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Nev scientific findings indicaee that masalve injections 

in~o the atmosphere of dust and particularly smoke and soot 

resultin9 fro. nuclear detonationa may have long-term 

atmospheric, climatic and bloloqical consequencea. These 

prevlou~ly unappreclsted potential cons.quences of a nuclear 

war--commonly referred to as -nuclear winter---may have 

significant national security implications. 

There are many remaining acientific unc~rtalnti.s con

cerning these findings. In addition, the magnitude and duration 

of nuclear winter effects produced by the use of nuclear weapons 

would be dependent on the scenario of conflict, including the 

numbers and yields of warheada used and their height of burst, 

and the smo~e and dust creating potential of the ta.f'get areas 

attacked. This study aSSUM. for purpose. ot analysis tha~ 

nuclear winter is a possible outcome of nuclear conflict. It 

focuses primarily on a continuum of nuclear winter effects, but 

also examine. the possibility of a sharp--and potentially 

quantifiable--threshold below which there would be virtually no 

nuclear winter effects and above which the effects would occur in 

their most severe forms. 

Potential nuclear winter effects create additional un-

certainties tor nationQl leaders and nuclear strategists and 

further complicate calculations of deterrenc~. Soma of the 



possible implications for the United State. ot the nuclear winter 

findings discussed 1n this report are suaaarized below. The.e 

preliminary thou~hts on i~1ications are based on different sets 

of assumptions outlined in Section 1: 

Strate~x and Deterrence 

e The possibility that the scale of an attack 
necessary to preempt either aide's oftenl!live nuclear 
force" could create nuclear winter eftecta could: (a) 
reducfi both the operational an" perceived significance 
of SQme strategiC vulnerabiliti •• , and eb) .~hanc. 
stability_ 

o Concern about nuclear winter could increase the 
uncel~tainties confronting decision aaakers in a crisia. 
This concern could reduce incentives to initiate use of 
nuclear weapons for fear of escalation 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 retaliatton tor a nuclear first strike. 
The leaders of the attackad nation would have to 
predict the extent of nucleftr 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 nuch~.~ {" winter effects in 
designing limited nuclear attack options t~ achieve 
political objectives and war termination ahort of 
full-scale conflict. 

Targeting 

o The u.s. cOuld identify, categorize and set 
priori tit!s for military targets baaed on their smoke 
and dust creating potential and their colocation with 
such areas (espeCially cities). u.s. nuclear weapons 
systems and current plans for their use could be 
evaluated for their smoke and dust creating potential 
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and require.ent for future weaponry ClUJ.d be 
t atablished following a rea.a.sa.ent !).! l:I'n"9at1.nq 
stra1:egies based on the nuclear winter UntUrujJlI..c 

g31 and Damage A •••• sment 

o Atmospheric opacity cau.ed by the inja:r.tion of 
IJlDoke and dust into the uppar atmosphere, eVim if it 
did not result in a temperature depreeaioll" might 
interfere with damage assessaent and capI1cate 
attempts to control escalation and to tem.:nate a 
nuclear war. 

o A decapitating attack may be viewed am· miti
gating the magnitude and duration of nuclear winter 
effects, and thus be more attrao.::tive..'11tus the 
possibil.ity of nuclear winter may increase imentives 
for both the soviet Union and the United Slates to 
develop and build more .nduring command, «ontr01, 
communications and intelligence (e3I) .yst.«a that 
could survive a aecapitation strike. 

R&D and Porce Modernization 

o The possibility of nuclear winter su;mests a 
hedge position in which systems with Im.-yield, 
highly-accurate warheads are preferable. Shmld the 
U.S. seek to minimize the magnitude of global 
atmospheric and climatic effects in the ~ent of 
nuclear conflict, R&D and force modernization grograms 
could focus on other means of Ihaiting fmes and 
collateral damage. This could include earth
penetrating warheads and R s .. rtR conventional weapona 
for tacticalt theater and strategiC missiona. 

o Reconsideration might be given to future de
velopment and deployment of high-yield attrate.;Jic 
systems which are more likely to contribute to the 
creation of a severe. global nuclear winter (.pending 
on how they are used) than lower-yield weapons. 

Strategic Defense Systems 

o Attrition of attacking nuclear warhea~ by a 
defense aystftm could reduce the likelihood that a 
nuclear exchan~. vould trigger " nuclear ~~ter. A 
nation that suc-ce-as-fully defended itself against 
nuclear attack with a strategic defense ays.mm could 
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nevertheless create global nuclear vinter effeC4!s by 
launching a retaliatory strike, particularly it the 
adversary did not have a similar ability to destroy the 
att~cking nuclear warheads. 

o Por a nation facing a les8 tt.a~l 100\ effective 
strategic defense system, the unpredictable possibility 
of cr~ating severe nuclear ",inter ettects would in
crease the risks of launching a preemptive strike. The 
attacker might seek to overwhelm the defense syate. by 
launching vast numbers of warheads, but a greater 
number of warheads might penetrate the aefeneive system 
than the attacker anticipated, thue lncre.s1ng the 
possibil.ity that severe nuclear winter effects would 
result from ehe strike. 

o Obscurance resul ting frol'll saoke and dust. in the 
upper atmosphere could reduce defenae effectiveness 
after the initial stages of conflict by interfering 
with optical sensors and other .eans of target 
acquisition as well as guidance systems. 

Arms Control 

o A U.S. arms control. approach that sought to 
ehape the arsenals of both sides to minimize nuclear 
winter effects might be unsuccessful if the Soviet 
Union did not also seek to do so. Even 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 th~ 
possibility of nuclear winter solely by .etting limits 
on the size of their arsenals. Since the severity of 
potential nuclear winter effects would be deterained by 
such criteria as warhead yields, height of burst. and 
smoke and dust creating potential of target arGAS aa 
well as by the number of warheads detonated, efforts to 
reduce the possibility of nuclear winter might h&ve to 
include targeting restrictions, controls on fusing 
option and warhead yield limitations--which ate 
unlikely subjects for bilateral discussions much less 
negotiations. 

o As an adjunct to renewed arms control n~90tia
tions, discussions between the United States and th&' 
Soviet Union--1n a ·subcommission on nuclear winter 
effects,· for example--could be uS9fu! to explore 
Soviet thinking on the subject of nuclear winter. 
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u.s. and Soviet Perceptions of Nuclear winter 

o So~e analysts have suggested that the u.s. could 
face a situation in which U.S.--but not Soviet--leaders 
were convinced that nuclear winter was a serious 
possibility. It is doubtful, however, that aeientific 
evidence that was sufficiently compelling to persuade 
the United States Government to redeaign u.s. lirdted 
nuclear options to minimize nuclear winter effects 
would not also be compelling to the Soviet leadership • 
On the other hand, it is possible that an aS8yeetry 1n 
political pressure for change could develop. 

o The nuclear winter findings may pre.eRt an 
opportunity for the United States to redefine the 
U.S.-Soviet strategic balance. . The Soviets might 
perceive the U.S. to be developing credible limited 
nuclear options that would give the u.s. a strategic 
advan.tage. The Soviets could feel compelled to begin a 
new round of modernization of their forces, emphasizing 
more accurate, lower yield warbeada and more flexible 
deliV'ery systems such as small, single-warhead ICBHs. 
This re-evaluation could place the Soviets at a 
perceived disadvantage despite their masaive military 
buildup of the last decade. It could also provide 
additional incentives for the Soviets to seek 
negotiated arms reductions to limit or prevent 
development of u.S. strategic aavantages. 

Nuclear Proliferation 

o Nuclear winter findings could lncreaae the 
urgency for preventing the further prollferat.ion of 
nuclear weapons if future reaearch conclude. 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 

~ The nuclear winter findings suggest that the 
post-war environment may become increasingly hose!le to 
survivors for a prolonged period--weeks, or eVen months 
following a nuclear attack. The requirements 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 
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current civil defense plana which focus on protead,",) 
the population from the initial blast, fire and 
fallcJut of a nuclear attack. Necessary preparatlor.' to 
enable the population to cope with worst ca.. nudG.r 
wintor conditions might involve the poacattt.e 
expenditure of an unacceptably high level of re.01l'=:.8. 

o u.s. civil defense planning IDight be further 
cOllplicated by the prospect of a nuclear ,dater 
resulting from a nuclear conflic~ on £orei9n territory 
without the United States sustaining direct daaag.... In 
this case, there would be no imm.diate vieti •• OfW.8t 
or radiation to be car.d for I and the economic an<1 
social infrastructure, including industrial produc:.tion 
and medical services, would have remained intact 
initially. Prospects for survival und.rtbese 
conditions might be greatly enhanced by advOlnce :civIl 
defense planning and pre~arations. 

Although the nuclear winter ~inding8 to date say net warrant 

revision of the basic u.s. approach to nuclear strategy., planning 

and aras control, the possibility of nucl.ar winter eff~t8 

raises many important technical and policy ia8ues a~d qu.stions. 

Some oftheae isaues and questions cannot be fully consad(!red 

without further Dcientific investigation. Others call1br 

technical assessment by the Department of Defense, and 'a~y 

eventually require policy decisions. Section 3 of this ~port 

raises some questions for further research in the areas at: 

deterrence and warplanningt targeting, C3I and damage aIBGSSment, 

strategic defense systems, weapons research and develop~.nt, arms 

control and civil defAnse. The report concludes with an appendix 

of conferences and activities concerning nuclear winter and a 

bibliography_ 
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purAC. 

This report was prepared by Palomar Corporation foe the 
Detense Nuclear Agency. It explores potential i_pllcationa of 
new scientific findings concerning potdntial long-tere 
atmospheric, climatic and biological effects ot nuclear war, 
commonly referred to as -nuclear winter.- There are aeny 
uncertainties about the nuclear winter findings that are 
currently the subject of scientific investigations. S-verthe
less, it is assumed for this analysis that nuclear win~er is a 
possible or probable outcome of nuclear conflict. ThL. study is 
one of many policy and scientific investigations of nuclear 
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 decades-
has been the perceived need to be able to use nuclear '¥eapons to 
ensure that a nuclear war never occurs. On the one h~, u.s. 
leaders have feared that any use of nuclear weapons c~ld lead to 
an all-out nuclear war that would threaten the survi~a1 of the 
United States and much of the rest of the world. On ~e other 
hand, they have believed that to prevent nuclear war ·.tlhre U.s. 
needed credible options for use of nuclear weapons to ~ter 
aggression and to terminate a nuclear conflict at the l.owsst 
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 Uni~ed Statea or its 
allies was at stake. 

This paradox 1s inherent in this analysis. The n~lear 
winter findings provide further evidence of tne catastrophic 
nature of nuclear war and should reinforce determinatL~n to avold 
nuclear conflict and to seek control of nuclear arms. At the 
same time, deterrence of nuclear war is believed to rest. l~rgely 
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 State~ 
may require reevaluation of u.s. plans for limited use of nuclear 
weapons to account for possible nuclear winter affects~ 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--eveB if no 
nuclear weapons exploded on u.s. territory. The redesigning of 
U.S. nuclear options to maintain the credibility of deterrencft by 
Illiniroizing nuclear winter effects--which is explored bt this 
report--would not necessacily reduce the risks of escalation to 
all-out nuclear war nor make the use of even a limited number of 
nuclear weapons any lese horrific. 

The vievs, opinions, and findings contained in this report are 
those of the authors and should not be construed as 'a.n official 
Department of Defense or Defense Nuclear Agency positL~n, policy, 
or decision. 
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I1ftRODUCTIOH 

The ~atructive effects of nuclear war res~ting from blast, 

beat and radiation have long been recognized aa ~atastrophic • 

Until recently, however, the scientific and det~e communities 

have incoapletely addressed the long-term atmospbelric and 

climatic effects of massive injectiona intQ the ~oposphere and 

lower at:ratoaphere (upper atmosphere) of dust ad pa't'ticularly 

amoke and soot produced by fires resulting from~uclear 

detonations. The DOst prominent investigation o~ theee 

effecta---Global Atmospheric Consequences of Nuclear War- by 

Turco, Toon, J\ckerman, Pollack and Sagan ('?TAPS)" released in 

November 1983--concluded that blocking of sunli4~t and resultant 

-subfreezing continental land t •• peratures may be caused by fine 

dust raised in high-yield nuclear surface burat~ and by smoke 

generated in city and forest fires ignited by a~rbursta of all 

yielda.- Theae effects, the TTAPS study concluded, could have 

aevere biological and environaental conaequancess and in the 

vorat case could threaten the survival of human and other 

speciea. The scientiata also concluded that su~ extreee 

consequences could result frem a relatively arnall-scale nuclear 

war, -even at the level of 100-1,000 megatons.- These TTAPS 

findings have formed the basis of what is now referred to a8 the 

-nuclear winter- thesia. (1] 
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~h1a report ex .. ine. the potential iaplication. for the 

DepartDent o( Defen .. of the TTAPS study. In Part I, this 

.. ction. we au ... rixe the nuclear winter thesis and note the 

8ignificant uncertainties pointed out by the TTAPS authors as 

vell as by other scientista and defense analysts. In Section 2 we 

explore ao.e of the i.plications of the nuclear winter thesis fo~ 

deterren.:e, strategy, targeting, command, control, communications 

and inte,lligence (e3I), research and -development and force 

lBOderni:cation, anti-ballistic missile systems, arms control, 

nuclear proliferation and civil defense. We also discuss the 

relevanee of these implications for various scenarios of nuclear 

~eapons use. In addition, we examine the potential impact of 

nuclear winter on u.s. and Soviet perceptions. In Section 3, we 

suggest acientific, technical and policy questions for further 

conaideration. Pinally, this report includes an appendix listing 

conferences, studies, articles and other activities concerning 

nuclear winter and a bibliography. 

~h. Nuclear Minter Thesis 

The TTAPS study used unclassified data and hypothetical 

nuclear exchange scenarios to study the optical and climatic 

effects of dust and smoke generatedas a result of nuclear war. 

The scenarios ranged from limited to large-scale attacks and 

included counterforce and countervalue strikes. Computer models 

for the amount and vertical distribution of smoke and dust and 
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conaequent climatic effects were run and analyzeQ for thes. 

scenarios. According to the '.rTAPS report, -foranmy simulat.d 

exc'banges of several thousand megatons, in which ltIoth dust and 

smoke are generated and encircle the earth within 1-2 weeks, 

a'verage light 13vels can be reduc.-3 to a few permnt of ambient 

and land temperature minima reach ~9proximately -15 to -25 

degrees C. Significant effects typically would:lla'st for weeks to 

months, during which time the smoke and dust can spread over much 

of tta globe.- [2] 

The baseline case adopted for the study was a 5000 megaton 

exchange with 20 percent of the explosive power «yield) detonated 

over urban or industrial targets in the Northern ~emispherG. The 

explosive power in other scenarios modelled rangei from 100 to 

ov.rlOtOOO megatons. The 10C megaton scenariopl'Jl3i ted the de

tonation of 1,000 warheads of 100 kilotons each.fDler 1,000 urban 

or industrial targets. The '.rTAPS Rtudy concludeB that even this 

low level scenario of nuclear weapons use--if emPloyed against 

target areas of high smoke and dust creating potential--could 

produce -major optical and climatic consequences-" 

For each nuclear war scenario, the scientists calculated the 

quantity and vertical distribution ~f dust and smoke generated 

and it.jected into the upper atmosphere, the elapmd time these 

particulates remained in the upper atmosphere, em amount of 

sunlight absorbed and scattered by the dust and ~oke, the 
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over ti •• , and the amount of ultraviolet l1qht that reached the 

surface after the dust and smoke settled. 

After asse .. ing the reaults of the TTAPS atudy and othe~ 

reports presented a~ the ·World Atter Nuclear Har Conference,· 

held in Washington, DC, October 31 and November 1, 1983, the 

conferees major conclusions were: 

o fire, SIIIIOke, and dust could pose major pl:Oblema with 
serious and unanticipated long-term environ=ental 
consequences 

o a harsh nuclear winter could prevail wbose unbroken 
pall of darkness would cover the Northern s.miaphere 
and whose effects on the So~thern Hemiapbere would be 
greater than pr9viously assumed 

o even arDall nuclear exchanges could trig,,}ersevere 
long-term climatic effects 

o exposure to radioactive fallout could prove worse than 
previous studies had indicated 

o while there would Nt no • Ice Age,· the ace.os could 
not provide significant relief by warllilit19 the planet 

o ozone depletion would Increase exposure to ultraviolet 
light (uv-a) 

~echnieal uncertain tie. in the Nuclear winter Tbe.~a 

Since the publication of tne T'l'APS study, acae acientiata 

have questioned the magnitude of the predicted effecta, becaua. 

of uncertainties about specific phenomenological p,ltrameter values 

used and the assumed uniformity of the emoke and duet cloud coyer 

that would obscure sunlight. [3] They have &8S6rted that the 

TTAPS study overestimated the quantity of emoke that would be 

genera ted by fires resul ting froll\ nuclear 8xplos.ioas and t.he 
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altitude to which the .aolte and dust would rise. A major study 

by a co.-ittee of the National Academy of sctences (NAS), 

coeai.aloned by the Defen .. Nuclear Agency, confir .. d the 

poaaibl1ity that a large-acale n~lclear exchange couto have severe 

atmospheric and climatic consequences. [4] The coamittee, which 

reteased ita findings in December 1984, concluded that -although 

there are enormous uncertainties involv~ in the calculations, 

the CQIQaittee believes that l()ng-term climatic effects with 

.evere iaplications for the biosphere could occur, and these 

effects should be included in any analysi~ of the consequences of 

nuclear var. However, the commictee cannot subscribe with con-

fidence to any specific quantitative conclusions drawn from 

calculations based on current scientific knowledge. The 

estimates are necessarily rough and can only be used as a general 

indication of the seriousness of what might occur.-

The TTAPS and NAS studies and other scientifIc papers have 

pointed to unknowns and uncertainties in many variables and 

phenomena that will affect the magnitude and duration of at-

.ospheric and environmental effects that coul~ result from a 

nuclear war. Thes. uncertainties include: 

o the area of urban and forest fi~es that would be ignited 
by nuclear detonations 

o the amount of smoke and soot prodOlced by these fires 

o the vertical distribution ~f smoke and dust lofted into 
the upper atmosphere 

o the rapidity and uniformities of spreading smoke and dust 
in the atmosphere 
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o tbe residence ti.es for smoke and dust ia t~ 

atmosphere 

e) bow the smoke and dust alter the radiatioa Udance 
of the atmosphere (llght absorption and .c~arlng 
characteristics of the particulate»} 

o bow the altered radiation balance -f.eds b~· and 
alters normal circulation of the atmosphere 

o how long after the initial nuclear .xplo8io~ befQre 
nuclear winter effecta, if any, begin to occur. 

Variables Dependent on War Scenarios 

Not only are there significant technical uncerttainties about 

the injection of s.oke and dust into the upper at~here as a 

reeu.lt of nuclear exploslons, th.~. are also many '_enario

dependent variables of nuclear war, which would det:a:mine the 

particular character including the magnitude of nuc.1Jaar winter 
. 
effects. The .. variables include but are not limill~d to: 

o total yield (megatonnage) and number of nucbar warheads 
detonated and length of tiM between detonat~ns 

o warhead yielda and modes of detonation (sub~~face, 
aurface, near-aurface or air burst) 

o ~ke and dust creating potential of target i:tteas 

o the distanee between detonations 

o prevailing atmospheric conditions and the sason 
In which a nuclear" war occurs 

A change in one or more of these key variables will dffect 

the nature and extent of the fire. created and the amount of dust 

and. amoke Inj~cted into the upper atmosphere. Themfore, the 

total yield of nuclear weapons used is a les8 prec~e indicator 
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of nuclear winter ob.eur.ti~n effect. than the amoke and dust 

potential of the t.~'get areaa attacked, the yield of the warheada 

a .. 19nod to t~. targeta and the .odea of detonation of those 

warheada. A low-yield warhead detonated over 8 city, for 

exeaple, will more likely contribute to producing a nuclear 

winter than a higher-yield warhead detonated over a desert or at 

sea • 

A .. uaptio~. for this Study and Definition of ~.raa 

For "urpo ••• of analysi., we have assumed that. a nuclear 

winter &8 deacribed in the TTAPS atudy i. possible after some 

level of nuclear weapona use, and that the Dagnitude and duration 

of a nuclear winter would be dependent on the nucl •• r war 

acenario. We have used the term -nuclear winter effects- to 

refer to all the potential atmospheric and climatic phenomena 

described below that could result fro. a nuclear war. In 

analyzing the i.plicationa of nuolear winter, we have focuaed 

primarily on a continuum of nuclear winter effects, but we have 

alao exa.ined the possibility of a sharp--and potentially-

quantlflable--threshold belowwhlch there would be virtually no 

nuclear winter effecta and above which theae phenomena would 

occur in their moat .evere forms. 

~he TTAPS authors initially sU9gested that there may be ~ 

yield threshold above which a severe nuclear winter ~ould occur. 

(5) This threshold, they concluded, could be as lev a~ 100 

1 
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.. gatons detonated over 1000 urban/indu.trial targets. 

The notion of a nucl.ar winter -thre.hold- has been 

questioned by many scientists, however, wbo a.sert that there is 

a greater likelihood of a contirluulI of ateoapheric and climatic 

effects resulting frail nuclear detor-ations. (6] At one end of 

the continuum would be relatively low accumulation and patch~' 

distributif)n of slDOke and dust in the upper atmosphere. Whether 

or not thls initial accumulation of dust and smoke causes the 

temperature depres.ion characteristic of nucl.ar winter, it could 

stl11 have implications for u.s •. 'luclear strat09Y and planning as 

will be analyzed in Section 2. At points further along the con

tinuum there would be a greater accumulation and spr •• ding at 

dust and smoke in the upper atmosphere which could result In a 

more unitorm cloud cover and obscuration ot sunlight and in 

short-term temperature depression of a few degree. andreglonal 

quick frosts. The .. effects would worsen at points along the 

continuUlI1 and at the far end there would be extreme effects, 

including the formation of a global blanket at smoke and dust 

creating near-total darkness, that could result in long-term 

temperature drops on the order of 15-25 de9r~es Centigrade. 

Within the spectrum of cases the atmospheric and climatic eff.ct~ 

could produce varying degrees of darkness and cold that could 

last for days, weeks or months. 

'--



./ 

/ 

, 

phenomena may not be very .i9niflc~nt. An all-out U.S.-Soviet 

general nuclear war i. likely to create such vast sho=t-ter.m 

de.trul::tion and los. of life that the long-term .-taospheric ancS 

clilDatic effects-whether mild or .evere-would be of relatively 

little consequenee for planning purpoH8. It would be yet 

another factor making a massive U.S.-Soviet nuclear exchange 

·unthinkable.- Nuclear winter would have more slqniflcant 

implications for u.s. policy, however, if some--but not all-

limited nuclear attacks could result in nuclear winter effects. 

This would be the ca.e whecher nuclear winter effecta were a 

result of crossing a threshold or 1I0v1ng along a cOI'lttinuum of 

effects. The credibility oL U.S. deterrence could be sub

stantially weakened if U.S. options for limited uee of nuclear 

weapons were perceived as likely to create severe "Gelear winter 

effects, and thus not likely to be used--even in an extreme 

cr1.is. Since the nuclear winter effecta of a particular limited 

nuclear option would be determined by the number of ~arheads 

ueed, the-yields and modes of detonation of those wuhe.ds, the 

targets attacked and other factors, the credibility of deterrence 

might be restored by redesigning limited nuclear op~ons that 

would minimize nuclear winter effects. In Section 2 of this 

report, we will assess the implications of possible auclear 

winter effects produced by limited nuclear attacKs.ad meAsures 

that could be taken should the U.S. se.k to mitigat. those 

effects. 
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If a very low nuclear winter threshold were established, 

many if not all limited nuclear attack options might no longer be 

credible. In this case, nuclear winter could beco~e another 

8ignificant factor contributing to nuclear deterrence, 

particularly if the Soviets also accapted this threshold--and the 

limits it placed on their ability to use nuclear weapons. To 

minimize the possibility of nuclear winter, neither side could 

plan to use more than a few, if any, nuclear weapons against 

smoke and dl:lst creating target areas. For purposes of analysis, 

we have examined the ~ossibility that the use of a very small 

number of nuclear weapons--tens, not hundreds or thousands--could 

result in nuclear winter effects. However, published research 

findings of the TTAPS authors and the National Academy of 

Sciences do not consider the potential nuclear winter effects of 

scenarios involving such a small number of nuclear detonations. 
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SBCTION 2 

POTENTIAL NATIONAL SBCURITY IMPLICATIONS or NUCLBAR WINTBR 

Potential nuclear winter effects create additiona1 un-

certainties for national leaders and nuclear strategiets and 

further complicate calculations of deterrence. 

The current arsenals of both nations already have sufficient 

second-strike capability to inflict damage on a scale that 

credibly threatens the survival of the attacker--altnough a 

coercive attack by the Soviets is still a worrisome threat 

scenario. Tne additional threat of global nuclear wlnter--which 

the TTAPS and other studies suggest is already likely to result 

from such a massive nuclear exchange--would probably not be 

considered necessary for deterrence of an all-out attack. The 

declared policy of the United States has been to seek credible 

options for lower levels of nuclear weapons use to strengthen 

overall deterrence, including extended deterrence for our NATO 

and other allies. While any use of nuclear weapons has been 

viewed as extremely dangerous, credible limited options for use 

of nuclear weapons even against soviet targets have been per-

celved as necessary to maintain deterrence. It is the contention 

herei~ that nuclear options that result in significant nuclear 

winter effects may be less credible and thus weaken deterrence. 

(7] 

It should be noted that we have not focused on the 

alternative of maximizing nuclear winter effects to enhance 

11 
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deterrence. While the .. ana for doing so are relativeny self

e.,ident if the TTAPS theory 1. correct, it is unlikely that 

either the United State. or the Soviet union would plan to 

aaxl.1ae the nuclear winter effeeta of their attack options-

although a s .. ller nuclear power might. Nor would ei~t:ter power 

.eek to Ba.i.1ze the nuclear winter effects of attacks on its own 

territory--by placing likely targets such as ICBMs inaities, for 

exaaple. 

~hls .. etion examines SODe of the potential impl~tions ot 

the nuclear winter findings for: nuclear strategy and~ieterrence: 

target.ing strategy and selactio",; nuclear command, control, 

communications and intelligence (e3I): future research and 

development and force modernization programs: strateg.1~ defenae 

syste.s: civil defense planning: arms control assumptnns and 

approaches: and crisis stability_ 

Kuclear .eapons Policy: Strategy and Deterrence 

Tne possibility of nuclear winter effects sU9gestf.l that 

-.utual aasur~ destruction- could be a likely outcome of even a 

largely one-alded I\uclear exeh4nge. If we assume that the 

ataoapheric e!fects could spread throughout the globe and that 

therefore the effects of a nuclear attack could threau~ the 

survival of all atatea, aft attacking nation could be e'lfectively 

destroyed by it .• own nuclear ",*,,,,.porUII e.,en if there wew little 

or no nuclear retaliacion by t~ attacked 3tete or its allies. 
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Although a may a' 

d~ya_tating nucl.ar wlnt.~, an attack by the U.S. or the Soviet 

Union ai •• d at preempting the other _ide's nuclear' forces would 

require a sufficiently large-scal. us. of nuclear weapo.a that it 

could produce .evere global atmospher!ro and climatic effects. 

Thu., a first-.trike which effectively destroyed an adversary's 

retaliatory force. might represent a pyrrhic victory foe the 

attacker. 

U.S. det.rrence policy has long been premised on ~ notion 

that nuclear force. must be able to survive a first strike and 

inflict unacceptable damage on the attacker in retaliation. The 

possibility of nuclear winter--especially if it is dete~ined 

that the scale of an attack necessary to preempt either side's 

offensive nuclear forces would creatft such effects--coulll3 reduce 

both the operational and perceived significance of some strategic 

vulnerabilities. For example, the theoretical ability 'to pre

emptively destroy an adversary's land-based ICBMs might be less 

likely to weaken deterrence if this advantage appeared .less 

exploitable because of the additional uncertainties and dangers 

of a nuclear winter. Even leaders of a nation with an ~ffective 

ABK system might be self-deterred from launching a preemptive 

strike in a crisis for fear of triggering a nuclear winter. 

Concern about nuclear winter could increase the 

uncertainties confronting decision makers in a crisis. This 

concern could reduce incentives to initiate use of nucl~ar 

13 
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abort-term advantage. gained through nuclear strikes .ight be 

n~ated by long-term nuclear winter effects. 

~he possibility of nuclear winter effects also creat.~ new 

difficulties for the nation considering retaliation for a nuclear 

first .trike. The leaders of the attacked nation would have to 

assess tbe ext:ent of nuclear winter effects created by the firat 

strike on their territory (and that of other countries, including 

their ~llies) and then calculate a response that would not 

exacerbate these effects and further devastate their own country. 

Theoretically, if there were a quantifl.able threshold for nuclear 

winter--below which there weru few effects and above which a 

severe nuclear winter would be creat&d--then the attacker could 

calculate the initial strike to be jwst below that threshold. 

~he victim, assuming knowledge of the threshold, would then face 

suicide if it retaliated and the attacking nation could emerge 

having aChieved its war aims. 

Not only would such a strategy be very high risk, but it {s 

unlikely that a threshold could be precieely calculated or that 

nuclear winter effects could be carefully controlled in c('lrrying 

out a first strike. Moreover, the attacked nation would still 

have retaliatory options such as use of low-yield warheads 

against target areas of low smoke and dust creating potential. 

• The attacking nation could never be certain that its adversary 

would be self-deterred from retaliating, although it might 

14 

,,{. 

/ 
{' -- .. 



'/ 

/ ' 

" 

,. 

, 
i 

, . 
. '\ 
" ~ 
:\ 
~ -. 

~. 
\'~: .. ~b· .~ 

\ ., 
\ 
\ . 
\ 

", 

" 

calculate that the victim would not risk the aevere atmospheric 

and cliaatic consequence. of -.assive retaliation.-

Xf both the United states and the Soviet Union perceived 

that the threat of a nuclear winter exi.ted at a certain level of 

.. gnitude of nuclear weapona us., prospect. for intra-war 

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-seale exchange. The caution 

exercia.~ by leaders on both sides might increase prospects for 

negotiating war termination. [8J 

Extended Deterrence 

The U.S. and the European NATO powers have long stressed 

different i.plications of the Alliance'. -flexible rtispoftse

atrate;y. Por the U.S., flexible response has implied responding 

to Soviet A9gr ... ion at any level of conflict while allowing for 

the possibility of preventing escalation from conventional war to 

the U8e of tactical nuclear weapons, froa use of tactical to 

the.t.er nuclear weapons, and finally to use of strategic nuclear 

forc.s against the U.S. and soviet homelands. For Europe, 

flexible response haa implied deterrence by threat of rapid 

e.calation to use of nuclear weapons, thus ruling out the 

possibilit.y of a aajor U.S.-Soviet war confined to European 

territory. At the same time, Europeans have expressed concern 

that U.S.-Soviet parity in strategic weapons has both weakened 

15 
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the -coupling- of 0.5. strategic forces to European defense and 

increased the possibility that the 0.5. would seek to limit a 

conflict to the European theater should deterrence fail. 

Assessments of nuclear winter phenomena are not likely to 

lead to resolution of these basic dilemmas of u.s. extended 

deterrence for Europe. On the one hand, it might be determined 

that large-seale use of nuclear weapons ir Europe would create 

nuclear winter effects and leave the U.S. and the Soviet onion 

without a meaningful homeland -sanctuary.- This would seem to 

strengthen the link between 0.5. and European security by sub-

stantial.ly decreasing the possibility that the U.S. and the 

Soviet Union could escape devastation by confining a nuclear war 

to Europe. On the other hand, this link could be weakened if it 

were perceived that both u.S. and Soviet l~aders would fear the 

possibility of creating a nuclear winter in the event of conflict 

in Europe, .nd thus they would seek to prevent escalation beyond 

the use of battlefield tactical nuclear weapons--such a tactical 

nuclear conflict could have potentially catastrophic effects fOr 

Europe without triggering a global nuclear winter. This per-

caption could undermine the credibility of the U.S. nuclear 

umbrella over Europe. At the same time, this could encourage the 

perception in the Soviet Union that an attack on western Europe 

would not necessarily escalate to a strategic exchange with the-

United States • 
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Aa noted earlier, the total mega tonnage of a nuclear 

exchange is not the sole, or even the primary variable de

teraining the magnitude of nuclear winter effect:s.. Rather, the 

aaoke and dust production potential of the target. areas and the 

yl.1ds and heights of burst of individual warheads are likely the 

key variables. ~~ua, targeting strategies for nuclear attack 

options are of critical importance in assessing the potential for 

creating a nuclear winter. Nuclear strategists_e likely to 

expect that the immediate destruction resulting from an all-out 

"ar would be so great that long-term effecta sucb as nuclear 

wint.r are of secondary concern. But, Potential nuclear winter 

effecta could be critical in evaluating limited nuclear attack 

options designed to achieve political objectives and war 

teraination short of a full-scale conflict • 

. o.s. policy has long been based on the premise that in an 

extre.. criais l the president should have options other than an 

all-out nuclear strike against the soviet Onion .1n response to 

aggression. If the possibility of nuclear winter effects 

resulting from even limJ.ted nuclear exchanges were considered a 

serious danger, but the president had no means of knowing with 

certainty the nuclear winter potenti.al of various nuclear atta<:Jt 

options, the U.S. ai9ht be self-deterred in a crisis. The 

credibility of u.s. deterrence might be further diminished if the 

Soviets perceived the o.s. to be self-deterred by fear of 
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creating a nuclear winter--e.pecially if Soviet l-.ders 

themselves we~e not deterred by such concern.~ 

~t pre .. nt, in detailed attack planning, u.s. planners 40 

not consider the smoke and du.t creating potentiate of given 

target types or of the particular warheads to be "~onated at 

specific altituJes over those targets. There is eo data ba •• or 

analysis methodology for as .... ing these potentia1a. Such a data 

baae would have to include the smoke and dust cr .. ~in9 potential, 

fuel 10ad1R9, and Ilany other factor. of both the 'target and ita 

.urroundillg area, which could include a city. Al' .. , a data base 

on the fire-creating effect. of yields and altitua.~ of bur.t of 

different u.s. nuclear weapons is currently not a¥ailable. 

Without such data bases, limited, or any other nuclear attack 

options could not be evaluated for their nuclear winter-creating 

potential. 

If it were determined that nuclear weapons e~oymont 

optiona should be foraulated to _ini.ite nuclearw.lnter effects, 

u.s. nuclear planners could explore the poaaibilltl.s of de

signing liMited nuclear attack options to minimize the 

acaospheric and cliaatic effecta of attack options vhile 

maximizing the potential of achievinq policy goals vis-A-via the 

SOviet Union. A detailed analysis would be requlr.a to deter.!". 

whether critical soviet assets could be held at riak without 

designating high smoke and duat creating target ~reas. Criteria 

calling for minimizing nuclear \linter .ffecta lIlig~kll!: requir-e • 
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rca-evaluation of attack options against various classes of 

targ.ts. 

Bas.d on th.se considerations, the U.S. could potentially 

identify, categorize and set priorities for military targets 

bas.d on their smoke and dust production potential and their 

collocati,ons with sources of smoke and dust. In addition, u.S. 

nuclear \leapons systems and current plans for their use could b. 

evaluated for their fire-creating potential (for example, 

"inute~ln III warheads and planned modes of detonation ov.r 

epecific targets). This would enable reconsideration of which 

weapons should be designated against spec~fie targets and the 

altitude of detonation. It might also make possible placing the 

higheat amoke and dust producing target aress--such as cities--in 

withhold categories. Finally, requirements for future weaponry 

could be established following a reassessmar' ~~ targeting 

etrateqies based on the nuclear wiut.... ..1ndings. To minimize 

pot.ntial nuclear winter effects, for example, small-yield, 

highly accurate nuclear warheads, .arth-penetrating warh.ads, and 

conventional warheads could be reserved for use against strategiC 

targ.ts. Any reaction to mitigate perceived nuclear winter 

effects would have to be evaluated also in terms of its perceived 

and actual effect on deterrence. Any response that was judged to 

have a degrading effect on deterrence would have to be balanced 

against the perceived benefits • 
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Aa noted in the introduction to thio repor~# nuclear 

.tratf.gy alao could be complicated by the short~ atmospheric 

effect. of nuclear detonation •• The injection dfamok. and dust 

tnto the upper atmosphere and it. retention anc!tmBper.iou, even 

if it did not result in temperature depression, ,xould complicate 

atteapt. to control escalation and to terminate ,a nuclear war. 

Controlling escalation and achieving war tamanation are 

dependent in large part on accurate and timely WI'aIqe as.essments 

and effective control of u.s. n.w:lear forces. U.£E. .. means for 

intelligence collection, after nuclear weapons U~, however, may 

be .usceptible to greater degradation than prevtOl.Bly expected 

becau.e of the atmospheric opacity caused by the ibj8:ction of 
. 

.... iv. quantities of smoke and soot. At the .ame time, soviet 

-decapitation- .trik •• against U.S. C31 systems\~ld disrupt 

control of u.S. nuclear forcea. Such diaruption cmuld prevent a 

coouolled O.S. response for Wolr teraination at'. 1 ••• 1 of 

$JClear weapons use below that which would create aevere nuclear 

winter .ffects. 

The nuclear winter p~enoaena could intluenc» but not resolve 

the .trategic debate over whether or not to pre.lIRt e31 syatems 

in a nuclear conflict. On the one hand,. it wouUl appear 

desirable to avoid targeting ClI as.ets 80 the 1~.r.h1p of each 

country could aaintain control of its nuclear we~n. to prevent 

launch and retain the option of Meking war terarhat.ion through 
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dir.ct contact with the adver.ary. On the ct~.r hand, fear of 

nucl.ar winter could create an inc.ntive to launch a decapitation 

strika again.t e31 .... t. rather than again.t often.ive .yste.s. 

A e31 attack .ight be perceived as offering the possibility of 

pr.v.nting the launch of the .dver.ary·s nuclear forces without 

having to de.troy all of it. nuclear delivery vehicle._ A e31 

.trik. could require only a fraction of the number of warhead. 

n.c .... ry for a count.rtorc. attack and thus could mitigate 

potential nucl.ar wiftter effects. A nuclear decapitation strike 

would be perc.iv.d a& .xtr ... ly dangerous under almost any 

cireua.tanc •• t and pre.uaably would be considered only in extr ... 

ca"s-vhen the risk. of not taking such action are judged to be 

.V8ft great.r than risks of acting_ Such a decapitation strike 

.ight be con.ldered if on. alde believed the other vas preparing 

to launch a .... iv. first strike. 

'I'he atao.ph.tric effect. that could lead to a nuclear winter 

thua .. y iner.a .. already strong incentive. for botn the Soviet 

unlOft and the United Stat •• to dev.lop and build more enduring 

e31 eyst .. s or at l •• st to incorporate nuclear winter pheno .. na 

in planning nev .yat ••• that could .urvive a decapitation .trike. 

Th. hard.ning of e31 syate.s would likely enhance deterrence 

and .tabillty by reducing eonfidenc* that a nuclear decapitation 

strike would be succe.sful. It steps were not taken to harden 

likely to be dttacked aight lead to adoption of a wlaunch under 
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attack- strat.gy or to d.l.gate launch authority to lover levels 

of co .. and. In addition, both sides may se.k to d.v.lop n.v 

•• n.or .y.t ••• that can penetrate atmo.ph.ric opacity to provide 

tl .. ly and accurat. da .. g. as •••••• nt •• 

ruture aiD and rorc. Moderniaation 

If future r.s.arch on nuclear vinter l.ad. to a deci.ion to 

take st.p. to .iniaiz. the •• v.rity of global atmo.pheric and 

cliaatie _ff.cts in the event of nucl.ar conflict, th.n an 1m-

portant ar.a of conc.rn vill be fore. DOd.rnization program •• 

Th. obj.ctive of such program. vculd be to strength.n deterr.nce 

by maintaining cr.dit-l. Ihaited nucl.ar option. that vout" not be 

self-d.terring. 

u.s. and Soviat technological dev.lop-.nts have mad. 

po •• ibl. incr.asingly accurat. nucl.ar w.apons .y.t.... The •• 

development. have r.ducad the perc.ived yi.ld r.quir ... nte for 

attacking hard.ned targ.t.. In the future, .ven gr.at.r improve-

.. nt. in accuracy .hould allow for far small.r yi.lds (10 

kiloton. or I ••• ) on some syst ••• , which could further diminish 

collateral da~a9.' including fir •• t ~nd consequently the lik.

lihood of g.n.rating s.v.re nuclear winter effects. In addition, 

... 11, .arth-panetrating warheada and warheada fused for air or 

.urfac. burats adjusted to m1nimize the amoke and dust creating 

pot.ntial of their detonations may be assigned to stratagic 

_isslons. 
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Interest may also be reinforced in replacing nudear weapona 

with • ... rt· conventional weapon. for tactical, th.~r and 

strategic _i •• lons. Such weapon. could include h19K~-accurate, 

10ng-range cruise mis.iles and higher-yield conventllnal 

explosives. 

~hile the trend in weapons development haa been toward in

cre.sed accuracy, warhead yield has also been incr.~d on 80 .. 

U.S. strategic systems. Consideration might be given to 

development and deployment of some lower-yield warh~8, which 

might be less likely to contribut. to creation of a~obal 

nvclear nuclear win ear (depend1ng "n how they are ulDd) than 

higher-yield weapons. The U .. S. deterrent posture IIlIi:ljlt be 

further .tren9thened lf such lower-yield warheads w.m deployed 

on single-warhead ICBMs to max1.ize strategic flexitVlity and 

ainimize potential nuclear winter effects. Por .xa~~., 500 

warbeada on 500 delivery vehicles would provide a witer range of 

options for liaiting nuclear strikes to aini_lze nud»ar winter 

.ffecta .than would 500 warheads on 50 MIRVed sy.tea~" alnce all 

tan warheada would have to be used with each firin9~~ a MIRVed 

al.sile. 

As noted in the previous section, a strat8iJlcru.clear fore. 

aodernization program that sought to .lni8ize potentLal nuclear 

winter effecta would include development of a more lUrvivable and 

capable e3I. The national coaaand authority would~uire 

durable wartime damage asseas:ment capabilities to "mure control 
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of nuclear weapons use, .scalation, and the tarmination of 

conflict without creating global nuclear winter affecta. 

Strategic Defen .. Sy.t ... 

Although deployment of strategic defense .ystems might be 

jud9ed descabilizing as ",ell as extre.ely expe".ive and possibly 

in violation of ex1sting arms control treaties, efforts to 

destroy attacking nuclear warheads by such defense ~y.tems could 

reduce the likelihood of a nuclear exchange triggerin~ a nuclear 

winter. 

The possibility of creating severa nuclear winter effects 

would increase the risk. of launching a preemptive strike for a 

nation facing a leas than 100\ effective strategic d.~en8e 

eyate.. If the attacking nation did not face possible attrition 

of its forcea by atrate<Jic defenses, the number of warbeads 

nece •• ary to accoepliah ita political and .llttary goals theo

retically could be calculated to determine the likely severity of 

nuclear winter effects created by the attack, eepecially if a 

nuclear winter Wthre.hold- had been scientifically identified. 

But .uch a calculation would not be perceived a. reliable by the 

attacking nation if it vere confronted by a atrategic defense 

ayate. tbat would destroy an uncertain percentage of its 

warhead.. In an effort to ensure the succeaa of the preemptive 

strike, the attacker might a.ek to overwhelm the defense 8ySt~. 

by launching vaat numbers of warheada. If a greator percentage 
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of warheads succeeded in penetrating the defense system than the 

attacker anticipated, the posaibility of producing severe nuclear 

winter effects would be increased. A relatively effective 

defense system could also result in • return tc reliance on 

attacking soft targets, including cities, tor retaliatory 

strikest poasibly increasing nuclear winter effects. 

Current research under the administration'. ·Strategic 

Defense Initiative,· is examining different systems for use 

during four different phases of ballistic mis.ile trajectory 

(boost, po.at-boost, exo-atmospheric and terminal). It has not 

yet been determined whether strategic defense systems would 

contribute to nuclear winter effects if nuclear weapons are u5ed 

to d.stroy incoming warheads or if these warheads are fused to 

detonate if attacked. The nuolear winter implications of nuclear 

explosions in space or at extreme altitudes in the atmosphere 

have also not been investigated. 

Since nuclear winter effects may develop relatively slowly 

as the result of large-seale fires, the.e effect6 may have little 

(if any) consequence for ballistic missile defense 1n the early 

stages of a nuclear exchange. But the obscurance resulting from 

smoke and dust injected into the upper atmosphere could 

eventually interfere with optical sensors and other means of 

target acquisition aa well as guidance syste •• and thus reduce 

defense system effectiveness • 
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o~ •• verity at & oucl.a~ wints~, it would offer no protction 

trOll it. ett_eta. ()~ec: it oeeur:,N.. If there were a ve\"Y low 

thre .. hold tor (··It.lCl ..... lf winter, & nati;)n with. de·t.netvGsystelll 

that vas leslS t!~n 100' effective eight not be able pro.'bct its 

popul. ~;ion trOl"l t.h" effect. of nuclear war produced by;;?atona

tions on ita own so11 ~ven if & very large percentage ~tthe 

attack~ng warheads vere destroyed. In addition# a natba that 

sucees.fully detended 1 t.elf aqa1nst nuclear attAck wlt1t· an 

de tens .... ./.telll could nevertheless U-1gqer a 91~bal nuckr winter 

with its retaliatory .trike l~ the a~~er.ary did not hNe a 

aiailar a~llity to destroy th. attacking nuclear "arhe_. (9] 

Theoletieal1y, the nation that detended itselt a<:;ainstl(k'Ost of an 

attacker'. nuclear weapona could face the possibility bat its 

nuclear retaliatory strike would create th4 .evere glob! nuclear 

winter that it sought to avoid. Limited retallat~ry .~kes 

could bo d.Ltigned, however, to .lI1nl.1:. nuclearvinter;lIitfect •• 

Area Contro; 

A U.S. arms control app~oach that sought to ahapetbe 

ars""nals of both aidea co .triA1:e nucllllar winter .ff.,ct. might 

be unsucce5Sful if the Soviet Union did not share 'tne981. 

While Soviet sclent16ts bave published st.udt •• ct global 

at!lllosphlllric and clilUtie .-ffe-eta of roueleat val" t.Mt pa1i!lllel the 

o.s. nwclear winter findings,. as yet there 1. no .vid.ce that 

.' 
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-the soviet political and ailitary leadership consider 

winter a serious planning or operaCional concern. 

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 

be used to explore Soviet thinking on the subject of nuclear 

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 nec::essary to await further scientific evidence before 

beginning such discussions. 

Even if Moscow and Washington were wil_ing to drastically 

reduce their nuclear arsenals, they could ,': eliminate the 

possibility of nuclear winter solely by setting limits on the 

number of launchers and warheads. Since the smoke and dust 

cr~ating potential of target areas, warhead yields, and height of 

bursts are more important criteria than numbeLs of warhe~ds 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. Hypothetlcally, 100 one-megaton 

warheads used against cities might have the same iltmospheric and 

climatic effects as 1,000 fifty kiloton warheads used against 

less-combustible target1. Thus, to ~void the possibility of 

nuclea~ vinter if both sides used all their weapons, sh~uld the 

agreed upo~ nuclear warheads ceiling--presuming there were no 
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'r .... nt. on warhead yield--be 50 or 500 weapon. apiece? For 

Ie pa.t fifteen year. only the number. and characteristics of 

,apona syst ••• and the numbers ot warheads on ballistic .issiles 

lve been subject to negotiation. For the u.s. and the soviet 

,ion to reach agreemant on nuclear arms reductions that would 

tarply reduce the possibility of nuclear winter, the two sides 

Lght have to negotiate targeting restrictions, controls on 

ning options and warhead-yield limitations--unl~.kely subiects 

,r bilatera1 di$cussions much leS8 negotiations. Targeting 

td fusing opf:ionsare inherently non-verifiable. Even if there 

Jre agreed restrictiona, targeting and fus!ng could be ch~nged 

t flight or in a matter of minutes before launch. 

Some unilateral anJ bilateral measures in. arms control might 

• possible to rQduce the likelihood of severe nuclear. winter 

ffects should deterrence fail. Consideration could be given to 

.gotiatiog reductions of weap~ns systems with high-yield 

lrheads and both sides could agree to develop systems les8 

lkely to cr~ate severe nuclear winter effects. Such weapons 

.velopaent programs could emphasize low-yield warheads, although 

,w-yield war"heads fIIay not reduce nuclear winter effects in all 

toes, especially if there were no ceiling on the number of 

lrheads deployed. 

Even if tha Soviets reject direct discussions of nuclear 

inter in arms control negotiations, the formulation of a u.s • 

rills control position should be coordinated with u.s. research 

28 

-.. . f \ 
• F. .. -~_ . \ 

\ 

-:: :' " 

< ,y~ /'. 



'II . 

~* -
"<J 

.L. 

1 

J 

... 

·f , -

- F .. 
f 

~ 4ewelos-ent and force lIOdern1zation progr_a.. The U.S. arm. 

control atrat4l9Y the" .1ght ai.m at allowing for modernization of 

o.s. forces to' l18it nucl •• r winter effects while a.eking to 

It.it or reduce the Soviet Union a • nuclear weapons system. 

perceiv.a .. .oat threatening. 

".a.urea that could be taken by the United State. and the 

S09iet Oaion to' .in181ze potential nuclear vinter effect. in the 

...nt of a nuclear war say not be in U.s. interest., however, for 

reaaons aarelated to concern about nuclear winter. Por example, 

tdUle the u.S. 8igbt want the teras c III an araa control agre.sent 

to all.ow fcr reatructuriftCJ of the O.S. arsenal, would it want the 

soYieta alao to' deploy .i.ilar ay.teas? Doe. the United State. 

want to sbape a future atrategic envlronaent in which both the 

u.s. and the Soviet Union bave deployed araenals vith hlghly

accurate. .ery lov-yield nuclear weapona which if used would 

.tft~ae both w...diate collateral d •• age and the severity of any 

loag-tera nuclear winter effecta? Would 8ucb a Soviet arsenal be 

~e able to' hold eor. u.s. atrat~ic aa.ets at risk? 

a..n without SUCh a radical restructuriRg of the atrateqic 

ar .. n&ls of the u.s. and the Soviet Union, would it be possible 

-or deairabl ___ ::..·~, aove toward deployment of limited nu.bers of 

-nuclear winter proof- weapons Oft both aide. while not e11_1n&

ting all the larger-yield weapons syste •• unti1 their lite cycle • 
. 

are oyer? Would such an ara. control outcome provide enou<}h 

additioca1 protection a9a~.t nuclear vinter in reali8tic liaited 
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war acenarios to justify the expense or effort? Would both sides 

want to aaintain a reserve of -city busters· ae an ultimate 

-doomsday machine- retaliatory threat? Furtber research into 

these and other questions would be necessary as part of any 

effort to include consideration of the iaplications of nuclear 

winter effects in arms control. 

Ruclear Proliferation 

Nuclear winter findings could increase the urgency for 

preventing the further proliferation of nuclear weapons if future 

re .. archconcludes that significant atMOspheric and climatic 

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

hundreds or thousands) of nucl€:ar detonations over highly 

coebustible targets. 

If a very , w nuclear winter threshold were identified, this 

could provide a strong incentive for nations to acquire nuclear 

weapons. In such a case, a country with even a few dozen nucl,~ar 

warheads and delivery vehicles could potentially gain political 

leverage by threat of nuclear blackmail. At the same time, a 

very low ttreshold could di.inish the political value of the U.S. 

and Soviet nuclear arsenals. The vast numbers of weapons each 

country possessed in excesa of those necessary to trigger a 

nuclear winter aight be &een as far leas significant politically 

and militarily. 
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If it is deterained that inst.ad of a threSfio~d there i. a 

continuus of nuclear vinter effect., the injectbn of sacke and 

du.t fro. dozens of nuclear detonationa over high smoke and dust 

creating target areas would have 1... .i9nlfica~ implications 

but would neverthel... rai.. n~ concern aboutnlclear 

proliferation. Nationa vhich acquired nuclear ~pons could not 

credibly tbreaten to set off a .. vere nuclear vtre.or •• they 

would be able to do if there vere a very lov thv~hold. Even if 

the tnreat of a nuclear vinter could not be u.edler blackmail, 

the uee of nuclear veapons by" new nuclear natiol'lil! might produce 

adver .. global or regional atmospheric and cli.~lic effeeta. 

~be .. effect. could include, for example, t.mpe~ur. depre •• ione 

of a fev degrees in .cattered areas vbich may relUlt in massive 

crop failur •• in climatically sarginal agricultuml regions. (10] 

The potential effects of a very amall nu.~ of nuclear 

•• plosiona vas not addressed by the TrAPS study,:u: subsequent 

reports. While the 100 Dt9aton city attack in 'MAPS caused 

severe nuclear vinter, a smaller attack could s~ql result in a 

-significant- nuclear winter, according to T~APSmodelin9. If 

future research determines that the use of fewer weapons (even if 

detonated over high sacke and dust creating tarc:p;t areas) will 

not inject aignlfleaat quantities of soot and d~t into the 

atmosphere then the nuclear winter findings will likely have 

little consequence for proliferation. 
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Ci"il Defee .. 

~be civil defen .. progra •• of the Onited Stat ••• and 

apparently tho .. of the soviet onion aa w~ll. have been aimed 

priaarily at protecting the po~ulation fro. the laitial blast, 

radiation and .ubsequent fire and radioactive fallout of a 

nuclear attack. An underlying assumption of the.. program. is 

that the aituation for survivor. of a nuclear war would iapro •• 

within day. or weeks as radiation levels subsided and order and 

the production of basic n.ce •• iti •• were gradually restored. The 

nuclear wint.r finding., however, .ugg •• t that tha .nvironaent 

aay beeo.. incr ••• ingly ho.til. to .urvivor. dur1m9 the weeks, or 

.. en .aDth. following a nuclear att~ck • 

~be requir.ments for .h.ltering, f •• ding and oth.rvl .. 

caring for survivors of a nucl.ar conflict faced ~ith a nuclear 

winter woul4 be far BOre ext.naiv. (but not impoutbl.), than 

those anttcipat~ und.r current civil def.nae a .... ption •• 

Pre.ent plana for .v.cuation of the population frQB citi •• to 

rural ar.as would not n.c .... rlly enhance long-t~ prospect. for 

.urvival. Evacuated survivor. of the immediate blast, theraal 

and .hort-term fallout effecta of nuclear weapons detonations 

would bave to be protected against prolonged periods of cold, 

darkness and radiation. Sustaining these survivar3 for ~tba 

rather than a few days or w •• ks as now envisioned could require 

construction of extensive and elaborate shelters i~d stockpiling 
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of far larger supplies of food, fuel and fre.b vater than current 

preparationa anticipate. 

o.s. civil d~'en.e planning .ight be further complicated by 

the p~o.pect of a nuclear winter witbout baving sustained any 

direct damage to u.s. territory a. a re.ult of • nuclear conflict 

aaong other nation. or on foreign territory. Pre .. nt civil 

defen.e plan. and preparations would be largely irrelevant, for 

example, in tbe event of a U.S.-Soviet nuclear conflict confined 

to Europa or a Sino-Soviet nuclear war that triggered global 

nuclear winter effect.. There would be no iamedlate victt •• of 

blast or radiation t() be cared for, and the economic and aoc!",l 

infrastructure, including industrial production and .. dical 

aervices, would have re •• ined intact initially. The task of 

civil defense in the days or weeks prio~ to tbe oneet of nuclear 

winter conditions would be to organize protection of the 

population ayainst the long-tera atmospheric, climatic and 

biological consequence. of a distant nuclear conflict. Prospects 

for survival under the.e conditions migbt be greatly enhanced by 

advance civil defense planning and preparations. 

If there is a continuum of nuclear winter effects, then 

civil defense programs could be dev~loped to prepare the 

survivor. to cope with some of the proble.s they caight face in a 

less &evere nuclear winter environment. These programs would 

require re.earch to deterllline the atmospheric, eliaatic and 

long-term biological conditions likely to prevail in a nuclear 
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vint.r eDvlroruMnt .nd po.sible count.nae •• ure. t~ could be 

devel,caped to a •• iat the .urvlvora. 

Bffectl •• clvil def.nae .... ur •• to prepaEa ~ 8urvival in 

a full-acale nuclear vinter environ.ont would _ ~·lItOr. 

probleaatic, hovaver. Yhe YYAPS study predict. ~ the extr ... 

darkn ••• , cold and radiation, co.bined with the S~lat. eff.ct. 

of. nuclear .ttack, would po .. a threat to h~~ oth.r 

.pecie •• In this worst case acenario it is hi~~~.stionable 

whether eff.ctive civil defen.e plan. and pr.pU'at'icma could be 

... 4. at .n .cc.ptabl. coat. [111 If it i. detM:1!ai:ftld that an 

.xtr ... nuclear win tor would not occur .uddenlJ'* bd% rath.r that 

nucl.ar winter effecta would develop 9radually.lo~ a continuu., 

tben .ff.ctiv. .. •• ur.. .ight be f.a.ible for le .. ~v.r • 

• tao.pheric .nd cliaatlc perturbation. resulting flOOB nucl.ar 

COAflict. If th.r. wer •• nuclear winter thre.hol~ howev.r, 

then there .1ght be le.. v&lU8 in .ug .. nting o.s. ~ehvil def.n •• 

progr.... Below thi. thr •• hold, there would be no nuclear winter 

_feecta .nd thus current civil def.nse a.au.ptlonayould continu. 

exorbitantly expensive .. aaure. aa building vast unitu:ground 

abelters aiqht not • .aure huaan survival. 

The proapect that survivora of a nuclear war rAqht tace 

nuclear winter effects does not obviate the need br protecting 

the population fro. the initial effects of a nucleaa attack. 
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~is prospect does, bove.er, call for a reesaalnation of current 

a .. u.ptioas about the poet-attack en.lronaent. Addition.l pre

parationa under eoae conditione aight 91.e the survivors • better 

chance of coping with Ieee .. v.re long-t.ra ataospheric, cli.atic 

aDd biological eff.cta of nucl •• r war. The necessary prepara

tions to enable the population to cope ;;itb. worst case nuclear 

winter conditions. however. aigbt involve the peacetime expenditure 

of an unacceptably hiqb level of resources. 

Strategic xaplicatioa. of U.S. aDd 20viet P.rc.ptions 
of Ruclear Winter 

Th6 poaaibility of nucle.r wint.r would likely incr.... the 

uncertainties for both the D.,. and the Soviet o.lon in con-

siderift9 u .. of nuclear weapona in a crisia. Soae analysts have 

.ugg.sted. however, that the o.s. could fac. a situation in which 

"'rlcan--but not Sovlet--l •• ders vera convinced ~at nuclear 

winter va. a .. riou. possibility. 

In thia ca .. , if the Sovieta believed that ~ o.s. vas 

.. If-deterred froe •• ploying ita li.ited nuclear options by fear 

of produci"9 severe nucl.ar winter effects, o.s .• deterr.n~. could 

be weakened. The Sovj.ets .ight perceive the u.s .. as less Ukely 

to r •• pond al11tarily to soviet u .. of eonv.ntl~l forc •• , 

especially if possible u.s. response. risked .scalation to 

nuclear weapons. The Soviet union thus could be less reluetant 

to us •• lI1t.ry force on its periphery or to en~. in military 

actiona in the Third world • 
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~he u.s. atrategic position could be further weakened if the 

Sovieta were not self-deterred fro. li.ited ua~ of nuclear 

weapona to achieve policy goa1a becauae they did not believe that 

auch u.ea of nuclear weapona would produce nuclear winter 

effecta. The Sovieta could gain leverage over the U.S. and 

exacerbate atraina between the U.S. and it. alliea aa the 

credibility of extended deterrence vaa reduced. 

The above .. y not be the _oat likely acenario of U.S. and 

Soviet perceptiona of nuclear vinter, hovever. It is unlikely 

that U.S. leadera would believe that nuclear vinter vere possible 

and Soviet leadera would not. A decision toredea1gD U.S. 

limited nuclear attack options to minimize nuclear winter effecta 

would have to be baaed on very coapelling--6nd probably public-

acientific findinga. It ia doubtful that Soviet scientiflc 

re .. arch on nuclear winter would contradict U.s. findings. Even 

if Soviet and U.S. findings differed on critical questions such 

a. the level of nuclear weapon. use likely to produce substantial 

nuclear winter effects, the Soviets would not necessarily believe 

that their results were conclusive. The soviets would take 

seriously official U.s. state.enta indicating concern about 

miniaizing potential nuclear winter effects when they d~t4cted 

evidence of this concern in u.s. force ~rnization programs and 

arms control approaches. 

If the U.S. declared that it vas takiJ\9 steps to .inh'he 

potantial nuclear winter effects of some of its li_ited nuclear 
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optiona, doubt might be ca.t on the credi.bility ofs-iet option. 

for lirllted nuclear attack., including potential coltlttel'force 

.ttack. on u.s. ICBM.. By it. action. u vell a. 11_ vord., the 

U.S. would be r.d.fining the crit.ria of .trategic~bllity--tr 

tbe disadvantAg. of the Sovi.t Onion. After the So~t. had 

.pent tan. if not hundred. of billion. of ruble. in tthe la.t 

d.c.de 8Od.rnizi~g th.ir .trat.gic fore •• and .urpaSling the 0.5 • 

in .any .... ur •• of strategic capability, the Unit.aStat •• 

prograa ai.ad at minimizing nuclear vinter .ffecta Wluld be 

calling into quftstion the value of that effort. A lb.viet 

count.rforce strik. on 0.5. ICBM.",lth 55-18. might no longer b • 

• credible thr.at in a crisis because both .ide. vo~ knov it 

could lead to a global nuclear vinter. 

'rhe Soviet. might perceive the O.S. to be dev.bping 

credible limited nucl.ar options that would give the United 

~n;.at •• a .trat.gic advantag.. 'rhe Sovi.ts could feen compell.d 

CO begin a nev round of eodernlzation of their forces, 

•• pba.i~ift9 more accurate, lover yield varh.ads and gore flexible 

fa.livery .y.t.... They could .,iev tlMt u.s. a. s •• k;mg to u .. the 

nuclear vinter finding. a~ong vith the Strategic DeJ>tns8 

1.oi1:iat1ve program to place n.v pre •• ure. on the SCNiet Union to 

9aift political leverag8 ae vell a •• trateglc advant~e. 

In .ua, the U.S. eight be in a position to redefine the 

U.S.-Soviet stratc.gic balance b&.ed on the nuclear ',.s.;inter 

findings. This r .... luaticn could place tne ScvietE at .. 
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dl.advantage de.pite tb.lr .... lv •• tlltary bul1~ of tbe laat 

decade. It could also provide additional inc.ntl ... £or the 

Soviets to .. ek negotiated ar.. reductton. to ltd1: or pr.vent 

4evelop .. nt of u.s. strategic advantag ••• 

/ 
/ 
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a.C'rIOIl 3 

ISSUES AND QUESTIONS FOR FURTHER RESEARCH 

Although the nuclear winter findings to date may not warrant 

revision of the basic u.s. approach to nuclear strategy, planning 

and arm. control, the possibility of nuclear winter effect. 

rai •• s many important technical and policy issues and questions. 

• Some of the~ 1 •• ue. and que.tion. cannot be fully considered 

without further .cientific investi94tion. Other. call for 

t.chnical •••••••• nt by the Departm.nt of Def.n •• , and may 

eventually r.quir. policy d.ci.ion.. The following points, while 

not .xhau.tiv., are int.nd.d to po •• que.tion. for furth.r 

re •• arch and a ••••• m.nt while .ugg •• ting some of the .le.ents 

that aay r.main unchanged. 

Deterrence and Warplanning 

'rh. ba.ic logic of nucl.ar deterr.nce is not likely to be 

altered by a nev und.r.tanding of long-t.rm atmosph.ric 

consequenc •• of nuclear war. 'rh. ability to inflict unacceptable 

damage on the adver.ary after .ustaining a fir.t .trike will 

likely continue to affect perceptions and thus peacetime and 

crisis deterrence even if nuclear war becom.s more -unthinkable-

because of the possibility of nuclear winter. 

As long as nucl.ar weapons exist, even if both sides 

perceive a nuclear winter to be a possible outcome of a nuclear 

.xchange, it is likely that to .aintain deterrence, both the u.s. 
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and the Soviet union will S;.';lOnare to wage a nuclear war if 

deterrence fails. But the nuclear ~inter findings could lead to 

a reeval'uation of the criteria and means of minimizing damage to 

one's country while at the same time achieving wartime goals. 

The U.Su is likely to seek to minimize the immediate destruction 

of u.s. territory by nuclear weapons even if a nuclear winter 

could eventually engulf the entire Northern Hemisphere or even 

the whole planet. The question therefore is not whether to plan 

for the possibility of using n~clear weapons, but rather wh~ther 

potential nuclear winter effects should, or should not, affect 

such planning. Defense officia~s and nuclear planners are likely 

to be guided by the assumption that the less damage suffered by 

their society (includinq the military) in a nuclear excha.lge the 

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

of the use of raclear weapons. The possibility of setting off a 

nucl_ar winter .~y increase the importance of war termination 

after relativel~ small nuclear exchanges and influence targeting 

options to minimize attacks on smoke and dust creating target 

areas such as cities. Specific issues and questions for 

targeting I damage assessment and e3I, strategic defense systeICs, 

and weapons research and development, arms control and civil 

defense are examined belov~ 
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rargeting 

The TTAPS and other .tudie. indicate that 

Ln determining the likelihood that nuclear eXpl08i4aa viII 

trigger nuclear winter effects are: 

o smoke 8-1 dust creating potential of the targets 
and ta~ '; 'It areas 

o total yield 

o number of warheads used 

o time duration of the exchange 

o disten(:e between explosions 

o yields of warheads and the heights of burst oYer 
particular targets 

Based on these factors: 

• Should the o.s. identify, categorizG and set ~iorities 
for military targets based on their smoke and dust creating 
potential and their collocation with such areas? 

• Should plans be reevaluated for attacking indmstr!al 
targets, command and control cent.rs and political control 
assets based on considerations of smok_ 'nd dust creation? 
Should energy targets be rated by this criterion, far exam~le, 
and their priorities be reconsidered? 

• Should SOme targets be placed in withhold cateqories 
to .inimize collateral fires or dust? Should the u.s. consider 
various other means of reducing fires cr·;~ted by heat and blast? 

• Should the U.S. consider a r~structurin9 of target 
priorities and reexamine the yield, height of burst and accuracy 
of warheads assigned to specific targets? For example, could 
smaller, more accurate, earth-penetrating warheads--cr even 
conventional warheads--be substituted in some cases? 

• Should targeting for limited nuclear options and other 
attack options for controllin9 escalation be reevaluated? 

• Is the o"",ion of targeting political leaderstnip less 
credible because of collateral nuclear winter effects likely 
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~ beu ... teeS ~.~t~c~aOft Uy party, .illUI'Y~ndaecQr:ity 
IciU,ti .. 1n highlycOtlbuatible areaa? 

* Would the particle. 1n the s.oke and duet layer a~f.cc RV 
scuracy or possibly aaaag. warheada (fJ:acricide on a .... i". 
:a1e)? WoUld the atmospheric circulation pacterna for th. ar.a 
! attack be altered in way. that are unpredictable and would 
~astica1ly affect accuracy? 

* Would the force multiplier effects of attacking C31 
'atema (preventing the launch of nuclear weapons without 
Istroying each weapon lndividually) sugg8at that an even greater 
~emiumon C31 preemption may ~e a result of concern to minimize 
lclear winter effects? 

* Bow would the prospect of nuclear winter affect the 
Iclear strat/'gies and force 1D0dernizationpol1cie. of Britain, 
'ance and China? 

'II and Damage As •• ssment 

u.s. plans for controlling escalation and war tenainatic:m 

~e dependent in part on accurate andti •• ly damage a.ae.s •• nts. 

lis ability to a88088 damage would be even more es.ential if 

.cision maker8 were trying to limit the nuclear vinter effecta 

~oduced by the total nuclear exchange as well aa to control 

Icalation and terminate conflict. o.s ... ans for intelligence 

.llection, however, could be susceptible to degradation by 

Irtial or total opacity of the atmosphere. 

* How long after initial nuclear attacks would ob8curation 
! potential intelligence targets begin to occur? At what rate 
luld large quantities of soot and dust accumulate? 

* Rov soon after a nuclear e7.change could the developing 
lclear winter effects be assessed (00 one's own territory and 
• che territory of the adveroary)? 

* How would the severity of damage asa«~ft .. ct degradation 
t affected by changes in the time frame of rH.clear weapons use, 
tat i8, from most weapons used in a matter of hours to a more 
~otracted use of nuclear weapons? 
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• Wou14 t.he ftucl .. ar winter obscuration .ffecea inhibit our 
ability to cont.rol e.calation and te~inate conf1ict by weakening 
or DeatrallalAg daaag •• s •• a.ment. .nd other intelligence 
collectioo capabiliti •• ? 

• If • blanket of .-ok. and du.t neutralized u.s. apace
baaed platforaa for da .. ge ........ nt, are there alternative 
..... for ~t.ll19.nc. collection currently av.ilable for wartime 
tl8e? Could nov intelligence collecting meana be d~veloped and 
depl.oyed that eoul.d ..... through nuclear winter et, :ect.? 

• Bev would the progreaalve incr .... ot ataosph.ric opacity 
(over •• veral days) affect e.calation control in a protracted 
conflict? 

• Would e31 be 80 degraded aft~r a Soviet counter-C3I attack 
that tbe degr .. of obacurance would De a moot point? 

• Would the Soviet. likely follow a multi-salvo strategy 
~atber than a .hoot-look-ahoot .trategy and thus not require 
re&!-ti .. targ.t da .. g. aa ..... ent? If so, are t.he Soviet. less 
vu1aerable to disruption of their strategy by nuclear winter 
effects interf.ring with e3I? 

• If the Sovi.ta' r.ly primarily on air, ground and naval 
recoaoai.aaace rath.r than .pace asaets for theater conflict in 
Europe and A.ia, would thi. provide thea with an advantage over 
U.S. force. in protracted conflict in a nuclear winter 
.... lrGlYlent.? 

• Bow would nuclear winter effects degrade military 
operation.. for esa.ple, target acquisition? Would the dis
ruption of overhead reconnaissance by nuclear winter effecea 
proYide prot.ection for al1itary activities on the ground, at eaa 
aDd in the air following initial nuclear strikes? 

Strategic Defeoae Syat •• s 

If nucl.ar winter obscuration effecta would develep 

relatively slowly as the result ot large-scale fires, these 

effects would not have significant consequences for defena. 

BY.teas in the initial stage of a nuclear conflict. Concern 

about ainlalzinq nuclear winter effects, however, could affect 

u.s. policy on developing and deploying defense systems co 
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destroy an adveraary's .ls.11es and warbeads in flight to li.it 

the number of nuclear e.ploslons Oft u.s. terrltory. 

* Should nucl.ar winter effects be considered in evaluating 
strategic defen.. research and developaent? Would strategic 
defense syste.s be degraded by large-acale accullula ti.on of soot 
and du.t in the ataosphere (de9raded detection of launch: 
degraded detection and tracking of incoaing warheads: degraded 
aaaage .s ... aaenta: degradation of effectivene •• of laser weapons 
systell.)? 

*.fould warhead e.plosions in any or all of the pha •• s of 
ballist,ic .is.ile flight-the boost, ?Ost-boost, exo-atJllospheric 
or tentinal-contribute to nuclear ",iy~er effects? 

* Would the ability to 9reatl~ l~';!'Uce the nulllber of nuclear 
weapon.s explodin9 on u.s. territory ....... thus lBiti9ate neelear 
winter effects in the United States reinforce the value of 
ballistic .i.8ile defense? 

.. apons Re ... rch and Developaent 

Should the United States decide to develop and deploy 

weapon. syste.s that: would make possibleminilllizing nuclear 

winter effecta, criteria could be established for current and 

future R.D prograss. In thi8 case, R.D would likely focus on 

design and production of 80.. flexible wea~ns systems with high 

accuracy and low-yield nuclear and con~entional warheads. Barth

penetrating warheads could also ~ developed, including some 

BOderate to high-yield weapons for buried targets. Such R&D 

programs could support ongoing effort. to further diversify the 

mix and flexibility of U.S. strategic system •• 

* Should even greater efforts be made to decrease the yield 
and increaae the accuracy of nuclear warh.ads to reduce nuclear 
winter effects? Should very low-yield varneads--one to' ten 
kilotons--be developed for strategic missions and used for 
surface bursts or earth penetration to _1n1.1ze the height at 
which dust and soot are injected into the a~osphere? 
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* Should a6D p~ograaa aleo focus on d.vel~nt of con
.entlOBal weapons for strategic .is.lons to redu:e reliance on 
nuclear weapons? 

U.S.-Sovlet Araa CoRtrol 

~he poaaibllity of nuclear winter is unllk~ to funda-

.. ntally alter the ares control process or the~tcome of any 

nuclear ar.a control negotiations. While the ~spect of a 

nuclear winter eay stimulate greater public pressure for 

negotl&tinq U.S.-Soviet nuclear anus control limttations and 

~eduetions, the primary conc.~ns of both the U~ and the Soviet 

UQlon are llkely to re.ain unchanged. In addit~ to seeking to 

avoid nuclear war, the brO slde!S are likely to ,:continue to be 

concerned about the iIIlpact of an agreement on 1:. actual and 

perceived strategic balance and on each sidets(Qlrrent and 

planned weapons proqra... Desire to raini.i:e nmlear winter 

effects .. y reinforce ar.s control approaches ti~t favor placing 

li.itationa on systeas with high-yield, low-acc~acy warheads. 

Some analysts studying the nuclear winter ~e6tlon have 

expressed concern that Soviet leaders may not 't2Ifte nuclear winter 

seriously, even if the U.S. concludes that some changes in 

nuclear strategy and planning are warranted as_ result of the 

nuclear winter fin4ings. Assymetrical percept'bns and strategies 

could prevent tbe successful avoidance of nuclmc winter effects 

in the event of a nuclear war. Arm. control nGlPtiations !Ray 

pro.ide a foraa La which Soviet views of nuc1eeft' weapons effects 

could be better un4erl;tood. 
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Specific aras ~ntrol issues and questions ~a.d by the 

nuclear wint.r findings includ.: 

* What, if any, ls 11kely to be the .ff.ct.( the TTAPS 
findings on Soviet perceptions and positiona in the arms control 
proce.s? 

* Should the u.s. de.ign anus control propellllilia that allow 
both sides to mod.rnize their nucl.ar araenals .~ the direction 
of deploying s .. ller, more accurate weapon. or~er -technology· 
approaches to mitigating nuclear winter? 

* Bow .hould the nucl.ar winter findings aErect u.S. arms 
control approaches for INP and .trategic ay.te~ including the 
a •• uapt:Lon. and goal. behind negotiating posit1m.s, the weapons 
mixe. t() be preserved in u.s. forc •• t and the ~tructuring of 
Sovlet force. the u.S. would like to affect? 1ft SALT I and SALT 
II, for .x_pl., the U.S. structured the agr ...... t. to allow for 
8Odernization progra.s, including MIRVs, cruise.issile., the B-1 
and the MX. Since SALT I, the U.3. bas become~r.asingly con
cerned about the Soviet MIRVed ICBM threat to iw land-ba •• d 
missile. and has sought to at leaat limit the namber of warheada 
on Soviet ICBMa, and if possible to reduce thelUll'Dber of SS-18a 
and the overall Soviet throw weight advant~ge. 

• Is there a contradiction between the 90a18 of minl.izing 
nucl.ar winter effects in the event of war andaaintaining and 
iaproving criais .tability? eriata atability c.ald be weakened 
in some ca ••• if the types of offensive weapons system. dev.loped 
and deployed--sucb as amall-yield, highly accur«te warheada-
appeared more -usabl.- in a crisis (and there were incentives for 
firat use). Siailarly, strategic defense. that ~8troyed nuclear 
warheads could reduce the chance of nuclear winter but increase 
instability .. 

• If a nuclear winter -threshold- were determined (including 
the mix of weapona, warhead sizet and other faebDrs necessary to 
cross the threshold) and the U.S. and the Soviet Union agreed to 
reduce their strategic and theater nuclear forcfY~ to a level 
-below the threshold f - could such a major reduction be credibly 
verified? Bow would parity be determined at a significantly 
lower level of weapons syatems? 

Civil Defens • 

The poaaibility of a nuclear winter makes the obstacles to 

survival in a postwar environment appear even mare formidable 
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than ear 1 ie1." foreseen. But the prospect of long-term atlRO.pheric 

effeces produced by nuclear explosions does noe coepletely 

obviate the need for proteceion of the populatioa from the 

initial bla.t, fire and fallout of a nuclear att.ack-or froa less 

severe nuclear winter effects such •• short-ter. temperature 

depr ••• ions of a few d.gr.... It i. likely that {~th the u.s. 
and the Soviet governDents will continue to plan for providing 

so.e protection for the population f;oa tho •• ef~.ct., .ven if 

the sur~v ivors of the nuclear exchanges eight fac. worst-ca .. 

nucle.l~ winter effects. "the question for civil ilef·.nse plannertt 

is whether they should alter or add to their prograt.."} to provide 

the survivors with the necesaary tools and infortDation to bave a 

better chance of coping with the increasingly host.ile po.t-war 

environment they may encounter. 

If limited nuclear winter effects are po •• ible and 

survivable, then the U.S. may want to consider augmenting it. 

existing civil defense program that focu .. s on immediate blast 

effecta and fallout. Some of the civil defense issues and 

questions raised by the nuclear winter finding8 follow: 

* Is current u.S. civil defense planning either irrelevant 
to or inadequate for protection from nuclear winter effects? 

* 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 assist-survivors 
in the struggle against nuclear winter effecta woula be pro
hibitively expensive, should the U.S. take aome steps to cope 
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vith nucl.ar vinter effect. on a 1 •••• 1' acal. (forexa.pla, 
.ponsor r •••• rch into crop. that are 10"8 vulnara~. to 
ta.peratur. chang •• end be9in stora98 of lar9. q~titi •• of food 
to a •• iat .urvivor. through tha initial eontn. of~.privation)? 

* Doe. the proapact of a nuclaar vintar r.daCt tha strategic 
val\~ of civil dafenea and eli.inat. any advanta~ hald by tha 
Soviet Union if the Soviat civil dafanaa program, enough mora 
extenaive, 1. ba.ed on the .... as.umption. and p~na as the U.S. 
progra .. ? 

* If the Soviets w.re to conc.ntrat. th.ir olyil d.fens • 
• ffort. on pr.parin9 to survive nucl.ar winter .t~~ct., would 
th.y build on what th.y have, make axtansiv. aodLficatlons, or 
scrap th.ir exiatin9 progra.s? 

* Do plans for .vacuation of civilians from~ti.s in a 
nuclear war become irrelevant if a nuclear vinterwill eventually 
descend on the survivor. in the rural ar.as? 

* What types of .nvironmenta! and biological ,~search should 
the u.s. sponsor and should any of this researeh't. conduetod 
jointly with acieRtists trom the Soviet union or~her countri.s? 
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1. ~he TTAPS study was published in Science magazine as -Nucloar 
Winter: Global Conaequences of Multipl. Nuclear Explosions,
Deceaber 23 1983: coapl •• onting the TTAPS study in the sa •• is.ue 
of Science i. Dr. Paul R. Ehrlich et. al.'s -Long Tere Bioloqical 
Con.equence. of Nuclear Ware: .e. also Carl Sagan, -Nucl.ar War 
and Climatic Catastrophe: SO" Policy I.plicationa~· Foreign 
Affaira, Winter 1983-84: the nuclear winter theais is also 
ex_Ined in the book, The Co!d and the Dark, Norton, July, 1984, 
and in the article, -The cII_atIc Effects of Nuc16Ar. War,
Scientific A.erican, August 1984. The findings of these and 
other sc;LentIsts were firitt publicly presented at a: -World After 
Nuclear War Conference- held in Washington, DC, OCtober 31 and 
Rove.ber I, 1983. A paper delivered at the conference by Soviet 
acientists V.V. Alexandeov and G.L. St.nchikov, entitled ·On the 
Modelling of the Cliaatic Consequences of the NuClear war,
presented findings .iailar to those of the TTAPS study. The 
TTAPS study v.s preceeded by several other investigations of the 
subject, including the the 1975 National Academy of Sciences 
report, -Long-Tara Worldwide Effects of Multiple ~uclear Weapon 
Detonations,· studie. published in the Swedish journal Aebio 
(1982), and discussions at the -Third International ~onference on 
Nuclear War- in Brice, Italy (August 19-23, 1983). See the 
special issue of A_bio, -Nuclear War: The Aftermuth,· Volume XI, 
Huabers 2-3, 1982, and specifically, the articl~ by Paul J. 
Crutzen and John W. Birks, -The Atmosphere After a Nuclear War: 
'1'Vilight at Noon.-

2. TTAPS, -Global Consequences of Nuclear War,· ~tobftr 24, 1983 
(Original manuscript submitted to Scienco for publication), p. 1. 

3. Edward Teller has argued that several factors may prevent the 
occurence of a nuclear win·.r. 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 \:.0 
be consumed. Se. ·Widespread ~fter-Effects of Nuclear War,· 
Hature, August 23, 1984. Calculations by scientists 'it L.wr_"lce 
Livermore support Teller's theories. In one computer si4ulation 
of a detonation of a single-megaton explosion, Physicist Joyce 
Penner found that a column of smoke rose six miles into the sky, 
but that half the slllOke dropped quickly into 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 considers the 
poiiibility of a ·nuclear summer- in 8The Big Chill? Challen1ing 
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a Nuclear Scenario,· wall Street Journal, r.bruary 3, 1984. Th. 
nucl.ar .u ... r theory has been inv •• tigated by a t.am of climate 
.adalar.. Th.ir r .... rch haa shown that climatic-effect. pro
j.cts .ra extre .. ly NnsitiYe to the way that k.y paraaet.r. are 
.o4ele4. 8y raplacing the noraally -fixed- or atatic sun with 
one that appears to .av •• cross th~ aky, th.y vere abl., in so .. 
c .... , to turn a nuclear wint.r into a nuclear su ... r. These 
r.sult. were cited by Dr. Edward Teller at • conf.r.nc. co
.ponsored by the National Bure.u of Standards .nd tba Def.naa 
Nucl.ar ACJ>.ncy. Se. science N.vs, Yol. 126. 

4. National Acad .. y of Sci.nc •• , -Th. Eff.ct. on the Atmo.pher. 
of a Major: Nuclear Exchange,- Coeaitt .. on the Atao.ph.rlc 
Bff.ct. of Nucl.ar Explo.ion., co.-1 •• ion on Phy.ical Studi.a, 
Kathe .. tic. and aesourc •• , National Reaearch Council, D.c •• b.r 
11, 1984. 

5. 'the cc»ncept of a nuclear winter -threahold- vaa included in 
tha T'.rAP~' Science article. Th. ,uthora noted that ·on. can 
.nyiaion the r.i.as. of - 1 x 10 t~na of aBOk. from each of 100 
.. jor city fire. con.uming - 4 x 10 tona of combu.tibl. aat.rial 
per clty. S~h fir •• could be ignit.d by 100 Megatons of nucl.ar 
exploalon.. • • • such a low threshold yield for maaaive amoke 
ealss10ns, although scenario-dependent, laplies that even limited 
nuclear .xchangea coul~ trigger aevere after effecta.- See also 
Carl sagan's article in Fore1Tr. Affaira, for refer.nce to 
-sub-thr •• hold war •• - (p. 2" In the articl. Sagan alao noted 
that -it ..... clear that the apecie. ia in grave dang.r at leaat 
until wor1d ars.nala are reduced below the thr.shold for climatic 
catastroph •• - (p. 284) R.f.r.nc. 1. also made to a nuclear 
wint.r thr.ahold in Tho Cold and the Dark, vhich describe. a 
-thre.hold region in whtch, It nov appears, nuclear winter could 
be triggered- (pp 26-28, 106-107). 

6. So .. people have ref.rred to th ••• lesaer, °petchy- effect. 
l.adlng to a aev.re nucl.ar wint.r as -nucl.ar autumn.· For 
referenc.a to pat~hy rather than uniform nuclear winter effects 
and a continuum of condition. ae.: Michael C. MacCracken, 
-Nuclear War: Preliminary Estimate. of the Climatic Eft~cts of a 
Nuclear Exchang.,- ~awrenc. Livermore National Laboratory, paper 
presented ~t the Third International Conference on Nuclear War, 
Eric., Italy, August 19-23, 1983: Curt Covey, Stephen R. 
Schneider and Scanley L. Thompson, ·Global Atmospheric Effects of 
Kassive Smoke Inj.ctions from a Nuclear War: Results from General 
Circulation Hodels,· National Center for Atmospheric Research, 
8ouJ.der, Colorado, ';anuary 6, 1984: and Michael C. KacCracken, 
A~~otated Outline, ·A~m08pheric Calculations on Nuclear Winter,· 
Lawrenc. Livermore National Laboratory, 3une 11, 1904, pp. 5-8. 

50 



• 

7. Tbe s .. ll.at .ega tonnage exchage e.amined in ~ TTAPS atudy, 
aa noeed in Part I, vaa a acenario involving the ~ ot 1,000 
varh •• aa ot 100 kiloton. each againat 1,000 urbanJindustrial 
targets. Thi •• cenario, which the TTAPS author.~nowledg~ wa. 
DOat likely to occur only a. part of a larger .sc~ge, produced 
.ignificant nuclear vinter effect.. While such a. attack 
acenario involved a li.ited nulllber ot nuclear we.prns, it would 
not I~onstitute a credible limited nuel.ar attack.tion. Nuclear 
attAcks on 100 major citi •• would not be perceiv.a && li.itad and 
would be almost certain to invite larg .... c.l. r.taliiatlon against 
the attacker'. citie.. Tho ... Povers argues that this scenario 
Wcontradict. too many principle. of nuclear strat""y.· ·If 
Merican var planners elected to 'li_it' a var to 11.00 INgatons, W 
he argues, Wthey vould stay away tro. cities, vhid~ are generally 
u~geted only in the final, all-out pha ••• of var [I,]..n8. If the 
pl.nn.rs decided to hit 1,000 urban targets (an attack virtually 
certain to bring all-out response), they would ~e a lot more 
than 100 .egatons _ld would target. lot of other tthings as 
vell. w ThOl'llaa Powera, wuucleer Mintor and Nuclear strategy,· !h! 
Atlantic, Nov.aber 1984. 

8. 'fhis point vas .ade by Leon Goure in his stat..,nt before the 
Bou .. Subc04l'llitteo on Natural a •• ourcea, Co.-ittee on Science and 
Technology, wSome Potential Strategic Implications of the 
'Nuclear Winter' Hypothesis,- September 12, 1984. 

9. Gour.~ Leon, st.tement before House Subco.mitne~ on Natural 
a •• orce., C~ittee on Science and Technology, ·S~ Potential 
Strategic Implication. of the 'Nuclear Winter' HYplI'lt.hesis,· note. 
that the nuclear vinter findings -appear to enhanOlfi the utility 
Qf strategic defenae of both military and strategk targets.- He 
.rgue. that wgiven that .tratospheric duat producei by the da
tonation of large yield nuclear veapon. on hard tMgets such as 
a.1.a.-l1e. 8110a alov8 the return to ambient cliaatic conditions, 
the pursuit of dam.ge limitation may be better se~d by the 
atr.tQ9ic defenae of .uch targets than by count.r~ce strik ••• • 

10. The National Acad •• y of Science has estiaatea that a one 
degree temperature drop in the Northern Hemisphere could end 
wheat production in Canada. Although so .. plant ~cies are 
particularly resistant and can vithstand severe temperature 
fluctuations, aany mAjor food crop. such as corn, ~ice and 
.oybeans are particularly unresllient. National ~ademy of 
SCi.nce 1915 Study, OPe ci.t., pp. 93-94~ Paul Ehrlich et 81. , in 
Science, OPe cit., discuss the .ensitivity of rice and sorghum to 
cold temperatur.s and notes that eX!lOsure to a te~rature of 
only 13 degrees C. at a crucial time can inhibit 9%ain formation 
because the resultant pollen are aterile. Additiomally, corn and 
aoybean. are very senaitive to te.peratures below 10 degrees C.: 
Richard Turco has not.d that aci~nt18ts are recognizing that 
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a9rlculture aay veIl be the .oat aensitl.e biological .yst .. to 
be affected by cold temperature., Defense Science Board panel Oft 
Ataospherlc Obscuration, July 17, 1984: Sidney Winter detailed 
the susceptibility of agriculture to nucl.ar winter eff.cts 
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APPElfDIX A 

CONPBRBNCBS AND ACTIVI~I&S CONCBRHING NUCLBARW!RTBR 

The findings of TTAPS and other acientists were ~ir8t 

pr ... nt~ed at a ·world After Nucled.r War Conferencewhald in 

washington, DC, on October 31 and November 1, 1983. ~e con-

ference was sponsored and attended by prominent sciantists and 

academics as well as by representatives of diverse ~ic 

interest groups. Tvo technical papers were presentea", one by Dr. 

Carl Sagan of C~~nell University entitled the wGloba~ Atmospheric 

Consequences of Nuclear Warw (t,."le TTAPS study), and a second, by 

Dr. Paul R. Ehrlich of Stanford University, whic..:~l repnosented a 

consensus of forty biologists who attended a meeting ~ the 

·Long-~erm Worldwide Biological Consequences of Nucl~ War,· 

held in Cambridqe, Massachusetts on April 25~26, 1983.. The World 

After Nuclear War Conference received considerable pr~s and 

public attention, enhanced by a satellite link-up wi~ physicists 

and biologists in the Soviet Union. [12] 

The global atmospheric consequences of nuclear ,~ had been 

examined previously: in the 1975 gClvernment-sponsoraill report by 

the National Academy of Sciences' entitled ·Long-Term Worldwide 

Sffecta of Multiple Nuclear Weapon Detonations-: in;t!m Swedish 

journal Ambio [13]: and at the wThird International Olmference on 

Nuclear War- held in Erica, Italy {August 19-23, 1983» [14J. But 

it is generally acknowledged that the TTAPS study rai~d new 

questions regarding the potential long-term conseque~s of 
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dlloke and soot in the ablosphere. 

The U.s. Congre.s has a1_0 shown considerable iDeerest in 

',he potential implication_ of nuclear winter. In addition to 

,umerou_ Congressional hearing_ [15J, the FY-85 Defen .. 

. uthorization Act required that a report on nuclear winter 

, indings and policy implications be submitted to Congress. A 

,'eport was submitted on March l, 1985. This report 18 to assess 

the atmospheJ:ic, climatic, envir~nmental and biological 

on sequences ()f nuclear war and the implicoltions that such 

'onsequences have for the nuc~.ar "eapons strategy and policy, 

,he arms control policy, and the civil defense policy of the 

nited States.- [16] 

Public interest groups that have demonstrated interest in 

he nuclear winter thesi. include: the Council for a Livable 

orld, which worked closely with the organi~er. of the world 

,fter Nuclear War Conference and has published an information 

I:ook~et called -The Nuclear Winter- based on Dr. Carl Sagdn' s 

"onference presentation: the National Resources Defense Council 

NRDe) which has organized a -project Nuclear Winter- and has 

'ublished 6 booklet entitled -Nuclear Winter, Silent Spring

(1984): the Federation of American Scientists which helped to 

rganize the Kennedy-Hatfield U.S.-Soviet forum (December 8, 

'983) and the Joint Economic Committee Rearings (July 11-12, 

'984): and Physicians for Socia: Responsibility which conducted 
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In addition, a ·Center on the Conaequenee. of Huelaa&' war

.. e.tab1i.he4 in Dec •• ber 1983 to di •••• inat. the aclentitie 

:inding8 that were pre.ented at the october/Noveab.r 1983 World 

.fter Nuclear War Conference. The Center i8 located in 

~8hington and provides the most recent scientific studies, 

.nformation and materials (print and audio-viDual) of the nuclear 

rinter thesls to organizations and the media. The ~enter haa 

liaseminated several thouaand copies of the two Science I114gazin41 

Irticlea. [lSJ 

In addition to the international intereat generated by the 

;COPE meetings (see footnote 3), it should also be noted that the 

Jnited Nations has had two resolutions introduced that expresa 

~nterest in the nuclear winter thesis. (19] 
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