reshlt
from such a massive nuclear exchange~--would probably not be
considered necessary for deterrence of an all-oﬁt attack. The
declaredrpolicy of the United States has been to seek credible
~ options £orylower‘levels of nuclear weapona use to strengthan

‘6v¢tali deterrence, including exteﬁded detatrencé for our HNATO
'kﬁnd'other allies. While any use éf nuclear weapons has been’
viewed as extremely dangerous, credible limited options for use
of nuclear weapons even Against Soviet targets have been per-
ceived aé necessary to maintain deterrence. It is the contention
herein’that nuclear options that result in significant nuclear
vinter effects may be less credible and thus weaken detetrence.
{71 | ;

It should be noted that we have not focused on the

alternative of maximizing nuclear winter effects to enhance
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:dltﬁt?.ﬁ¢‘.  Hhiib the ﬁﬁ#nuifbt doinéfso are‘relativéa? se1£4‘ky’  ”\‘“H
;ovidtnt 1: the TTAPS thocry ic corrcct, it is unlikaly that
either thc United States or the Soviet Union would plan to
maximize the nuclear vintct ctfacts of their attack optiong~=-
altheugh,a smaller nuclbﬁr power might. Nor would eitier power
seek to maximize the nucxear winter ettects of attacks on its own
terricoty-by placing likoly tarqcts auch as ICBHs in<ritiaa, for
oxanplc.

This scction Qxaninae some of the potential implizations ot
the nuclear wintcr findings fot‘ nuclear strategy andféatetrence'
targq;ing atrategy and selection; nuclear command, comtrol,
communications and intelligence (C3I); fututé research and
‘devtlapnoh: and force modernization programs; strategic defense
aysteas* civil detenae planning, arms control assumptimns and

fapproaches. and ctiaia stability.

uucln‘r wnapon- Policy- s:rategy and Dctotrenco

‘E  The pousibility of nucloar winter effects suggest@ that  :

_é i'nntnal assured dostruction' could be a likely outcome of even'a:
1arqc;y onc-aid.d nuclear oxch&ngc. xi‘we asaﬁme that the
AtaosphctXc ctfccta could sproad throughout the globe and that
therctarq :he attects af a nuclear attack could threatnn the
survival ot all utatts. an az:zckiaq nation could be eﬁfectively
destroved by its own nuclear ﬁﬁﬁg@ﬁa; even if there wem little

or no nuclear retaliacion by the attacked state or its allies.
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Although a -aall-acale uso ot nuclear wwapona may ‘not craate
devastating nuclear winter, an attack by the U. S. or the SOViot
Union aimed at preempting the other side's nuclear forces would
reqguire a autticioﬁtly large~acale use of nuclear weapoms that it
could produce severe global atmospherir and climatic effacts.
Thus, a first-strike which effectively destroyed an advsrsary's
retaliatory forces might represent a Pyrthic victory for the
attacker. ’

U.S. deterrence policy has long been premised on thke nétion
that nuclear forces must be able to survive a first strike and
inflict unacceptable damage on the attacker in retaliaticn. The
posaibility of nuclear win:et-—especiaily if it is determined
that the scale of an attack necessary to preempt either side's
offensive nuclear forces would create« such effects--could reddce
:bdth the operational and perceivod significance of some strategic
;vulnetabilitiaa. 'Por example, the theoretical ability to pre-
§np;ivalf destroy an adversary's land-based ICBMs might be iésa
likely to weaken deterrence if this advantage appeared Jless
exploitable becausé of the additional uncertainties and dangers
of a nuclear winter. Even leaders of a nétion with an effective
ABM system might be self-deterred from launching a preemptive
strike in a crisis for fear of triggering a nuclear wibter.

Concern about nuclear winter could increase the
'uncertainties confronting decision makers in a crisis. This

concern could reduce incentives to initiate use of nuclear

13
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wtnponl £or £¢ar~ct;¢sca1¢tion to a 1.val of ccnflict at which
lbotc—torm advnntagen gainod through nuclcar strikes night be
negated by lonq-torm ‘nuclear winter effects. ’

The possibility of nuclear winter effectsz also create. new
difficulties for the nation considering retaliation for a nuclear
first strike. The leaders of’the attacked nation would have to
assess the extent of nuclear winter effects created by the first
strike on’theit territory (and that of other countries, including
their ;llies) and then calculate a reaponse‘that would not
exacerbate these effects and further devastate their own country.
Theoraetically, 1f there were a quantifiable threshold for ﬁuclear'

' winter~-below which there weze few effecta and above which a
severe nuclear winter would be created-—-then the attacker could
calculate the initial strike to be juat below that thresﬁold.
che victinm, assuming knowledge of the threshold,‘would then face
suicida if it retaliated and the acnacxing nation cculd emerge
having achieved its war aims. '_ ‘ ‘

Not only would such a strategy'be very high risk, but it is
unlikely that a threshold could be preciszely calculated or that
nuclear winter e:feéts could be carefully controlled in carrying
out a first strike. Moreover, the attacked nation would atcill
have retaliatory options such as use of low—yield'warheads
against ﬁatget areas of low smoke and dust creating potential.
The attacking nation could nevér be certain that its adversary

would be self-deterred from retaliating, although it might

14
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7f:ca1culate that the victim would not riak 9ha severe atnoaphoric

‘fand clinatic conscqucnces ot 'uaasivc rctaliation.

- that the threat of a nuclear vinter existed at a certain level of

~If both the United States and the Soviet Union perceived

. magnitude of nuclear weapons use, prospects for intra-var

' escalation control could be enhanced. After an initial limited

nuclear weapons use, one or both nations might be self-deterred

from escalation to a larger-scale exchange. The caution

 exercised by leaders on both sides might increase prospects for

‘negotiatiﬁg war termination. [8]

~Extoudad D.tarrcnco

~The U.S. and the European SATO powers have lonag streased

‘,‘dittercnt,inplications of the Alliance's "flexible response®

‘sttategy.‘ rar the U. S., flexible response has implied responding

“;to SOviet aggrassion at any level of conflict while allowing for

"i ?’th‘ possibility of prevanting escalation from conventional war to

':hd uao‘ot tnctiéal nuclear weapoha, from use of tactical to

thcatc: nuclear weapons, and finally to use of strategic nuclear

£o:ces against the U.S. and Soviet hcm@landa. For Europe,

tloxiblo raaponae has implied deterrence by threat of rapid

‘ca¢a1atian to use of nuclear weapons,'thuu rulxng out the

possibility of a major U.S.~-Soviet war confined to European
territory. At the same time, Buropeans have exprassed concern

that U.S.-Soviet parity in strategic weapons has both weakened
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ﬁ?'the"'cenpling‘ ofrU.S.fstretegic forces to Earopean'defense and.

increased the poseibility that the U.S. would seek to limit a
1 eontliet to the Buropeen theater should deterrence fail.
: Assessments of nuclear winter phenomenayare not likely to
lead to reeolutionvef these basic dilemmas of U.S. extended
~ deterrence for Europe. AOn the one hand, it might‘be determined
‘thetklarge-ecaleruse of nueleer weapons ir Enrbpe would create
nuclear winter effects and leave the U S. and the Soviet Union
without a meaningful honeland ‘sanctuary. This wnula eeem to
’strengthen'the link between U,S. and European security by sub-
stantially decreaeing the possibility that the U.S. and‘the
SOViet Union could eacape devastation by’confining a nuclear war
to Europe; Oon the other‘hand. this link could be weakened if’it
ﬁere perceived'thet both . S.kand Soviet leaders wculd fear the
J‘possibility of creating a nuclear winter in the event of contlict
;”;in Burope. and thus they would seek to prevent escalation beyond
’the use of battlefield tactical nuclear weapona-auch a tactical
"nuclear conflict could have potentially catastrcpbic effects for
Europe without trxggering a global nuclear winter. This per-
ception conld undermine the credibility of the U.S. nuclear
umbrella over Europe. At the same time, this could enceurage the
;perception in the Soviet Union that an attack on Western Europe
would not necessarily escalate te a atrategzc exchange with the-

United States.

L

e PP
J;i KON
J’E’~ cohinl e ghed

R

£

AN
X

{3

e,

B3

16

».
v‘.
.
b}

N A A N AR T R A PR RN AN e
4* ‘}\._ IR MO AT AN i, -.: - :'.§-“" ANy 2600 f\.r‘*: SR ‘::: ';"q R

”'-

%, - ( ‘
l\g . '“}‘F\n,"k’.hf.b‘}.k!‘*?.n';s&‘ A ) ‘*’ "'La".» u\p“lu&.’f AT A R A

\, e ) . . Vo " -

hi
e
o - ¥,

A Y -“..: "‘1 pEL I JCARY




"'!atgcting

" As noted earliet, the total megatonnage of a nuclear
- exchange is not the scle, or even the primary variable de-
ternininq the«ﬁagniﬁudo of nuclear winter effects. Rather, the
snoke ‘and dust production potentlal of the target areas and the
yields and heightas of burst of individuhl warheads are iikely the
key variables. Thus, targeting Qtrategie# for nuclear attack
VOptiohs are of critical importance in assessing the potential for
creating a,huclear winter. ﬁucleAt,etrategista are likely to
expect that the immediate des:zruction resulting from an all-out
kﬁir would be so Qteat that long-term effects such as nuciear
uinﬁut are of secondary concern. But, potential nuclear winter
effects could be critical in evaluating limited nuclear attack
~options designed to achieve political objectives and war
, ;:¢t-ination short of a full—scale conflict. B
U s. policy bas long been based on the premise that in an"
: extrenc crisis. tho ptesident ahould have egtions other than an
~all-out nucleat atrike against the Soviet Union in response to
agg:ession. If the possibility of nuclear winter effects »
resulting fron even limited nuclear exchanges were considered a
aerious danger, but the president had no means of knowing with
cettainty the nu:laar win:er potcntial of various nuclear attack
‘options. the U S. uiqht be self-deterred in a crisis. The
c:edibility of U.S. deterrence might be further diminished if the

Soviets perceived the U.S. to be self-deterred by fear of
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. on: the fi:e—¢:eating effects of ylelds and altitudss ot‘butst of

‘potontial.

~options should be toruulat¢d~td minimize nuclear winter effects,

' u;s. nuclcar p1annets could explore the posaibilitﬁas cof dew

) whéther critical Soviet assets could be held at risk without
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surrounding area, which could include & city. Alaz, a data base

Soviet Union. A detailed analysis would be required to deterzine

creaﬁiné a nucloaf ﬁinteré-cqucialiy it Soviﬁtylﬁﬁﬂtfs
themselves wqrtynot d§torrod by auch cénccrnn,

At present, in detailed attack planning, U.S. planners do
not considet‘thé smoke and dust creating potentials of given
target types or of the particular warheads to be defonated at
specific altitude# over those targets. There is = Aata baéo or
analysis methodology for assessing thase potentialz., Such a data
base would have to include the smoke and dust crealing potential,

fuel loading, and many other factors of both the target and its

different U.S. nuclear weapona.is currently not aveilable.
Hithdut such data bases, limited, or any cther nuclear attack

options could not be evaluated for their nuclear winter-creating

If it wprc‘dctetnincd that nuclear weapons employment

giqning limited nuclear attack 6ptiona to minimize the

atnoSphericyand climatic effects of attack options while

maximizing the potential of achieving policy goals vis-a-vis the

designating high smoke and dust creating target arsas. Criteria

calling for minimizing nuclear winter effects might require &
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a réécéaluation o£1attack optidna against varidué classes 62

targets. ) kS |
Bééed on these conaiderations, the UL.S. could potentially

identify, categorize and set priorities for military targets
based on their smoke and dust production potential and their
collocations vith sources of smoke and dust. 1In addition, U.S.
nucle§r~we§pons systéma and current plans for their use could be
evaluated for their tire-creéting potential (for example,
Minuteman III warheads and planned modes of detonation over
specific targets). This would enable reconsideration of which
weapons should be designated against specific targets and the
altitude of detonation. It might also make possible placing the
highest smoke and dbst producing target areas--such as cities--in
withhold categories. Finally, tequireménts for future weaponry
’could be estabiished following a reassessmer’ .. targeting

’,atiatégiés based on the nucieat wiutif .andings. To’ainimizc
poc?ntial‘nnclea: winter effacts, tét cxampie. small-yield,
ﬁighly accurate nuclear wa:haéds, oarfh-penetrating ua:hoada, and‘

‘conventional watheada could be reserved for use against strategic

tachts. Any reaction to mitigate perceived nuclear winter

ot:octa wou1d have to be evaluated alao in terms of its perceived
- and §ctua1 effect on deterrence. Ahy response that wéa judged to

have a degrading effect on deterrenée wbuld have io be balanced |

. against the perceived benefits.
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) ¢31 ‘and Damage Assesssment
As noted in the introduction to this report, nuclear
" strateagy also could be complicated by the short-dmrm ‘atmospheric
.effects of nucléar dctonations. The injection of amoke and dust
into the upper atmosphere and its retention and Hspersion, even
{if it did not result in temperature depression, «mld complicate’
attu‘:pta‘to control escalation and to terminate :a nuclear war.
Controlling eﬁcalation and achieving war temination are
dependent in large part on accurate and timely dmsage assessnents
and effective control of U.S. nuclear forces. US55 means for
intelligence collection, after nuclear weapons usw, however, may
be susceptible to greater <2egradation thah, previmsly expected
b.éausc of the atmospheric opacity caused by the inhjection of
massive quantitics of smoke and soot. At the same time, Soviet
"‘deéapi.‘tation" stiik¢§ ag"ainst U.S. C3I systems omuld disrupt
,coptfol' of U.S. duclea: forces. = Such 'diatuption agoirld prevent a
coantrolled u.sk.’ response f{or war ter-ination‘ at sa level of

fuclear weapons use below that which would create severe nuclear

winter effects.
The nuclear winter phenomena could influence but not resclve
the strategic debate over whether or not to preemt C3I systems
in a nuclear conflict. On the oﬁu. hand, it would appear
desirable to avoid targeting C3I assets so the ledership of each
‘comﬁtty could maintain control of its nuclear wemons to prevent

launch and retain the option of seeking war termivation through

20
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direct contact with the adversary. On the ctaer hand, fear of
nuclear winter could create an incentive to launch a decapitation
 strike uqlinat C31 amsets rather than against offenaive systens,
A C3I attack might be perceived as offering the possibility of
preventing the launch of the adversary's nuclear forces without
having to dcnttoy all of ita nuclear delivery vehicles. A C3I
strike could require oanly a fraction of the number of warheads
necessary for a counterforce attack and thus could mitigate
‘potential nuclear winter effects. A nuclear decapitation strike
would be pcrcoivcd as extremely dangerous under almost any
circumatances, and presusably would be considered only in extrewma
cases~—vhen the risks of not taking such action are judged to be
~sven greater than risks of acting. Such a decapitation atrike
might bc'conaidoroé ££ one side believed the other was preparing
to launch a massive first strike. |
- The atndipbasie effects that could lead to a nuclear winter

thus nay‘incrcaa. slcready strong incentives for both the Scviet
Union and the United States to develop and build more enduring
¢31 nyatdla or at least to incorporate nuclear winter phenomena
~4in planning nev systems that could survive a decapitatidn strike.

’ The hardqntﬁg of C3I systems would likely enhance deterrence
and‘étability by reducing confidence that a nuclear decapitation
stttké'uould be asuccessful. If steps were not taken to harden
C3I systems, then concern that these syatems were even more

likely to be attacked mighz lead to adcption of a “launch under

21
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attack® strategy or to delegate launch authority to lower levels
of command. In addition, both sides may seek to develop new
sensor systems that can penetrate atmospheric cpacity to provide

timely and accurate damage assessments.

v Future R&D and Force Modernization

" If future research on nuclear winter leads to a decision to
Lo take steps to minimize the severity of global atmospheric and
climatic effects in the event of nuclear conflict, then an im-

portant area of concern will be force modernization prograams.

The objectivo of such programs wculd be to strengthen deterrence
by maintaining credible lihited nuclear options that would not be
ksoxt-dctatring.
U.S. and Soviaet technolegical developments have made
poisiblc 1ncroasihgly accurate nuclear weapons systems. These
‘7a‘dovelopucnts have reduced thd perceivcd‘yield requirements for
attacking hardened tatgéta. In the future, even greater iuptovo~
ncnts‘in aécuracy should allo# for far smaller yields (10
kilotons or leaé) on some systems, which could further diminish
! ; cqllatetal damage, including titea,‘and consequently the like-
lihood of generating saevere nuclear‘winter effects., In addition,
nna;l. earth~penetrating warheads and Qarheada fused for air or
surface bursts adjusted to minimize the samcke and dust creating
boténtial of their detonations may be assiqned to atrategic

missions.
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’Intoreat may;also be rcintotcod inkrcplaciné nuriear weapons
with 'snaft' cohventional waapons tét’tacnicaly theadmr and
stratcgic missions. Such weapons could includo’higﬁﬂy-accutatc.
long-range cruise missiles and higher-vield conventimsal
explosives.

While the tr&nd in kcapons development has besn toward in-
creased accuracy, warhead yield has also been increamsd on some

- U.S. strategic systems. Consideration might be given to
development and deployment of some lower-yield warheuds, which

| might be less likely to conttibut& to creation of a global
ducioar nuclear winter (depending on how they are usd) than’
higher-yield weapons. The U.S. deterrent posture mirht be
tu:thor’sttongtnened if such lower~-yield warheads wem deployed
on uinglc-vakhead ICBMs to maximize strategic flexihiiity and
minimize potential nuclear winter effects. Por example, 500
warheads on 500 d;livoty'vehicles uould'provide a viler range of
aphiaﬁs tot‘liaiting a&cloa:rstrikcu to minimize nudiear winter
effects ihan Qould 500 warheads on 50 nxthd systems,. since all
ten warheads would have to be used with each firing «f a MIRVed
missile.

~_As noted in the prcvious section, a strategic niclear force

hodctnization program that sought to minimize potential nuclear
wvinter ettécts would include development of a sore mirvivable and
capable C3I. The nationai command authority would mquire

durable wartime damage assessment capabilities to ernure control
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of nuclear veapons use, escalation, and the termination of

conflict without creating global nuclear winter effects.

Strategic Defense Systeus

Although deployment of strategic defense systems wmight be
judged destabilizing as well as extremely expeansive and possibly
in vioclation of ex.!sting arms control treaties, efforts to
dcatroy attaéking nuclear warheads by such defense zystems could
Vtcducc the likelihood of a nuclear exchange triggering a nuclear
winter.,

The ponsibility of creating aevete nuclear winter effacts
would incrcaic the risks of launching a preemptive strike for a
nation facing a less than 100% effective strategic defanse

‘;‘ystel. If the attacking natioh d4id not face possible a:tﬁition
‘of its forces by strategic defenses, the number of warheads
nocelaafy to accomplish its politicai and military goals theo~
rq:ically could be calculated to deternine the likely severity of
‘nuclear winter éttccts created by the attack; especially if a
nﬁclqar‘vintct “threshold”™ had been acientifically identified.
But auch;i calculhtlou would ndt be perceived as reliable by the
attacking nation ttfit were confronted by a strategic defense
systcu/:hat would destroy an uncertain percentage of its
u#:hoads. In an effort to ensure the success of the preemptive
strikc; the attacker might seek to overvhelm the defanse sysatam

by‘launchinq vast numbers cf warheads., If a greater percentage
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-d£~varheads ahccecdedyin banottating the defense system than the“
attackot,anticipatod, the poaaibility of producing severe nuclear
‘winter effects would be increassd. A relatively effective
defense system could also result in a return tc reliance on
attacking soft targets, including cities, for raetaliatory
Atrikes, possibly incro#sing nuclear winter effects.

Current roaoarch‘uhdor the administration's “Strategic
Defense Initiative," ia examining different systems for use
during four different phases of ballistic missile trajectory
(bboat, post—boost, exo-atmospheric and terminal). It has not
yet been determined whether strategic defence sysiems would
contribute to nuclear winter effects if nuclear weapons are used
to duatrdy incoming warheads or if these warheads are fused to
detonate if actacked. The nuzlear winter implications of nuclear
‘ixplosions in space or at extreme altitudes in the atmosphere
have also not been investigated. | g

| sinéc nu¢1car winter effects may develop relatively slowly
as the result of large-scale fires, these effects may havé little
(if Any) consequence for balliaﬁic missile defense in the early
ptagoa‘ot a nuclear exchange. But the obscurance resulting from
smoke ahd dust injected 1ﬁto the upper atmosphere could
'eveutﬁally interfere with optical‘aenac:a and other means of
target acquisition as well as guidance systems and thus reduce

defense system effectiveness.
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whila a © tateqgic Jdefenss system could reduce theilkelihood
or sovdrizy el & puclear wintar, it would offer no préﬁstion
trda its effects once it ocsursed, If there ware a veyy low
threshold for nuclear winter, a nation with a defensivesysten
that was less thon 100% effactive might not be able prauct its
popul. “ion from tho affects of nuclear war produced by@@tona-
tions én its own soil even if a‘vory large percentage d¢f the
attack;ng warheads were desatroyed., In addition, a natia that
successfully defended itself aq&insc ndclear attack with an |
defense system could nevertheless trigger a global nuclwar winter
with itsyrotaliatéty atrike i the adversary did not hxe a
similar ahilicy to daatrof the attacking nucleér‘warheﬁm. [9]
Theocretically, the nation that defended iﬁsalt againstuost of an
attacker's nuclear wveapong could face the posaibi&ity st it;
nuclear to:aliatory atrikg would create the a&verc~gleua’nuclcat
ﬁintcr that it éoughtfta’avoid. Limited fétalia:vry srﬁkgs

could bo designed, however, to sinimize nuclear winter sffects.

Arms CQ#trof ‘

| A U.s;'atgu‘coé:rol approach that aouqht‘ﬁc ahapc&&e“
aréenals of both sides to mirimize nuclear winter sffucs might‘
be unsuccessful if the Soviet Union did not share the gal,
while 50v1§t scientists have publighsd atudies ©of globdl
atmospheric and climatic effectz of ruclear war ihat p&nilel ths

0.%. nuclear winter findings, as yet there is no wvidems that
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be used to explore Soviet thinking on the subject of nuclear

the 30v£et‘pofiticalT;nd aiiit#iy‘ié;écfsﬁip'conai&er nuéliat_

winter a serious planning or operational cdncern. k -
Institutionalized discussions between U.S. and Soviet

officials as an adjunct to renewed arms control negotiations--in

a "subcommission on nuclear weapons effects," for example--could

winter. The results of such discussions could be reflected in
the arms control terms the Soviets were willing to negotiate and
in subsequent Soviet R&D and force modernization programs. It
may not be necessary to await further scientific evidence before
beginning such discussioné.

- Even if Moscow and Washington were wil.ing to drasticaily
reduce their nuclear arsenals, they could . :': eliminate’the
possibility of nuclear winter solely by setting limits on the
nﬁmbar of launchers and warheads., Since the smoke and duat
c:eatiné pdtential of target areas, warhead yields, and height of
bursts are more important criteria than numbers of warheads deto-
nated in creating nuclear winter effects, the efforts of the
two sides could founder on the issues of the size of warheads and
how the weapons would be used. Hypothetically, 100 one-—megaton
warheads used against cities might have the same atmospheric and
climatic effects as 1,000 fifty kiloton warheads used against
leag-combustible targets. Thus, to avoid the possibility of
nuélear winter if both sides used all their weapocns, should thse

agreed upoaa nuclear warheads ceiling--presuming there were no
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;técibgéifoufuarhoad yioié;;ﬁé‘50 °: 5¢0;wiaéonsiapinci?, For
10 pﬁab fifteen ycaﬁi oniy the nunbnrikand chatacteriatiea of
rapons sYsttna and the numbers of warheads on balliatic niaailoi
sve been subject to negotiation. Por the U.S. and the Soviet
s1ion to reach agreement on nuclear arms reductions that would
1arply reduce the possibility of nuclear winter, the two sides
{ght have to negotiate targeting restrictions, controls on
1sing options and warhead-yield limitatioha-—unlﬂkely subiects
sr bilaterai discussions much less negotiaﬁions. Targeting
ad fuaingVOptions'are inherently non-verifiable. Even if there
rre agreed rastrictions, targeting and fusing could be changed
1 flight or in a matter of minutes before launch.

Some unilateral and bilateral measures in arms control might
3 péssible to reduce the likelihcod of severe nuclear winter
ffects should deterrence fail. Conaideratibn could be given to
tgotiatiﬁg reductions of weapons systems with high-yield
nrheaés and‘botﬁ sides could agree to:develép systems less
ikely to éreate severe nuclear winter effects. Such weapons
tvelopuent étogtama could emphasize low-yield warheads, although
s>w~yield warheads may not reduce nuclear winter effects in all
sses, especially if there were no ceiling on the number of
arheads deployed.

Bvenyitythe Soviets reject direct diséusaions of nucleér
inter in arms control negotiations, the formulation of a U.S.

rms control position should be coordinated with U.S. research
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aad'ddvtlop-cnﬁ and totc& modernization ptoqraia.' The U.S. arms

comtrol tttntogy‘thcd'niqh: aim at allowing for modernization of

reasons unrelated to concern about nuclear winter. FPor example,

- while the U.S. might want the terms ¢ an arwms control agreement

- Soviets also to deploy similar systems? Does the United States

- accutat.. vury law-yield nuclear weapons uhich if used would

 3 loug-tcr- uuclca: win:or 0££ccts? wOuId such a Soviot a:seaax ba

4,—‘ot‘d.3itlb10-°lﬂ move toward deployment of limited numbers of

*nuclear winter proof” weapons on both sides while not slimina-

are over? Would such an arams control outcowe provide encugh

-

U.8. forces to limit nuclear wvinter effects while seeking to
li-it'or'roduco‘tht Soviet Union's nuclear weapons sfa:emd
potcclvod as -ost threatening.

Measures that cnuld be taken by the Unitsd States and the
Soviet Union to minimize potential nuclear winter e!fects in the

event of a nuclear war may not be in U.S. interests. however, for

to allow for restructuring of the U.S. arsenal, would it want the

wvant to shape a tututa‘atratogic environment in which both the

0.8. and thoVSOViot Union have deployed arsenals with highly-
minimize both annndiate collateral dauagc and the aeverity ot any

-oro able to hold ‘more U.S5. strategic assets at riak?

ka

- Even ui:hou: anch a radical restructuring of the strategic

arsenals of the U.S. and the Soviet Union, would it be possible

&

T
'4?» Yo

£
A

%

B KD
L, B
j S

ting all the larger-yield weapons systems until their life cycles

WA |

L)
o

additional protection against nuclear winter in realistic liaited'

S

NS

29




 w§r sceﬁarica ﬁo‘juatity the expenaedor étfort? Would both sides

want to maintain a reserve of "city busters" as an ultimate
*doomsday machine® retaliatory threat? Further research into
these and other guestions would be necessary as part of any

effort to include ccnsideration of the implications of nuclear

winter effects in arms control.

uucloatvptolitotation

Nuclear winter £inding$ could increase the urgency for

,pteventing the further proliferation of nuclear weapons if future

.. research concludes that significant atnospheric and climatic

effects could result from a very small number (tens, rather than

hundreds or thousands) of nuclear detonations over highly

o combustible targets.

If a very f'w nuclear winter threshold were idehtified. this

- could provide é strong incentive for natibna to acquire nuclear

ueapdna. In such a case, a country with even a few dozen aucl:ar

warheads and delivery vehicles could potentially gain political
leverage by threat of nuclear blackmail. ‘At the same time, a
very low *hreshold could diminish the political value of the U.S.

and Soviet nuclear arsenals. The vast numbers of weapons each

‘country possessed in excess of those necessaty to trigger a

nuclear winter might be seen as far less significant politically

and militarily.

30

R Y

:
5 _;:
3]

Rt es
W ) LIRS
LA

'4:‘}‘4-’.._.‘}

!6*,
P

P
k PREREN
‘&”t'(’{‘!‘
PRI L W

N %,
% )

o

e
L e
=

1

5




o {'  1£ it ‘is "dc'tcrtincé that initead of a ‘thteﬁiﬁld thcyto‘ 1§ a
“econtinuum of nuclear winter effects, the injectizn of smoke and
dust from éo:cns of nixcl.ea: detonatibnn over hidh smoke and duat
creating target areas would have less significan? implications
but would nevertheless raise new concern about mclear
p:olitctatiéh; Nations which acquired nuclear wpﬁua could not
credibly threaten to set off a severe nuclear wirter as they
would be able to do if there were k,a’ very low thwsshold. Even if
ib. threat of a nuclear winter could not be used for blackmail,
the use of nuclear weapons by new nuclear nations might produce
adverse global or tegional‘ atmospheric and climaiic effacts.
These effects could ianclude, for example, tempersiure deproaaioné
of a few degrees in scattered areas which may remlt in massive
. croep failures in climatically na:ginal agricultumal régions. {10}
‘ |  The ‘pocrcnt‘i'al effects of a very aa;#ll numbe of nuclear
ff"cxplbiidhs vas hdt‘iddrosaed by ﬁhe TTAPS studywm:‘aubsequont
rtcpbtts; - Uﬁile the 100 megaton city g:tack in BHRPS caused
severe nuclear winter, a smaller attack could atill result in a
‘signiticant' nuclear win‘ter. according to T.APS modeling.,  If
future research de:e:nines that the use‘ot fever weapons (even if
‘deténa:ed over high smoke and dust creating targst areas) will
: not inject siguifimt quantities of scot and dwt into the
atmosphere then the nuclear winter findings will likely have

little consequence for proliferation.
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Civil Defense , : A e
The civil defense programs of the United States, and
appﬁrcntly thosa of the Soviat 0nion as wall, have been almed

primarily at protecting the populaticn from the initial blaast,

radiation and subsequent fire and radiocactive falzﬁut of a
nuclear attack. An underlying assumption of thess programs is
that the situation for survivors of a‘nucleiz war would improve
within days or weeks as radiation levels aubaidcd and order and.
k  the production of basic necessities wote'gtadually~résto§ed; The
- nuclear win:ot findings, however, suggest that thz environment
may becoms Lﬁcreasingly hostile to survivors durisg the weaks, or
‘ovcn months tgllowing a nuclear attack.

. o rho‘thuitcncnts for sheltering, feeding and othervise
caring for survivors of a nuclear cdﬁflict thco&~w&th a nuclear
vidtnr~ub§}d be far more extensive (but not iapoaaiblﬁ); than
those anticipated und¢t ¢utront aivilydofenae assunptioﬁn.‘
P:caent'plqns for evacuation of the popﬁlntlon frem cities :ok
turai‘§teaa'would not ncc;saarily enhance Iohg—tatﬂ prospects fat

g ‘ survival. Evacnated survivors of the ianndiate bBast, thermal

and'shoft-tern fallout effects of nuclear weapons detonations

. . wodld have to be protected again#t prolonged periuds of ccld.~"

datkn§a§ and radiation. Sustaining these survivors for months

rather than a few days or weeks as now envisioned could :equirs

* .~ consatruction of extensive and elaborate shelters znd stockpiling
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of far latécr supplies §£ food; fuel and fresh watcr‘th§q current
prepatations anticié&tc.

’ UeS. civil dofense planning might be further complicated by
the prospect of a nuclear winter without having sustained any
direct dawmage to u.s. territory as a result of & nuclear conflict
among other nations or on foreign territory, Present civil
defense plans and preparations would be largely irrelevant, for
e:ampiq, in the event of a U.S.-Soviet nuclear conflict confined
to Eurcpe or a Sino-Soviet nuclear war that t:iggetcd glokal
nuclear winter effects. There would be no immediate victims of
blast or radiation to be cared for, and the economic and social
inttiatructuro, including industrial production and medical
actéiccs.‘would have remained intact initially. The task of

“eivil dcfénsé in the days or weeks pricr to the onset of nuclear

~ vintot condi:ioaa would bc to crganize protnction of the
population against the long-tctn atnosphtric. cliu&tic and
biological cons.quoncns of a distant nuclear cen!lict. Prospacts
tor’suivival under these conditions uight be greatly enhanced by
advance civil defense planning and pr@pata:iona.

~ 1If there is a continuum of nuclear winter effects, then

civil defense programs could be developed to prepare the
'survivora to cope with #ome of the prohlena they might face in a
less severe nuclear winter environment. These programs would
require research to determine the atmospheric, climatic and

long-term biological conditions likely to prevail in a anuclear
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 winter cnviton‘uenr.’and posaiblo countomaéun@ that could be
developed to assist the survivors.

Eftective civil defense measures to prepars far survival in
a full-scale nuclear winter environment would w Tm more |
problematic, however. The TTAPS study predlcts ihaic the extremne
darkness, cold and radiation, combined with ths Imsediate effects
of a nuclear attack, would pose a threat to human mnd other
species. In this vorst case scenario it is highly questionable
vhether ai{ectivc civil defense plans and prepsratians ccoculd be
made at an acceptable cost. [11] If it is detsrminid that an
extreme nuclear‘winto: would not occur suddenly, bxfr rather that
nuclear winter effects would develop gradually alemg a continuuﬁ.
then effective measures might be feasible for lezs asmvere
atmospheric and climatic perturbations resulting frm nuclear
coatliét. If there were a nuclear wintct’thtcaholﬂm however,

, then there -ighc be less valua in augntn:tng U.8. aiivil defense
proqtu-t. Bciow this th:oshold. ‘there would be nc;nuclea: winter
'Qtfbcts and thus current civil dotans« assumsptions would continuve
to be valid. Above thii tb:@shoid. the long-tirzlkﬁclcglcal e

‘euvitonnchtal'ottccts woul br s0 dev: #- Ling that gven such
»exorbitahtly expensive measures as building vast unierground
shelters might not essure human survival.

The prospect that survivors of a nuclear war wmight face
nuclear winter effects does not cobviate the need fir protecting

the population from the initial effects of a nuclea attack.
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This pra-poci dods; hoﬁivor. caxi for a reexaﬁlnation of current
alanuptions abou: the post-attack environment. Additional pre-
perations under some conditions might give th; survivors a better
chance of coping with less severs long-teras atﬁo@phetic, climatic
and blological effects of nuclear war. The nececsary prepara-
tions to enable the population to cope »ith worst case nuclear
winter conditions, however, might involve the peacetime expenditure

of an unacceptably high level of resources.

- Strategic Implications of U.8. and Boviet Percepticans
of Ruclsar Winter

The possibility of nuclear winter would likely increase the
uncertainties for both the U.3. and the Soviet Umion in con-
sidering un§ of nuclear weapons in a crisis. Socae analysts have
augqaitcd. héwovet. that the U.S. could face a situation in which
- Amsrican-—but not Soviet--leaders were convinced that nuclear
winter was a serious possibility. ’

In thi-'caio. if th§ Soviets believed that ke U.S. vas
,inlt-d‘:ct:od from employing its limited nuclear options by fsar
of producing severe nuclear winter effects, U.S. deterrence could
be weakened. The Soviets might perceive the U.S. as less likely
to respond militarily to Soviet use of conventiomal forces,
especially if pon.tbio U.S. responses risked escalation to
nuclear wveapons., The Soviet Union thus could be Iess reluctant
to use military force on its petiphery or to engage in military

actions in the Third World.
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The U.S. strategic pogition could be further weakened if the
Soviets were not self-deterred from limited us+ of nuclear
veapons to achieve policy goals because they did not believe that
such uses of nuclear weapons would produce nuclear winter
effects. The Soviets could gain leverage over the U.S. and
exacerbate strains between the U.S. gnd its alliea as the
credibility of extended deterrence was raduced.

The above may not be the most likely acenario of U.S. and
Soviet perceptions of nuclear winter, however. It is unlikely

that U.S. leaders would believe that nuclear winter were possible

‘and Soviet leaders would not. A decision to redesign U.S.

limited nuclear attack options to minimize nuclear winter effects
would have to be based on very compelling--and probably public--

scientific findings. It is doubtful that Soviet scientific

research on nuclear winter would contradict U.S. findings. Even
if Soviet and U.S. findingc differed on critical gquestions such

as the level of nuclear waapons use likely to produce substantial

nucléat winter effects, the Soviets would not neceszarily believe
that their teéulta were conclusive. The Soviets would take
seriously official U.S. statements indic&ting concern about
uininizinq potential nuclear winter effects when they dé:ected
svidence of this concern in U.S. force modernization programs and
arms control approaches.

’I£ the U.S. declared that it was taking steps to miniwmize

potantial nuclear winter effects of some c¢f f{ts limited nuclear
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option-.’ doubt might be cast on the crcdibility of fswiet optiona
for limited nuclear attacks, including potential comntsrforce

attacks on U.S. ICBMs. By its actions ss well as itr words, the
U.S. would be redefining the criteria of strategic cupability——tr
the disadvantage of the Soviet Union. Afier the Soviets had
Qpeatitenu if not hundreds of billions of rubles in 2he last
decade noddrnizing their strategic forces and surpassing the U.S.
in many -oasuréa of atkatcgic capability, the United States
program aimed at minismizing nuclear winter effects wuld be
calling into question the value 2f that effort. A Ssviet
counterforce strike on U.S. ICBMs with SS~18s might no longer be
a credible threat in a crisis because both sides woulld know it
could lead to a global nuclear winter.

The Soviets might perceive the U.3. to be devclséing

',craéiblc limited nuclear options that would give the United
States a strategic advantagi; The Soviets could feel compelled

- to begin‘a new round of -odoénizatién of thair forces,
esphaslizing more accurite. lower yicld warheads and more flexible
dclivetyyéystoaa. They could view the U.S. as scek&mg to use the
nuclear winter findinga along with the Strategic Defanse

_ Iui:iativo program toc place new pressures on the Souviet Union to
gain political leverage as well as strategic advantae.

In sum, the U.S. aight be in a position to redefine the

U.S.-Soviet st:&:agic Salagcn based on the nuclear sinter

findings. This reevaluation could place the Scviete at a
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disadvantage despite their massive ajilitary buiidﬁﬁ of the last
decade. It could also provide additional incentives for the
Soviets to seek negotiated arms reductions to lisit or prevent

development of U.8. strategic advantages.
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SECTION 3
ISSUES AND QUESTIONS FOR FURTHER RESEARCH

Although the nuclear winter findings to date may not warraht
revision of the basic U.S. approach to nuclear strategy, planning
and arms control, the possibility of nuclear winter effects
raises many important technical and policy iasues and gquaestions.
Some of these issues and questions cannot be fully considered
without further scientific investigation, Others call for
technicél assessment by the Department of Defense, and may
evontually require policy decisions. The following points, while
not exhaustive, are intended to pose questions for further
rasearch and assessment while auggesting scme of the elements

that may remain unchanged,

D‘tc:tcncc ané Warplanning

'Thé basic 1og£§ﬁoE nuclear deterrence is not likely to be’;‘
altered by a new understanding of long~tera atmospheric |
conanquehcea of nuclear war. The ability to inflict unacceptable
damage on the adversary after sustaining a first strike will
likely continue to affect perceptions and thus peacetime and
crisis deterrence even if nuclear war bhecomes more "unthinkable”
Because of the possibility of nuclear winter.

As long as nuclear weapons exist, eveﬁ if both sides
perceive a nuclear winter to be a possible cutcome of a nuclear

exchange, it is likely that to wmaintain deterrence, both the U.S.
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and the Soviet Unioh will pronare to wage a‘nucleat w#f if
deterrence fails. But the nuclear winter findings could lead to
a reevaluation of the criteria and means cof minimizing damage to
one's country while at the same time achieving wartime goals.
The U.S, is likely to seek to minimize the immediate destruction
of U.S. tertitéry by nuclear weapons even if a nuclear winter
could eventually engulf the entire Northern ﬁamisphere or even
the whole planet. The question therefore is not whether to plan
for the poaéibility of using nuclear weapons, but rather whather
potential nuclear winter effects should, or should not, affect
such planning. Defense officliais and nuclear planners are likely
to be guided by the asaumption that the less damage suffered by
theit'aociety (including the military) in a nuclear exchéuge the

better chance .- will have of coping with the long-term effects

of the use of riclear weapons, The possibility of qetting'oft a |

nuclear winter .ay 1n¢rea§a tbo importance of war tatﬁ;nation
aftef :bldiivei; §m§11 huclear cichéhges and influence target1n§
optioda io Qinimize Attacko on smoke and dust éreating targét
ate@s Quch as cities. SQQCi:ic issues and questions for
tatgeting, damagekaasessmont‘and c3I1, strategic‘detense sysﬁems,

and weapons research and development, arms control and civil

‘detehse are eianined belovw.
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The TTA?s‘and other studies 1ndicate”that the kéy wvariables
in determining the likelihood that nuclear explosions will
trigger nuclear winter effects are:

o smoke a~3 dust c¢reating potential of the targets
and ta: 2t areas

o total yield

o number of warheads used

.o time duration of the excharnge
‘o distance between explosions

o ylelds of warheads and the heights of burst over
~. particular targets

Based on these factors:

* Should the U.S. identify, categorize and set priorities
for military targets based on their smoke and dust creating
potential and their collocation with such areas?

% Should plans be reevaluated for attacking indeatrial
targets, command and control centers and political comgrol
assets based on considerations of smoke 2nd dust creation?
Should enerqgy targets be rated by this criterion, for examgle,
and their priorities be reconsidered? :

* Should some targets be placed in withhold categorioes
to minimize collateral fires or dust?  Should the U.5. consider
various other means of reducing fires cr-.ated by heat and blast?

-* Should the U.S. consider a restructuring of target
priorities and reexamine the yield, height of burst amd accuracy
of warheads assigned to specific targets? For example, could
smaller, more accurate, earth-penetrating warheads--or even
conventional warheads-~be substituted in some cases?

o * Shéuld targeting for limited nuclear options and other
attack options for controlliing escalation be reevaluated?

* Is the opiion of targeting political leadership less
credible because of collateral nuclear winter effects likely
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. iclear strategies and force modernization policies of Britain,

n iay par:y. utlitary andwaecatity e

- UQuld the particloa Ln ch0 snoko ‘and duat layar atfcct RV
lcuracy or poseibly damage warheads (fratricide on a massive
:ale)? Would the atmospheric circulation patterns for the area
!"attack be altered in ways that are unpredictable and would
‘astically affect accuracy?

* Would the force multiplier effects of attacking C3I
'stems (preventing the launch of nuclear weapons without
istroying each weapon {ndividually) suggest that an even greater
‘emium on C3I preemption may »e a result of concern to minimize
iclear winter effects?

L3,
F;

* How would the prospect of nuclear winter affect the

‘ance and China?

41 and Damage Assessment

‘u.s. plans for controlling aescalation and war termination

scalation and tcrminate contlict. U. s. means tor intclliganco
11lection, howeva:. could be zuaccptible to degtadacicn by
irtial or total cpacity ot the atmosphore.

- * How long after initial nuclear attacks would obscuration
! potantial intelligence targets begin to occur? At what rate
uld large quantities of soot and dust accumulate?

* How soon after a nuclear exchange could the developing

iclear winter effects be assessed (on ona 8 own taerritory and
! the territory of the adversary}?

* How would the severity of damage asger-sment degradation o

t affected by changes in the time frame of niclear weapona use, , TSN
*

1at is, from most weapons used in a matter of hours to & more

rotracted use of nuclear weapons? : . ?&
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‘* Would the nuclear vinter cbscuration effects inhibi: our
ability to control escalation and teraminate confliict by weakening

or neutralizing damage assessament and other intelligence
;cnllcction cap&bilitios?

‘* If & bl:nkat of smoke and dust neutralizad U.S. space-
based platforms for damage assessment, are thersz alternative
means for intelligence collection currently available for wartime

‘use? Could new intelligence collecting means be dnveloped and

deployed that could "see” through nuclear winter e ects?

* How would the progressive increase of atmospheric opacity
{over several days) affect escalation control in a protracted
coutlict?

* Would C3x b. so degtaded atter a SOviet counter~C3I attack
that the degree of ocbacurance would oe a moot point?

: "Hould the Soviets likely follow a multi-smalvo strategy
rvather than a shoot-lock-shoot strategy and thus not require

‘real=time target damage asseasument? If so, are the Soviets leas

vulnerable to disruption of their strategy by nuclear winter

effects interfering with C31?

* If the Sovietsa®' rely primarily on air, grocund and naval

‘reccanaissance rather than space aassets for theater conflict in

Eurcope and Asia, would this provide thea with an advantage over
U.S. forces in ptottacted contlict in a nucleat winter
cnvizou-ont? .

Bl aow uould nucleat vinter etfecta degrade militacy

operttioua. for example, target acquisition? WHould the dis-

ruption of overhead reconnaissance by nuclear winter effects
provide protection for military activities on the ground, at sea

" f‘;nd in the air following initial nuclear strikes?

strntoqic Defense Systeams

If nuclear winter obscuration effectsa would develop

‘ralatively slowly as the result of largauscale firea, these

effects would not have significant consequences for defense

systeas in the initial stage of a nuclear confliict. Ceoncern

about minimizing rnuclear winter effects, however, could affect

U.S. policy on developing and deploying defense systems to
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dcotroy an ndvcrtaty'a alcnilcs and wathcada 1n tlight to linit
the nnub-t ot nuclear oxplosionn on U.s. tertitoty.

/ ) v W Should nuclear winter attccts be considered in tvaluating
f ' strategic defense research and development? Would strategic
defense systems be degraded by large-azcale accumulation of soot
and dust in the atmosphere (degraded detection of launchs
degraded detection and tracking of incoming warheads; degraded
damage assesaments; degradation of effectiveness of laser weapons
- - systems)?

* Jould warhead explosions in any or all of the phases of
: ‘ ballistic missile flight--the boost, nost-booat, exo-atmoapheric
! or terminal--contribute to nuclear w': “er effects?

* Would the ability to greatly v« 'uce the number of nuclear
X ) weapons exploding on U.S. territory u... thus mitigate nuclear
i ‘ winter effects in the United States reinforce the value of
ﬁ§\-m~ - ballistic miassile defense?

Weapons Research énd Development

Should the United Statea’decide‘to develop and deploy

weapons systems that would make possible minimizing nuclear

2
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wintnt effects, criteria could be osthblibhed for current and

’,‘tntnte R&D p:oqrdgs.~ In this case, R&D would likely focus on
“ f,‘l‘ :dasign and'ptoduction of aome tlexible'uaapﬂna systems with high
accutacy and low—yield nuclear and conventional warheads. BRarth-

‘ penotrating warheads could also bo developed, including some

- '“ nodetate to high-yield weapona for buried targets. Such R&D
‘ ptoqtana could’ aupport ongoing efforts to further diversify the
mix and £1¢xib11ity ot U.s. etrategic systems.

* Should even greater efforts be made o decrease the yield
and increase the accuracy of nuclear warheada to reduce nnclear
& winter effects? Should very low-yield warheads--one to ten
RS . kilotons--be developed for strategic missions and used for
A surface bursts or earth penetration to minimize the height at
which dust and soot are injected into the atmoaphere?
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. nuclear vcapons?

: ncntally'altar the‘atna control process or the witcome of any

nuclear arms control negotiations. While the prrapect of A

nogotiatihg U;S.—Soviat nuclear arms control limitations and

“a'ctttcts uay reintorce arms cont:ol approaches that tavot placing

lznitations on aystans with high—yield, lownaccnﬁacy watheads.
,‘xp:essed concern that 80viet leaders may not take nuclear winter
: setioubly. even if the U.s.‘concludes that some changes in
could prevent the successful avoidance of nuclew winter effects

provide a foruam ian which Soviet views of nucleexr weapons effects

‘' Should R&D ptégtaﬁs'aldo focus on develaopsent of con=-
ventional weapons for strategic missions to redwe reliance on

n.,a.-s;;vh: Arms Control
The poaaibility of nuclear winter is unlikely to funda-

it

.
"y !

=%,

A

nuclear winter may stimulate greater public premure for

reénctions. the primary concetna of both the U.s. and the Soviet
Unicn are likely to remain unchanged. In additﬁan to seeking to
avoid nuclcat war. the two siden are likely to «wntinue to be
concerned about the impact of an agreement on the actual and
perceived scratogic balancc and on each side's murrent and

plannod weapons ptog:anu. Dcaite to miniaize melear winter
§aaa analya:s studying the nuclear wintar gmastion have

nuclear strategqy and planning are warranted as m result of the
nuclear winter findings. Assymetrical perceptimns and sctatﬁgiﬁs

in the event of a nuclear war. Acrms control negptiations may

could be better understood.



“improving crisis stability? Crisis stability coxld be weakened

and deployed-~such as gmall-yield, highly accurala warheadsg~-

“the mix of weapons, warhead size, and other factmrs necessary to

‘lower level of weapons syateams?

| Civil Defense

Spocific azns control iaaues and quostions raised by the
nuclear winter findings include.

- what. if any, 18 likely to be the effect @f the TTAPS
£indings on Soviet perceptions and positions in the armes control
procesg?

* Should the U.S. design arms control propasals that allow
both sides %o modernize their nuclear arsenals im the direction
of daploying smaller, more accurate weapons or tther “technology”
apptoaches to mitigating nuclear winter?

* How should :ho nuclear winter findings affect U.S. arms
control approaches for INP and strategic systems. including the
assumaptions and goals behind negotiating positisma, the weapona
rmixes to be preserved in U.S. forces, and the rastructuring of
Soviet forces the U.S. would like to affect? Im SALT I and SALT
II, for example, the U.S. structured the agreements to allow for
modernization programs, including MIRVs, cruise missiles, the B-1
and the MX. Since SALT I, the U.3. has become imcreasingly con-
cerned about the Soviet MIRVed ICBM threat to its land-based
missiles and has sought to at least limit the nusber of warheads
on Soviet ICBMs, and if possible to reduce the nzzber ot SS-18s
and the overall Soviet throw weight advantage.

* Is there a contradiction between the gcals of miniwmizing
nuclear winter effects in the event of war and meintaining and

in some cases if the types of offensive weapons systems developed

appeared more “"usable®” in a crisis (and there were incentives for
first use). Similarly, strategic defenses that flestroyed nuclear
warheads could reduce the chance of nuclear winter but increase
1natability.

* 1f a nuclear wintet *threshold® were determined (including
cross the threshold} and the U.S. and the Soviet Union agreed to
reduce their strategic and theater nuclear forcez £to a level

"belcw the threshold,® could such a major reduction be credibly
verified? How would parity be determined at a angnificautly

The possibility of a nuclear winter makes the obstacles to

survival in a postwar environment appear even more formidable
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T N e o e T e T L e T T R s e
Pl RS RO LI K S Sl N g"'_. _,‘,"’*"c ‘-".'.*"'-"kv LN N Rk e LT e R ) YA RN
e A Attt we At Fh it RPN P I A e Tata et at et re wat e, LA AP SR T A A

th&h oitlicv tbté#oon.‘ But the ptosp(ét ot,lénéétérm #t-daphetié
effacts ptoduécd by nuclcaé dxpldsionQ does not completely
fobviéta the need for prothction of the populatios :tom the
- initial blast,‘titd ahd fallout of a nuclear attack¥-or troaylesa
severe nucloat wintot‘ottccté such as short—-term temperature
~depressions of a few degrdos. It is likely that ixoth the U.S.
and the Soviet governments will continua to plan for profidihg
some protection for the population from those o!ﬁects.jcvnn if
the aurvivcta of the nuclear exchanges might face worst-case
nuclear winter effects. The question for civil ﬂsfqnée planners
is whether they should alter or add to their progra..s to provide
‘the survivétafwith the necessary tools and informstion ta’have a
“"better chance of coping with the increasingly hostile post-war
environment they may enéounte:. “

" If limited nuclear winter effects are possible and

existing civil defense program that focuses on immediate blast
effects and fallout. Some of the civil defense jssues and
questions raised by the nuclear winter findings follow:

* Is current U.S. civil defense planning either irrelevant
~to or inadequate for protection from nuclear winter effectsa?

* Would a civil defense program that adequately prepared the
nation to survive severe nuclear winter effects be prohibitively
-expensive (hundreds of billions of dollars) and of questionable
efficacy? Would such civil defense preparations be vulnerable to
nuclear attack?

~..%* If an effective civil defense program to 2ssist survivors
in the struggle against nuclear winter effects would be pro-
hibitively expensive, should the U.S. take some steps to cope




with nuclear winter effects on & leazser acale {for example,
sponsor research into crops that are less vulnerakie to
tempsrature changes and begin storage of large quuntities of food
to assist survivors through the initial months of deprivation)?

* Does the prospect of a nuclear winter reduge the strategic
value of civil defense and e¢liminate any advantagus held by the
Sowiet Union if the Soviet civil defense program, though wmore
extensive, is baszed on the same assumptions and plans as the U.S.
program?

* If the Soviets were to concentrate their civil defense
efforts on preparing to survive nuclear winter efiscta, would
they build on what they have, make extensive modifications, or
scrap their existing programs?

* bo plans for evacuation of civilians from xities in a
nuclear war hecome irrelevant if a nuclear winter will eventually
deascend on the survivoras in the rural areas?

* What types of environmental and biological amsearch should

the U.S. sponsor and should any of this research ks conducted
jointly with scientists from the Soviet Union or xither countries?
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SECTIOR 4
REPERENCES

1. The TTAPS‘study was published in Science magazine as *“Nuclear
Minter: Global Consequences of Multiple Ruclear Ezplosions,®

‘December 23 1983; complementing the TTAPS atudy in the same issue

of Science is Dr. Paul R. Ehrlich et. al.'s “Long Term Biological
Consequences of Nuclear War®: see also Carl Sagan, "Nuclear War
and Climatic Catastrophe: Sowa Policy Implicationsa,®™ Poreign
Affairs, Winter 1283-84: the nuclear winter thesis is also
examined in the book, The Cold and the Dark, Norton, July, 1984,
and in the article, "The Climatic Effects of Nuclsar Var,"®
Scientific American, August 1984. The findings of these and
other scientists were first publicly presented at & "World After
Nuclear War Conference" held in Washington, DC, October 31 and
Rovember 1, 1983. A paper delivered at the conference by Soviet
scientists V¥.v, Alexandrov and G.L. Stenchikov, eantitled "On the
Modelling of the Climatic Consequences of the Nuclear War,"
presented findings similar to those of the TTAPS atudy. The
TTAPS study was preceeded by several other investigations of the
gubject, including the the 1975 National Academy of Sciences

‘report, "Long~-Term Worldwide Effects of Nultiple Huclear Weapon

Detonations,™ studies published in the Swedish journal Ambio
(1982), and discussions at the "Third International lonference on
Nuclear War®” in Brice, Italy (August 19-23, 1983). See the
special issue of Ambio, “Nuclear War: The Aftermath," Volume XI,
Numbers 2~3, 1982, and specifically, the article &y Paul J.
Crutzen and John W. Birks, “The Atmosphere After a Nuclear War:

Twilight at Noor.®

2. kTTAPs. *Global Consecquences of Nuclear War," Gctober 24, 1983
(Original manuscript submitted to Science for publication), p. 1.

‘3. Edward Teller has argued that several factors may preveat the

oy

occurence of a nuclear win*er. In an article published in
Nature, Teller wrote that firestorms that loft smoke to a high
altitude are very rare and depend on dense concentrations of fuel
and precise weather conditions that allow all available oxygen vo
be consumed. See "Widespread After-Effects of Nuclear War,*
Nature, August 23, 1984. Calculaticna by scientisis at Lawvwrence
Livermore support Teller's theories. In one computer simulation
of a detonation of a single-megaton explcosion, Physicist Joyce
Penner found that a column of smoke rose six mileszs into the sky,
but that half the smoke dropped quickly intoc the troposphere.
Penner estimated that the 50% that remained aloft contained
nearly three times the condensation needed to produce rain. See
Time, December 24, 1984. S. Fred Singer conziders the
possibility of a "nuclear summer™ in "The Big Chill? Chalienqging
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& Nuclear Scenario,® tall Street Journal, Pebruary 3, 1984. The
nuclear susmer theory has been inveatigated by a team of climate
nodelers. Their research has shown that climatic-effects pro-
jects are extremely sensitive to the way that key parameters are
modeled. By replacing the normally "fixed® or static sun with

" one that appears tOo move across tho sky, they were able, in some
cases, to turn & nuclear winter into a nuclear summer. These
results vere cited by Dr. Edward Teller at a conference co-
sponsored by the Hational Bureau of Standards and the Defense
Huclear Agency. See Science News, Vol. 126,

4. National Academy of Sciences, "The Effects on the Atmosphere
of a Major Nuclear Bxchange,® Committee on the Atmospheric
Effects of Nuclear Explosions, Commission on Physical Studies,
Mathematics and Resources, National Research Council, December
11, 1984.

5. The concept of a nuclear winter “"threshold® was included in
the TTAPS Science article. The guthora noted that “"one can
envision the reiease of ~ 1 x 10 8“' of smoke from each of 100
major city fires consuming “ 4 x 10/ tons of combustible material
per city. Such fires could be ignited by 100 Megatons of nuclear
explosions. . . . such a lov threshold yield for massive smoke
emissions, although scenarjio~dependent, implies that even limited
nuclear exchanges coull trigger severe after effects.” See also
Carl Sagan's article in FPoreigr Affairs, for reference to
*sub~threshold wars.” (p. 577? In the article Sagan also noted

- that "it sesms clear that the apecies is in grave danger at least

“until world arsenals are reduced below the threshold for climatic

.catastrophe.® (p. 284) Reference is also made to a nuclear

"winter threshold in Thoe Cold and the Dark, which describes a

. “threshold region in which, it now appears, nuclear winter could
bo triggered" (pp 26-28, 106-107).

6.] Sonme peoplc have referred to those leaser, °patchy' effects
leading to a severe nuclear winter as “"nuclear autum.” For
references to patchy rather than uniform nuclear winter effects
and a continuum of conditions see: Michael C. MacCracken,
*Nuclear War: Preliminary Estimataa of the Climatic Effects of a
 Nuclear Exchange,® Lawrence Livermore National Laboratory, paper
. presented it the Third International Conference on Nuclear HWar,
- Brice, Italy, August 19-23, 1983; Curt Covey, Stephen H.
.. Schneider and Stanley L. Thompson, "Glecbal Atmospheric Effects of
Massive Smoke Injections from a Nuclear War: Results from General
~Circulation Models,” Hational Center for Atmospheric Research,
Boulder, Colorade, csanuary 6, 1984: and Michael C. MacCracken,
Annotated Outline, "Aumospheric Calculations on Nuclear Winter,®
- Lawrence Livermore National Laboratory, June 1i, 1984, pp. 5-8.
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7. The smallest megatonnage exchage examined in tive TTAPS study,
as noted in pPart I, was a acenario involving the wwe of 1,000
warheads of 100 kilotons sach against 1,000 urban/industrial
targets. Thia acenario, which the TTAPS authors acknowledged was
. most likely to occur oaly aes part of a larger exchange, produced
significant nuclear winter effects. While such am attack
scensrio involved a limited number of nuclear weapzag, it would
not ~onstitute a credible limited nuclear attack mption. Nuclear
attacks on 100 major cities would not be perceived as limited and
would be almost certain to invite large~scale retaiiation againet
“the attacker's cities. Thomas Powers argues that this scenario
"contradicts too many principles of nuclear strategy.* "If
American war planners elected to 'limit' a war to 100 megatons,®
he argues, "they would stay away from citles, whid: are generally
tacgeted only in the final, all-ocut pheses of war gplana., If the
plunners decided to hit 1,000 urban targets (an atltack virtually
certain to bring all-out response)}, they would wse a lot more
than 100 megatons .ad would target a lot of other things as
well.® Thomas Powers, “Nuclear Winter and Huclear Strategy." The
Atiantic, November 1984.

8. - This point was made by Leon Goure in his statesent before the
House Subcoasittee on Natural Resources, Committes on Science and
Technology, “Some Potential Strategic Implicaticns of the
*Nuclear Winter® Hypothesis," September 12, 1984.

-9+ . Goure, Leon, statement bhefore House Subcommittes on Natural
'Resorces, Committee on Science and Technology., “Scwe Potential
- Strategic Implications of the ‘Kuclear Winter®' Hypsthesis,* notes
- that the nuclear vinter findinga ®appear to enhancs the utility
of strategic defense of both military and strategicr targets." He
argues that “given that stratospheric dust producef by the de-
" tonation of large yield uuclear weapons on hard targets such as
“missile silos slows the return to ambient climatic conditions,
the pursuit of damage limitation wmay be better serwed by the
.stratesgic defanse of such targets than by counterfarce strikes.”

10.' The Rational Academy of Science has estimated that a one
degree temperature drop in the Northern Heamisphere could end
_wheat production in Canada. Although sowme plant mpecies are
particularly reaiatant and can withstand severe tesperature
fluctuations, many major food crops such as corn, rice and
soybeans are particularly unresilient. HNational Arcademy of
Science 1975 sStudy, op. cit.; pp. 93~94; Paul Ehrlich et al.; in
Science, op. cit., discuss the sensitivity of rice and sorghum to
caid temperatures and notes that exndosure to a temparature of
only 13 degrees C. at a crucial time can inhibit grain formation
because the resultant pollen are sterile. Additiosally, corn and
acybeans are very seansitive to temperatures below I0 degrees C,.:
Richard Turco has noted that scientists are recogaizing that
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agriculture may well be the most sensitive biological system to
be affected by cold temperatures, Defense Science Board panel on
Atmospheric Obscuration, July 17, 1984; Sidney Winter detailed
the susaceptibility of agriculture to nuclear winter effects
befora the Joint Bconomic Committee on July 12, 1984: mee also
Sagan, Poreign Affairs, op. cit., pp. 265~66; and The Cold and
the Dark, op. cit., pp. 54-56.

11. One analyst has estimated that “"serious® preparedness
measures would involve expenditure rates of ten to one hundred
times higher than current expenditures on civil defensz. See
Sidney G. Winter, "BEconoamic Consequences of Nuclear War,®
testimsony prepared for the Joint Bconomic Comamittee, July 12,
198" p. ‘. ! i

12. The Soviet Academy of Sciences, in May 1983, forsed a group
called, "The Committee of Soviet Scientists for the Dafense of
Peace and Opposition to the RNuclear Threat® which delivered a
paper at the October/November conference in Washington. The
Soviet paper, vhich parallels the TTAPS findings, is ro-authored
by V.V¥. Alexandrov and G.L. Stenchikov, and is entitled "On the
Modelling of the Climatic Consequences of the Nuclear War," The
Computing Centre of the Academy of Sciences, Moscow, U3SR, 1%83.

13, See the special issue, "Nuclear War: The Aftermath,® VYolume
XX, Numbers 2-3, 1982, specifically, Paul J. Crutzen and John W.
Birks, “The Atmosphere After a Nuclear War: Twilight at Noon."

l4. The nuclear winter thesis has been assessed in aseveral other
conferences, ‘including: an internztional geminer conducted by
®"the Scientific Committee on Problems of the Environment® (SCCPE)
in Paris on October 22-24, 1984 (earlier sessicns of SCOPE were
held in Leningrad on May 15, 1984, NHew Delhi (February 1984),
Stockhols (November 1983), and London (March 1983). SCOPE, whose
headquarters is in London, intends to publish a comprahensive
report on the implications of nuclear winter in June 1985; an
American Association for the Advancenment of Science {RAAS)
workshop, "Long-Term Environmental and Biological Conzequences of
Huclear War.," AAAS Annual Meeting in New York, May 29, 1984: a
Stanford University "wWorkshop on Biological and Ecological
Research on the Effects of Global Thermonuclear War and Nuclear
Wwinter," Stanford, California, June 1l1-13, 1984: "Nuclear
Dsterrence: New Risks, New Opportunities,” Univeorsity of Maryland
Conference, September 5-7, 1984;: The National Bureau of Scandards
Conference on "Large [Nuclear War] Scale Fire Phenomenology,"
Gaithersburg, Maryland, Saeptember 10, 1384; and the University of
South Carolina Conference, “"Nuclear Winter and the Preventicn of
Nuclear War," Institute cof International Studies, November
29~December 1, 1984. ‘
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15.  Congressional hearings on the climatic consequences of
nuclear var, as wsll as on the specific topic of nuclear winter,
include: Committee on Science and Technology, U.S. House of
Representatives, "The Consequences of Nuclear War on the Global
Environmsent,® September 15, 1982 (House Report, together with
minority and dissenting views, August 3, 1983); “"U.S.~-Soviet
forum on the Climatic Bffects of Nuclear War," sponsored by

. Senators Kennedy and Hatfield, December 8, 1983; Joint Econoamic
Committee hearings on “The Congequences of Nuclear War,* July
11-12, 1984; and the Committee on Sclence and Technology, U.S.
House of Representatives, Subcommittee on Natural Resources,
Agricultural Research and Environment, "Hearings on the Climatic,
Biological and Strategic Effects of Nuclear War,® September 12,
1984,

16. See the Congressional Record--louse, p. H 10230, September
26, 1984. :

17. Por a summary of the Federation of American Scientiasts
activities, see the F.A.S. Public Interest Report, Volume 37, No.
1, January 1984; for Physicians for Social Responsibility
activities, see their Spring 1984 PSR Newsletter, especially "The
Risks of Nuclear War: New Data, New Technoliogy.®

18.  The Center has also published an issue of "The Nuclear
“HWinter News," September 1984 and har distributed copies of the
April 1984 issue of the Bulletin of the Atomic Scientists which
.details the conference findings.

19. See U.N. #A/C.1/39/L.22 "Resolution on Huclear Winter,"
introduced by India, Mexico, Pakistan, Sweden, Uruguay and
Yugoslavia; and #A/C.1/39/L.69/REV.1l, "Studies on Climatic
Effects of Nuclear War Including the Possibility of Nuclear
Winter," introduced by Belgium, Canada. the Pederal Republic of
- Germany and Japan, ‘
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S epEWDIX A

OGNIBRBRCBS AﬁD ACTIVITIEBS CONCERNING RUCLERAR WINTER

The findings of TTAPS and other scientists were First
presented at a *wofld After Nuclear War Conference® hald in
Washington, DC, on October 31 aﬁd Novenbe: 1, 1983, %The con-
£etén§é was sponsored and attended by prominent scientists and
academics as well as py representatives of diverse puzlic

interest groups. Two technical papers were presented. one by Dr.

e

A

LK

cﬁrl Sagan of Curnell University entitled the "Global Atmospheric

(]

[
L
d
L0
.

CQnaéquences of Nuclear War® (the TTAPS study), and a second, by
Dr. Paul R. Ehrlich of Stanford University, whic represented a
¢onaensus of forty biologists who attended a meeting «n the
'Lohg-rerm worldwide Biological Consequences of Nuclear War,"

" held in Cambridge, Hassachucetts on April 25-26, 1983a‘ The Horld
After Nuclear War Con!ctcncc received considerable press and
puolic attention. enhanced by a satellite link-up wit& phyaicista
_and biologists in the Soviec Union. [12]

The global atmcsphe:ic consequences of nnclear var had been

'examiued prev*onsly. in the 1975 government-sponsored repcrt by
,the National Academy of Sciences' entitled "Long~-Term Worldwide

‘Eftectg of Multiple Nuclear Weapon Detonations®; in the Swedish

N ’ journal Ambio [13]: and at the ‘Thi:d International Canference on
Ly - ) . .
o Huclear War"® held in Erice, Italy {(August 19-23, 1983) [14]. But

it is generally acknowledged that the TTAPS study raized new

questions regarding the potential long-term consequemzes of
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i

uclear wa;dbi placing more enphasis on the climatic effects of.
vmoke and'sbét in the Ataoupho:o. ‘ '

The U.S. Congress has alsoc shown considerable interest in

- ~he potential implications of nuclear winter. 1In addition to

umerous Congressional hearihga f15], the PY-85 Defense
uthorization Act required that a report on nuclear wiater
.ihdinga and policy implications be submitted to Congress. A
.eport was submitted on March 1, 1985, This report is to aasess
‘the atmospheric, climatic, environmental and bioclogical
onsequences of nuclear war and the implications that such
fonseqdences have for the nuciear weapons strategy and policy,
he arms control policy, and the civil defense policy of the
nited States." [16]

Pﬁblic interest groups that have demonstrated interest in
he nuclear winter thesis include: the Council for a Livable
‘orld; which worked closely with the organizers of the wWorld
. fter Nuclear Wa:,Contarcnce and has published an information
hdoklét calléd ‘Tha Nucleaf Winter™ based on Dr. Carl Sagan's
onference presentation; the National Resources Defense Council
NRDC) which‘has organized a "Project Nuclear Winter" and has
‘ublished a booklet enaitléd "Nuclear Winter, Silent Spring®

{1984); the Pederation of American Scientists which helped to

rganize the Kennedy~Hatfield U.S5.-Soviet forum {(December 8,

"983) and the Joint Economic Committee Hearings {July 11i-12,

"984): and Physicians for Socia’l Responsibility which conducted
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Inﬁ§dditidn; a4'contor on thn Conscqu.ncoa of Nuclear war':
as .ntgblishod‘in‘nﬁconbot 1983 to disseminate the scientific
findings that were presented at the October/November 1983 World
fter Nuclear Wat‘COnretonca. The Center is located in
laahingtén and provides the most recent scientific studies,
.nformatioﬁ and materials (print and audio-vigual) of the nuclear
tinter thesi# to organizations and the neéia. The ~enter has
iiaseminated several thousand copies of the two Science magazine
irticles. [18] 4

In addition to the international 1ntereat‘genarated by'tha
iCOPE meetings (see footnote 3), it should also be noted that the

Inited Nations has had two resolutions introduced that express

interest in the nuclear winter thesis. [19]
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