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Conrnittees; the Secretaries of Defense, Energy, and State; the
Administrators of the National Aeronautics and Space Administration
and the National Oceanic and Atmospheric Administration;
the Office of
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-i$xecutiveSummary

“Nuclear winter” -a term used to describe potential long-term climatic
and environmental effects of nuclear war-has been the subject of
recent controversy. Scientists are researching the possibility that surface temperatures could be dramatically reduced by large quantities of
sun-blocking smoke and dust particles injected high into the atmosphere,
which could affect the survivors of a nuclear war. According to the
theory, distant countries not directly involved could also be affected.
The controversy surrounding nuclear winter has polarized views about
its scientific basis and potential policy implications. This report provides
the Congressand others with (1) an overview of the scienceof nuclear
winter, (2) pertinent information for considering policy implications,
and (3) the status of U.S. research.

Background

Refore 1982, studies on the effects of nuclear war focused mainly on
immediate blast damage,radioactive fallout, and potential harm to the
ozonelayer which shields the earth from harmful ultraviolet rays. Two
recognizedreference works on the effects of nuclear war were issued by
the National Academy of Sciencesin 19’76,and by the Office of Technology Assessmentin 1979, Neither dealt substantively with long-term
environmental effects.
In 1982 research began to suggestthat soot, smoke, and dust injected
into the atmosphere could produce global environmental and climatic
disturbances. Nuclear winter was the term chosenby one research
group to portray those effects.
The National Academy of Sciences,in December1984, completed a
Department of Defense(DOD) funded study assessingthe nuclear winter
theory. Stressingthe many uncertainties in the theory’s assumptions,
this report found the theory plausible and recommendedfurther
research to reduce the uncertainties. Although the Academy could not
confidently quantify potential long-term consequences,it did assert that
nuclear war analyses should consider nuclear winter implications.
U.S. research is now trying to reduce these uncertainties. Approximately $3.6 million was devoted to nuclear winter studies in fiscal year
1986, principally through the Departments of Defenseand Energy and
the National ScienceFoundation. Fiscal year 1986 funding will be $6.6
million, and the research will be guided by an interagency plan developed at the request of the President’s ScienceAdvisor.
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Results in Brief

extensively reviewed pertinent research studies and scientific literature and discussedthe range of nuclear winter issueswith prominent
scientists, researchers,and policy analysts in and out of government.
(Seeappendixes I and II.) Overall, the consensuswas that significant
uncertainties and unknowns require further research.
GAO

Given these uncertainties, the administration believes policy changes
basedon the theory would be premature at this time. (Seepp. 26-28.)
Somescientists and policy analysts believe that the theory supports
changesto someexisting policies, but precisely what should be done and
when remains unclear. (Seepp. 29-35.)
The administration’s interagency program for studying the scientific
uncertainties is now underway. (Seepp. 36-37.) The potentially farreaching implications of the nuclear winter phenomenonsuggestthe
need for continued congressionaloversight to assure adequate attention
is given to these implications.

GAO’s Analysis
I

Current research has identified nuclear winter as a plausible theory
with numerous uncertainties in critical areas such as war scenarios,fire
research, and climate modeling. Someof these uncertainties will remain
unresolved; somecan be reduced by further research,
War scenarios,important in calculating the potential effects, will remain
uncertain due ‘to the uncertainty of critical warfighting variables such as
the targets, warheads, number/yield of weapons, and whether the
weapons would be detonated on, above, or beneath the ground. The
seasonof the year and weather conditions before, during, and after the
detonations are also important considerations. (Seepp. 16 and 17.)
Nuclear winter presupposesthe injection of fire-produced smoke and
soot into the atmosphere. Present research gives us limited knowledge of
the fire effects of nuclear war. Significant componentsof fire research
include combustibility of target areas, how much smoke is produced,
how high it is injected into the atmosphere, and how much sunlight is
absorbedby smoke particles. (Seepp. 17-21.)

Fire esearch
$

”

Computer Modeling

Scientists use computer simulations to project nuclear winter based on
assumptions about war fighting variables and the amount of smoke and
Page 3
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soot particles thrust into the atmosphere.Computer models have limited
accuracy in representing physical laws of nature and the atmospheric
disturbances integral to war. Specific modeling limitations include adequately representing small-scaleweather variations, effect of moisture
on smoke particles, smoke cloud movement, smoke particle chemical
compositions and size changes,and analoguesto validate projected
results. Current research seeksto improve climate models and simulations of atmospheric conditions and responses.(Seepp. 21-23.)

Ipteragency ResearchPlan

I

Policy Implications

,
(
I
-

Agency Comments

The administration’s new interagency research program, begun in fiscal
year 1986, ties together ongoing nuclear winter research efforts at various government laboratories and provides fiscal year 1986 funding that
represents a $2 million increaseover fiscal year 1986. However, some
scientists believe the current funding level is insufficient to achieve
timely research objectives. Future funding and research beyond fiscal
year 1986 are contemplated but thus far have not been spelled out in the
formal interagency plan. Somescientists are concernedthat the interagency coordinating mechanismswill not be able to control funding
effectively to assurethat participating agenciesperform priority
research. (Seepp. 36-40.)
The administration is cautious about changing defensepolicy basedon
the nuclear winter theory; others, primarily outside of government, see
policy implications in deterrence, nuclear arsenals,warfighting capabilities, targeting and strategy, and crisis management and control efforts.
Someseenuclear winter deterring nuclear war; others speculate about a
race to seek weapons or strategy to avoid nuclear winter consequences.
Someurge massive cuts in nuclear arsenals to avoid triggering a nuclear
winter, while others note possible destabilizing effects of such cuts.
Nuclear winter may also underline the need to enhancecrisis management measures.(Seepp. 29-35.) Becausethere is no consensus,further
analysis of policy implications should be fostered.
GAO received formal comments on a draft of its report from the Office of
Scienceand Technology Policy (OSTP). (SeeAppendix VI.) OSTP said that
GAO, by discussingpotential policy implications, was giving more
validity to the nuclear winter theory than was warranted and suggested
the tenor of the report be changed.GAO does not agree,GAO believes that
its report recognizesthe scientific uncertainties associatedwith nuclear
winter and GAO doesnot advocate a particular policy position or change.
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Introduction

Until recently, scientific research had not comprehensively addressed
the potential long-term climatic and environmental damageof a nuclear
conflict. History contains examples of fire induced smoke clouds such as
from World War II bombings, including the limited nuclear war on
Japan, and large scale fires of more recent origin. Due to the limited
nature of these occurrencesand the lack of previous appreciation for
the potential effects, there is incomplete recorded measurementdata
from those events applicable to assessingand predicting environmental
consequences.Now, however, scientific research suggeststhat a nuclear
conflict could inject enough smoke and dust particles into the atmosphere to block out sunlight and causeseveredrops in surface temperatures over a significant period of time. This, in turn, could adversely
affect plants, animals, and humans. The term “nuclear winter” has been
coined to describethese effects.1The implications of the theory are
global in nature; preliminary research suggeststhat noninvolved
nations, as well as those directly involved, could be vulnerable to the
climatic and environmental effects.
The nuclear winter issue has sparked much congressionalinterest not
only in the scienceassociatedwith the theory but also in its relevant
national security implications. Several congressionalcommittees have
held hearings on the issue, and the Congresshas legislatively mandated
administration reports on the subject. Also, the administration has
funded somenuclear winter research since fiscal year 1983 and has
recently begun an interagency research program chaired by the President’s Office of Scienceand Technology Policy (06~~).To date, because
of the preliminary nature of scientific research,the administration has
not acknowledged any ramifications of the nuclear winter theory that
would change defensepolicy or programs. Although varying views exist,
there is no consensusfor action at this time.
I

Background and
Perspective on the
Environmental and
Climatic Effects of
Nuclear War

In 1976, the National Academy of Sciencesissued a report, “Long-Term
Worldwide Effects of Multiple Nuclear-WeaponsDetonations,” which
estimated the global radioactive fallout, ozonedepletion and climatic
effects from a nuclear exchangeand the resulting effect on ecosystems,
aquatic life, and people. The climatic effects were theorized to arise
from dust placed in the stratosphere by near-surface nuclear blasts.
Theseeffects were concluded to be relatively small compared to current
‘The term has comeinto commonusageas a shorthand methodof referring to potential long-term
climatic and environmentalconsequences
of nuclear war. Weusethe term in that sensealao,without
intent to endorseany specificset or duration of effects
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estimates. As the first attempt to quantify all the known or conjectured
long-term effects of nuclear war, the report concluded that the most significant and the only potentially long-term catastrophic global scale
effects were those resulting from the ozonedepletion, which would
allow more unfiltered ultraviolet rays to reach the earth’s surface.
Debate continues today on the importance of ozonedepletion, and many
uncertainties still exist as to the potential effects of radioactive fallout.
In 1979, the Office of Technology Assessmentissued a report, “The
Effects of Nuclear War,” which focused mainly on the immediate consequences.The long-term effects discussedin the report centered on those
generated from exposure to high levels of radioactive fallout, namely,
cancer and genetic diseases.The report did note, however, that a large
nuclear war could possibly produce irreversible adverse effects on the
environment and ecological system. Since many scientific processes
involved were still not well understood, the report stated that it was not
possible to estimate the probability or the probable magnitude of such
damage.
In the 1980’s,somescientists introduced a new variable into the study
of nuclear war effects-smoke and its long-term climatic and environmental damagewhich goesbeyond any previously recognized
dimensions.
l.____-____l.”

-“-----__--_--

Evol tion of New Emphasis In 1980, AMBIO, the environmental journal of the Royal Swedish
Academy of Sciences,commissioneda series of studies on nuclear war.
on th1?Long-Term
One such study published in <June1982, “The Atmosphere After a
~~d~nmental
and Climatic
Nllcloar War. Twilight at Noon ??attempted to quantify for the first time
Effects of Nuclear War
the possible impact of smokcom burning forests and cities. According
to its authors, Paul Crutzen of the Max Plank Institute for Chemistry in
West Germany and John Birks from the liniversity of Colorado, fires
pushing smoke into the atmosphere could causeserious long-term
effects. Crutzen and Birks speculated that the amount of smoke likely to
bc generated by such fires would be sufficient to reduce the incoming
solar energy at the earth’s surface for periods of several weeks or
longer. They conjectured that smoke combined with dust raised from
near-surface explosions would form a dark cloud at least over large
areas of the northern hemisphere:!and reduce the influx of light below
zNuclcar winter studiesare generally predicatedon a nuclear conflict occurring in the northern
hemisphere.
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the level required for photosynthesis. This study by Crutzen and Birks
brought new attention to the potential long-term effects of nuclear war.
Public awarenessof the nuclear winter issue camemost prominently
from the highly publicized work of five scientists who, in conjunction
with their own analysis and modeling efforts, were able to build on the
findings of Crutzen and Birks and more quantitatively describe the
global climatic effect of a nuclear conflict. In late 1983, they published
what is now referred to as the TTAPS3study, which used the phrase
“nuclear winter” to describethe hypothesized severe and long-term
effects involving continental-scale subfreezing temperatures.
TTAPS addressednumerous global effects, including radioactive fallout,
ozonedepletion, and production of toxic chemicals and gasesfrom combustion. The study’s major contribution, however, has been described as
systematically analyzing the sequenceof events; i.e., war scenario, fire
ignition, smoke production, atmospheric injection, and finally the
absorption of sunlight in the upper atmosphere and the resultant cooling
of the earth. The study used a computer-driven, globally averaged mathematical climate model to postulate the effects. This model incorporated
several war scenariosand contained numerous assumptions about critical variables, such as how cities burn, how much smoke is produced,
where it goesin the atmosphere, and the optical properties of the smoke
particles. Basedon one of these war scenarios,TTAPS calculated that
nuclear smoke clouds generated by a relatively low level of explosions
(e.g., 100 megatons) could cool the earth’s surface by 36” to 72” Fahrenheit and that temperatures might not recover for several months. The
authors speculated that the smoke could spread from the explosion area
to the attacking nation, even without a retaliatory nuclear strike, and
could cover the southern hemisphere (as well as northern), even if that
portion of the globe were spared the direct effects of the nuclear
exchange.TTAPS further speculatedthat human and other speciessurvivors of a nuclear blast would be seriously threatened by long-term
exposure to cold, dark, and radioactivity.
These dramatic and controversial predictions received world-wide
media attention. Somescientists, including those in the Department of
Defense(DOD), stated that the effects of smoke from a nuclear explosion
had gone virtually unnoticed within the scientific community, Others
3’I”l’APSis derived from the authors’ lsat names:R. Turco from R&DAssociates;0. Toon,T. Ackerman,and J. Pollackfrom NASAAMES;and C. Saganfrom Cornell University. TTAPSauthor
Richard Turco is recognizedas having coinedthe term nuclear winter.
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were critical of the TTAPS predictions, calling them premature because
of the limitations they found in the assumptions and computer climate
model used in the study.
TTAPS was widely distributed and since the magnitude of the predicted
effects was so great and the potential implications so serious, other
scientists began to vigorously and critically examine the issuesraised.
They were generally critical in three major areas. First, TTAPS was criticized for using a globally averaged climate model that analyzed atmospheric effects only as a function of latitude. Second,the authors
applied either an all-land or an all-ocean planet to their computer model
which neglectedthe important element of heat transported from oceans
to land. Third, TTAPS was criticized for using annually averagedtemperatures, thereby ignoring the potential effects of the various seasons.
Another criticism was that the study did not addressthe possible effects
of a disturbed atmosphere on the movement and removal of smoke.
Someimportant smaller scale effects were ignored, such as fire plumes
which can create thunderstorm-like clouds that could “wash-out” some
of the initial smoke before it could go very high or spread very far into
the atmosphere. Scientists, including the TTAPS authors, indicated that
the mqjor criticisms can be addressedsomewhat by using more sophisticated computer models, whereas the other criticisms reflect limitations
inherent in computer modeling. Somecommentators belie,vethat the
assumptions used in computer modeling need to be derived from more
realistic research than the current level of scientific knotilodge allows.
The TTAPS authors acknowledged that their estimates of the physical
and chemical effects of nuclear war were necessarily uncertain and recognized the weaknessesin their initial study. They also saw the need for
additional research to definitively reduce the uncertainties. Notwithstanding these weaknesses,TTAI’S was successful in focusing attention
on a potentially important phenomenonand giving added support for
studying the nuclear winter theory. Several ma&r national and international studies to assessthe overall nuclear winter problem have since
begun, or have been completed.

Natichal Academy of
SciencesStudy Supports
Possibility of Long-Term
Ef fecit;s
(

One of the more authoritative assessmentsof the possible atmospheric
ttt’fects of nuclear war was published in December 1384 by the National
Academy of Sciences(NAS). Requestedand funded by uor)in early 1983,
the NAS assessmentessentially echoedthe preliminary TTAI’S results
and stated that, long-term climatic effects with severeimplications were
plausible. I3asedon the study assumptions, which included a 6,500
klgt- I I
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megaton nuclear conflict, the report showed that during the summer
months land surface temperatures could be reduced from 50” to 77”
Fahrenheit in the northern hemisphere for a period of several weeks.
Serious biological and agricultural problems could result due to the
abrupt and long lasting atmospheric change.The NAS report also speculated that nations far removed from the target areas, including the
attacking nation, could be vulnerable.
NAS scientists stated that becauseof uncertainties in the assumptions
used, as well as limitations in computer climate models, they could not
subscribe with confidence to any specific quantitative conclusions
drawn from their calculations. Essentially, they believed that the estimates of the potential consequenceshave utility only as an indicator of
the seriousnessof what might occur. NAS nevertheless stressedthat the
potential long-term consequencesof a major nuclear exchangehad
worldwide implications which should be included in any analysis of the
consequencesof nuclear war. NAS also believed that a major effort to
narrow the scientific uncertainties was needed.

And International
uR 3.search
Efforts Focus on
N [clear Winter
U xertainties

Government, private, and university research centers continue to study
the many uncertainties associatedwith the nuclear winter theory. To
coordinate someof this research,the administration has established the
Interagency ResearchProgram (IRP), which incorporates current efforts
at the DefenseNuclear Agency (DNA), the Los Alamos and Lawrence
Livermore National Laboratories of the Department of Energy (DOE),
and the National Center for Atmospheric Research(NCAR) of the
National ScienceFoundation (NSF). Nuclear winter research at these
locations and research subcontracted by these locations to other laboratories and universities totaled about $3.5 million for fiscal year 1986
and will increase to approximately $5.5 million under the IRP in fiscal
year 1986. The IRP hopes to coordinate these and other nuclear winter
research efforts to ensure that the major uncertainties are adequately
and fully addressed.
The international scientific community is also studying the nuclear
winter issue. The Royal Society of Canada published a Canadian
appraisal of nuclear winter and its associatedeffects ‘in January 1986.4
The report, based on the analysis of numerous consultants mainly from
4“Nuclear Winter and AssociatedEffects:A CanadianAppraisal of the Environmental Impactof
Nuclear War,” The Royal Societyof Canada,January 31, 1986.
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the United States and Canada,concluded that nuclear winter is a credible and formidable threat which could last for several months and
causeseveredamageor destruction to crops and vegetation. It recommended that the Canadian government immediately consider the military, strategic, and social consequencesof such a major climatic effect,
notwithstanding the many scientific uncertainties in the theory.
Scientists from other countries, such as Australia and West Germany,
continue to conduct research into the nuclear winter theory. In addition,
a committee (Scientific Committee on Problems of the EnvironmentSCOPE)of the International Council of Scientific Unions, in September
1986, completed a 3-year study focusing on nuclear winter. Scientists
from numerous countries, including the United States and U.S.S.R.,
worked on the study. They researchedthe physical and atmospheric
consequencesof nuclear war as well as the biological, agricultural, and
human implications. SCOPEconcluded that indirect effects (the latter
implications) of a large scale nuclear war could be potentially more consequential globally than the direct effects. The report recommendedcontinued research on the entire range of implications with close interaction
between biologists and physical scientists.
Soviet Union involvement in nuclear winter research has not, according
to many IJS. scientists, contributed substantially to reducing theory
uncertainties, primarily becauseof weaknessesin modeling capabilities.
Also, Soviet scientists have been unwilling or unable to make fire and
smoke research data available. DOD and many other scientists and analysts believe the Soviets have used the issue mainly for propaganda purposesin the media and at international forums. We did not see
information which would permit any firm conclusion on how the Soviet
Union perceivesnuclear winter uncertainties.

Objective, Scope, and
Methodology

-

The objective of this report is to provide the Congressand others with
an overview of what is known about nuclear winter, its potential implications for defensestrategy, arms control, and foreign policy-making
and the status of U.S. efforts to further study the issue.Specifically, our
report
. highlights the nature and status of research on the long-term effects of
nuclear war;
describesthe uncertainties that presently exist with nuclear winter
research;

l
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9 discussesvarying views on potential defensepolicy implications based
on the theory; and
examines how the IRP will manage,coordinate, and fund the necessary
research.
l

We undertook this review becausethe nuclear winter issue deals with a
controversial subject that lends itself to polarized views and misunderstandings. We sought to learn from those in the research community
what the range of present scientific uncertainty is, what approachesare
being taken to reduce the uncertainty, how long this might take, and
what their views were on how much the uncertainty may be reduced.
We also sought to determine the range of current thinking regarding the
potential implications of the nuclear winter theory on national security.
Review of subject matter, rather than agency activity, was the main
focus of our work. Issuesidentified in our report were drawn from
reviewing scientific and other literature on the subject and from detailed
discussionswith scientists, researchers,and policy analysts knowledgeable of the subject both within and outside of government.
Within the government we contacted numerous officials within the
Executive Office of the President; the Departments of Defense,Energy,
and State; the National Oceanicand Atmospheric Administration of the
Department of Commerce;the National Aeronautics and SpaceAdministration; the National ScienceFoundation; and the National Academy of
Sciences.In addition, we attended various seminars and symposia on
nuclear winter and related issueswhere differing and opposing views
were debated. Appendixes I and II, respectively, identify someof the
relevant literature reviewed and persons contacted.

,

Becausethis report examines the facts of a technical issue and its possible policy implications, and doesnot review or evaluate executive
agency activities, a draft was sent for formal review and comments only
to OSTP, the coordinator for U.S. nuclear winter research.We did, however, solicit informal reviews and comments and discussthe general
observations presented in the report with other administration officials
and scientists and selectedscientists outside the government.
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Ekperts RecognizeSignificant Uncertainties in
the Theory of Nuclear Winter
The term nuclear winter has recently gained common usage,yet some
have viewed it to be an unfortunate label in that current scientific
research cannot definitively confirm or refute the extreme effects predicted by the theory. The most common point of agreement is the new
recognition that a nuclear war is apt to result in adverse climatic, environmental, or biological impact, but of uncertain scale and duration,
Scientists in DOD,government laboratories, and private and university
research centers all recognizethat significant uncertainties and
unknowns exist with the theory. Despite differing views, they agree
that these uncertainties need to be studied.
Nuclear winter uncertainties can be placed in three categories:war scenarios, fire and atmospheric research, and computer atmospheric modeling. While someof the uncertainties cannot be resolved or known
absent a nuclear conflict, knowledge of others can be refined and the
unknowns of someothers, at best, can only be reduced, Somescientists
believe it may be 6 years or longer before the uncertainties will be
reduced to the point where more widely acceptedprojections could be
made on the climatic and environmental consequencesof nuclear war.
Other scientists believe significant incremental increasesin knowledge
could occur over shorter timeframes.
1

war Scenario Variables
(hn Only Be Assumed

Highly classified plans provide the details for waging a nuclear war, but
the actual course of events and the prevailing conditions are impossible
to know in advance.
Given the highly classified nature of war plans, scientists must base
their research to someextent on speculation or unclassified informed
opinion about the likely targets of nuclear weapons.They cannot know
in advance,for example, the number and yield of weapons which would
actually be used, the distributions of targets against which those
weapons would be directed, or the number of weapons which would
actually reach their targets and detonate successfully. In addition, an
adversary’s responseduring a nuclear conflict will not be known in
advance.
Another variable is whether the bombs will explode in the air or upon
impact, This is an important variable since each type of blast would
inject different quantities of dust into the atmosphere and block out the
sun to varying degrees.NAS scientists note that the climatic and environmental effects depicted in their 1984 report could be several times larger
if a combatant decided to rely more on groundbursts in a war because
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Chapter 2
Expertlr Recognlm Bigniflcant
Uncerta.intiee
in the Theory of Nuclear Winter

they would likely inject the most dust into the atmosphere. Fire and
resulting smoke and soot generation are also affected by altitude of detonation, but to a much smaller degreethan dust.
The time (season)of the year also matters greatly, according to nuclear
winter theory. A smoke cloud from a nuclear exchangein July could
severely affect crops and plant life if the resulting temperature decrease
is significant. Yet, the sameexchangein January could have little or no
effect in the northern hemisphere, depending on its duration and spread,
if it occurs where temperatures are normally cold at that time of year.
Finally, weather conditions existing in a target area could mitigate longterm effects. For example, moisture tends to “wash-out” smoke and dust
particles before they can get very high into the atmosphere.
Given the intrinsically uncertain nature of these variables, scientists
must make critical assumptions for their nuclear winter simulations and
cannot therefore offer definitive predictions. Somescientists claim that
a small number of high yield weapons, specifically targeted, can produce
severeclimatic and environmental results. This claim has fostered an
apparent misconception that going beyond a specific “threshold” would
trigger a nuclear winter. Scientific research cannot now prove this with
any accuracy. Most scientists note that too many independent variables
(e.g., combustible target, groundburst, clear weather, etc.) would have to
occur in a precise fashion before a small number of nuclear weapons
could create long-term climatic and environmental effects. They indicate
that if a threshold doesexist it is more likely to be in terms of the
amount of smoke,soot, and dust particles injected into the atmosphere
rather than in the number of weapons or the megatonnageused.

FiresResearch Is
G.-u&al in Determining
Nuclear Winter
Probabilities and
Conbequences

A large and significant uncertainty in nuclear winter research concerns
fire characteristics. Scientists are focusing on a number of important
variables ranging from how much material will burn under a prescribed
exchangeto the effect of fire-produced toxic chemicals and gaseson the
surviving environment. They note that the knowledge gained by
studying fire characteristics can help computer modelers who need the
data to more accurately simulate climatic conditions in a perturbed environment. The following are the more significant componentsof fire
research.

GAO/NSIAD&42
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Fire Source

l
l

SmokeProduction

Combustibility of targets
How much will burn; for how long?

How much smoke is produced?
What are the smoke characteristics?
. What is the smoke particle size and shape?
What is the smoke chemical composition?
l

l

l

PlumeCharacteristics

. How high will it go?
. How much will survive the first few hours?
Studying fire uncertainties is a detailed and lengthy exercise involving
several scientific disciplines which are inter-related and dependent on
each other. Researchis progressing in each of the areas discussedbelow
and is beginning to provide computer modelers with valuable data from
which they can better simulate atmospheric conditions. Scientists must
rely on laboratory experiments, prescribed and/or actual forest fires,
and accidental industrial burns to test their calculations. In each case,
results must be analyzed and then scaled up to meet the assumedproportions created by a nuclear exchange.The “built-in” unknown of a
nuclear weapon produced large-scalefire will always exist, and scientists can only work towards achieving reliable probabilities of fire and
smoke production basedon some assumedrange of variables.

Targets-The Source of
Rre
I/

Fire source uncertainties relate to the issue of targets which would
remain uncertain until an actual conflict. Scientists assert that the
severity of nuclear winter is sensitive to the quantity of urban/industrial combustible material which eventually burns. They state that cities
are much more combustible than nonurban areas,have higher fuel densities, and would therefore produce larger amounts of smoke and soot.
Other targets may be situated near industrial sites with large quantities
of petroleum products- a major source of oily, sooty smoke particles.
Scientists, however, can only postulate about the types of potential
targets using categoriessuch as urban cities, rural areas, or wildlands to
calculate combustibility. Scientists note that developing better data on
the detailed fire characteristics of potential areas would provide valuable information on how much of an area will burn under a given scenario, how intensely, and for how long. It would also provide valuable
Page 18
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information on how fires ignite, how many would start in a given area,
and how far they would eventually spread.

Smoke-The Critical Input

Another element of uncertainty is smoke production per fraction of
material that burns, To date, little scientific research has been done in
the area of smoke production and spreading. The amount of smoke produced dependson the quantities, types, and distribution of combustible
materials in target zones.Somematerials tend to produce relatively little
smoke, especially wood that is prevalent in residential construction.
However, other materials such as oil, tar, asphalt, rubber, plastics and
synthetics, which are increasingly common in modern commercial construction, tend to produce thick black smoke.
Scientists also need to better understand smoke particle size and shape.
Someparticles absorb light whereas others scatter light, depending on
their composition. According to scientists, if smoke particles only scatter
sunlight, the resulting temperature decreaseat the earth’s surface
would not be as severe.Also, they state that smaller smoke particles
tend to absorb sunlight more efficiently, resulting in larger temperature
reductions. However, scientists need to study further the composition of
smoke particles produced by different fuels in large-scalefires. IJntil
then, accurate predictions of how much sunlight will be absorbed and
how far temperatures will drop will be difficult to make. How far the
predictions can be refined is questionable. Further progress may have to
rely on laboratory and small scale fire research requiring considerable
extrapolation to simulate the magnitude of fires that would be produced
in a nuclear exchange.
Scientists are also studying how high the smoke will go into the atmosphere, how long it will last, and how far it will travel. Smoke injected
very high into the atmosphere would accentuate nuclear winter effects
for two reasons:(1) high altitude smoke is more effective in cooling the
surface than low altitude smoke and (2) high altitude smoke has a much
longer lifetime since it would be less affected by the water vapor in the
atmosphere. Many scientists also note that if smoke enters the stratosphere (i.e., 6 miles above the earth’s surface), the cloud would remain
for a much longer time becausethere would be no moisture condensation
to remove it quickly. Since weather (i.e., rain, snow) removes smoke particles from the atmosphere under normal conditions, scientists theorize
that smoke in the stratosphere could extend nuclear winter effects by
up to several months.
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Someresearchershave speculated that even if smoke doesnot enter the
stratosphere, nuclear winter effects could be long-term. This belief is
basedon conjecture becauseit is uncertain what happens to smokeparticles in the early stagesof a nuclear fire. For example, scientists are
studying smoke particles as they go through a fire plume to seeif they
“scavenge,” e.g., coagulate or wash-out. The removal of particles, or
scavenging,can separate a continuous smoke cloud into patchy clouds
which allows a certain amount of sunlight to passthrough, thus lessening the degreeto which surface temperatures would drop. It also
increasesthe potential for varying effects over the impacted area. Coagulating particles cometogether and form larger smoke particles. These
larger particles would be less effective in blocking solar energy from the
surface. Smoke particles could also be washed out by existing moisture
or rain during or immediately after a nuclear conflict, Somescientists
believe that the initial wash-out could be so great that no long-term
smoke cloud would form. Others say that the fires would be very intense
and would quickly push the smoke beyond where coagulation or washout normally occurs. These assertions are subject to further research,
and scientists concur it is an area that is critical in assessingthe
probability and severity of nuclear winter.
The distance a smoke cloud will travel is important becauseof its global
implications. TTAPS was the first to speculate that winds could move a
nuclear smoke cloud acrossthe northern hemisphere, eventually encompassing the entire globe after a major nuclear exchange.The probability
of this occurring is presently very uncertain, particularly since the
movement of smoke from the northern to the southern hemisphere
would require changesto normal atmospheric circulation patterns. History, however, has shown that smoke clouds can travel great distances.
For example, in 1950, a fire in Alberta, Canada,produced a smoke pall
which spread over portions of Canada,the eastern United States, and
western Europe. This cloud lasted for several days and is said to have
causedmeasurable decreasesin observed temperatures as compared to
those expected.Although this example shows that extended movement
of smoke clouds is possible, the probability that a smoke cloud would
encompassthe globe or even the northern hemisphere after a nuclear
exchangeremains scientifically uncertain. Even if it could, the degree of
uniformity (or patchiness) is also uncertain.

Dust, Toxic Gases,and
Chemicals

In addition to the above fire uncertainties, the effects from dust and
toxic gasesand chemicals are questionable. Scientists claim that dust
lofted into the atmosphere would not necessarily make acute climatic
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and environmental effects more severebut could make them last longer.
They theorize that tiny submicron particles, or dust, produced by nearsurface explosions could be injected into the stratosphere where they
would remain for many months, depending on the number and individual yields of weapons used in surface bursts. Sincethese variables
are currently uncertain and must be assumedfor scientific analysis, the
effects of dust from a nuclear exchangecannot be predicted. As for
toxic gasesand chemicals,scientists do not know how much would be
produced in a nuclear exchangeor what effect they would have on the
surviving environment. They do believe, though, that burning synthetic
and plastic material would produce a certain level of toxic substances.
However, their effect and duration are unknown and require further
study.

Ability to Model
Atm spheric Effects Is
Lim’II!ted
I

Impe(liments to Computer
Meddling

Studying detailed, complex physical phenomenasuch as nuclear winter
requires sophisticated mathematical models. These models, run in high
capacity computers, are deterministic by nature; that is, once the input
variables are selectedthe results are uniquely determined. However, the
computer atmospheric models currently used in nuclear winter research
are limited in their ability to accurately represent the physical laws of
nature and are very much dependent on other research efforts to provide neededdata.
In studying nuclear winter scientists must assumemany distinct input
variables (i.e. number of weapons used, targets hit, amount of smoke
iqjccted into the atmosphere, height of injection, etc.). Computer simulations to date have produced varying results and effects which are limited by the reliability of the input data and constrained by the
capabilities of computer software to model dynamic changesin atmospheric conditions and realistically project how long potential effects
would last. IJntil scientists receive more accurate data to apply to their
computer climate models and improve their software to simulate atmospheric responsesmore accurately, modeling results will only show a
plausible range of nuclear winter effects under strictly prescribed
conditions.

A large impediment to accurately modeling nuclear winter effects is the
lack of an analogue from which to compare results. Somescientists in
the past have used thunderstorms, volcanic eruptions, day/night and
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winter/summer changes,large scale forest or urban fires, and even Martian dust storms to help validate their computer atmospheric simulations. However, a nuclear exchangecould bring about unprecedented
climatic disturbances and there is no analoguewhich is well suited to
test the validity of modeling results. As such, scientific findings will, to
somedegree,always remain uncertain.
-11*111

Types of Computer
Atmospheric Models Used

The computer atmospheric models used in investigating the nuclear
winter theory fall into three categories:(1) local cloud or “plume-scale”
models, (2) regional weather or “mesoscale” models, and (3) global climate/weather models.
Plume-scalemodels are used to simulate the dynamics of smoke plumes
created by single large fires. The most sophisticated of these models can
simulate, in three dimensions, fire plumes including movement of smoke
particles, thunderstorms, water condensation,rain, and scavenging.The
plume-scale models are used to estimate how high smoke would be
injected into the atmosphere and the fraction of smoke particles
removed by early scavenging.Regional weather, or “mesoscale” models,
are used to simulate the details of weather (e.g., fronts) on a few-day
time scale.Their resolution, i.e., definition or clarity, is greater than
those of global models, but they only cover a limited region, e.g., the
eastern half of the United States. They are used to examine the effects
of small-scaleweather systems on smoke scavengingand movement.
Global climate models, someof which predict large-scaleweather as a
by-product, are used to make predictions on time scaleslonger than a
few days.
Scientists continue to improve all three categoriesof atmospheric computer climate models so they can more accurately predict the effect of
smoke and dust on atmospheric conditions.
Nuclear winter studies are now primarily performed by global models
which are three-dimensional (depth, width, and height) as opposedto
the globally averagedTTAPS model which focused only on height to
simulate atmospheric conditions over the entire earth. A three-dimensional model simulates the earth’s surface in a series of finite grid boxes,
each about the size of the state of Colorado. To calculate potential climatic effects, scientists average all the weather conditions occurring in a
given area (e.g., within the state of Colorado) into one grid box. The
processmust be repeated for each grid box until the entire globe (or area
under study) is represented.Averaging weather conditions to represent
Page 22
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larger areas is an improvement over using local conditions simulated by
one-dimensionalmodels. However, this is still a critical modeling limitation becauselocal weather conditions (e.g., rain, humidity, wind, etc.)
within the grid area would have a direct effect on fires created by
nuclear explosions and on the local scavengingof smoke.
Plume-scaleand mesoscalemodels provide much detail about local and
regional conditions. Global climate models provide good, larger scale
simulations. Scientists are working on integrating the various modeling
scalesso that several scalesof atmospheric conditions can be simulated
simultaneously. The technology of this time consuming and costly task
is not very far advanced,especially for mesoscalemodeling. However,
nuclear winter research could benefit from the results.

Atte(npts to Expand
Modeling Capabilities

Scientists are beginning to factor the movement of smoke in their models
and are conducting various experiments to remove it under realistic conditions. However, advancesare made slowly and are constrained by the
lack of input data on fire characteristics and smoke production.
Models have been limited in their abilities to move the smoke cloud over
a period of time in a perturbed environment. This capability is important to discern the potential for nuclear winter effects being widespread
(up to global) in nature. In addition, scientists have stated that further
study is neededto reliably model how long a smoke cloud would last if
the particles were injected into the stratosphere where there is no moisture condensation to rapidly remove them. Scientists are now expanding
the number of vertical layers in their three-dimensional models so they
can better understand the vertical movement of atmospheric smoke.
Minimal results have been produced to date and many uncertainties
regarding the characteristics of smoke particles in the stratosphere
remain.

Biological and
Agricultural Effects:
The Bottom Line of
Uncertainty

Beyond the unknowns of how a nuclear war will be conducted and the
physical scienceuncertainties associatedwith fire research and climate
modeling is the question of the potential effects a nuclear exchange
would have on the biological and agricultural environments. Many scientists believe the real long-term consequencesof any nuclear crisis would
be the potential disruption of ecosystemsupon which man is dependent.
Ecosystemsconsist of the community of plants, animals, and microorganisms that exist in an area (e.g. field, valley, lake, state, continent,
GAO/NSlADRA-62
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etc.) and the physical environment of that community. They depend on
the light energy of the sun, which is converted through photosynthesis
in green plants into chemical energy that is used by all organisms.The
disruption of photosynthesis, scientists conclude, by the reduction of
sunlight or temperature drops could have consequencesthat ultimately
cascadethrough the food chain. Compounding these effects is that after
a nuclear war the available supplies of food could be destroyed or contaminated, located in inaccessibleareas, or rapidly depleted. In addition,
natural ecosystemsmay not be able to recover in a perturbed environment to resupply the food chain. This presents someimportant questions which scientists believe need to be addressed,They include:
9 What is the effect of sustained low light on plant physiology?
. What would plant stress responsebe to an unnatural sudden or slow
temperature decrease?
. How long would ecosystems,or parts thereof, take to recover?
Researchon the potential biological and agricultural implications that
could arise from a nuclear winter scenario has been very limited to date.
Somescientists and others stated that it is premature to devote significant attention to biological consequencesbecausethe assumptions about
the environmental and climatic conditions would have to be estimated so
broadly as to render the results highly uncertain. But others say that
the biological sensitivities to nuclear war are critical to post-war
recovery. They believe the potential range of effects warrants studying
this issue now in parallel with the physical scienceresearch. Also, a
view has been expressedthat contributions from the biological sciences
community can help physical scientists identify or modify priorities in
their own research, and that someeffort to this end is warranted.
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Chapter 3

Nuclear Winter RaisesPolicy Concerns,but
ResponsesNeededAre Uncle=
Publicity surrounding the nuclear winter issue has given rise to speculation and concern over its policy implications, Views on implications
range from rhetorical questioning of what nuclear winter adds to the
already recognizedhorrors of nuclear war to views that massive reductions in nuclear arsenals are neededto avoid triggering a nuclear winter
should nuclear weapons ever be used. The administration’s responseto
date has essentially been to take a wait-and-see attitude from a policy
standpoint, particularly in light of the recognizedscientific uncertainties. Others, however, believe that the theory supports changesto some
existing policies. But precisely what should be done and when remains
unclear. Continued debate and discussionon potential policy implications are neededand should be fostered as a basis for informed decisionmaking.
This chapter doesnot advocate a particular policy position or change
but provides information for considering the broad policy implications
of the nuclear winter issue as scientific research continues.

&ministration
@fficials Are Aware of
uclear Winter but
autious About Its
CN
P~ plications

To date, the primary focus of the administration’s reaction to nuclear
winter has been to identify and develop a plan for researching the physical scientific uncertainties of the issue.The numerous officials we contacted within DOD and the military serviceswere very much aware of the
nuclear winter issue but they neither planned nor contemplated any
actions basedon the theory. An official of the Plans and Policy staff
under the Joint Chiefs of Staff told us that no new policy guidance had
been issued or planned basedon the nuclear winter issue. For purposes
of assessingthe consequencesof using nuclear weapons in target planning, this official told us that only damageassociatedwith the immcdiate blast is presently considered.
Overall, statements by DOD and other administration officials indicated a
view that it may be sometime before policy implications can be seriously considered.In commenting on a draft of this report, the acting
director of the President’s Office of Scienceand Technology Policy
(OSTP) said that the position of the IRP'S Coordinating Commit& is that
the basic scienceresearch must be addressedbefore the policy issues.
Earlier, another OSTP official had told us that nuclear winter policy
assessmentsare 4 to 6 years away.
Informal comments by someindividuals indicated skepticism that the
nuclear winter issue could add much to the already known devastating
effects of nuclear war. Defenseofficials preferred to take a wait and WC
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attitude, deferring to the Office of the Assistant to the Secretary of
Defensefor Atomic Energy or the DefenseNuclear Agency (DNA), which
have key roles in responding to the nuclear winter issue.
Preliminary assessmentsof policy implications have been produced for
DOD-one under a DNA contract and another by the Air IJniversity
Center for AerospaceDoctrine, Research,and Education. Both, for purpose of study, were predicated on the assumption that nuclear winter is
a possible outcome of nuclear conflict. Neither study is recognizedby
DCXIas a definitive assessmentof nuclear winter policy implications nor
are they considered as providing a basis for action at this time.
The administration’s formal position on nuclear winter policy implications is most clearly stated in a legislatively mandated March 1985
report to the Congressby the Secretary of Defenseon “The Potential
Effects Of Nuclear War On The Climate.” Views expressedin that report
indicate a cautious approach toward acknowledging policy implications
much less considering any changesat this time. Dissatisfied with the
report, Congresshas required DOD to reassesspotential nuclear winter
policy implications and provide a new report by March 1, 1986.

Congress Requires
AdnGnistration to
Rep(wt on Potential
Nuclear Winter Policy
Imp\ications

In enacting legislation in 1984, the Secretary of Defensewas tasked to
give a report to the Congressno later than March 1, 1985 providing:

riginal Congressional

A detailed review and assessmentof the current scientific studies and
findings on the atmospheric, climatic, environmental, and biological consequencesof nuclear explosions and nuclear exchanges.
A thorough evaluation of the implications that such studies and findings
have on (1) the nuclear weapons policy of the United States, especially
with regard to strategy, targeting, planning, command, control, procurement, and deployment; (2) the nuclear arms control policy of the United
States; and (3) the civil defensepolicy of the United States.
. A discussion of the manner in which the results of such evaluation of
policy implications will be incorporated into the nuclear weapons, arms
control, and civil defensepolicies of the United States.
. An analysis of the extent to which current scientific findings on the consequencesof nuclear explosions are being studied, disseminated, and
used in the Soviet IJnion.
l

l
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DOD’S report, after synopsizing nuclear winter’s scientific aspects,concluded that (1) the present uncertainties concerning the effects of
nuclear war on the atmosphere preclude considering policy changesat
this time and (2) present policies appear adequate.The report avoids
the use of the term nuclear winter in favor of such terms as the potential effects of nuclear war on the climate or atmosphere. We use the
term nuclear winter in paraphrasing DOD’S position solely as a shorthand
reference to the theory, and not to infer DOD’S endorsement of the
theory.
DOD concluded that

nuclear winter only strengthens the basic imperative
of U.S. national security policy-to prevent nuclear war through a
strong deterrence capability.’ The report cited ongoing U.S. initiatives or
policies as being appropriate responsesbasedon what is now known
about the nuclear winter theory. They include:
. Strategic modernization efforts which include retiring older weapon systems that might create a greater risk of climatic effects than their
replacements.Modernization is also aimed at improving the
survivability and effectiveness of warfighting capabilities including
command and control features, thereby enhancing deterrence.
. Efforts to negotiate reductions in nuclear arsenals.
. Strategic DefenseInitiative research into ways of destroying incoming
nuclear weapons before they reach their targets.
. Flexible targeting options to control the escalation of conflict in the
event nuclear weapons are used.
The DOD report recognizedthat new initiatives for mitigating nuclear
winter effects might be possible but took the position that improved scientific understanding is neededbefore specific initiatives can be developed. Civil defense was similarly regarded. The report cited the Federal
Emergency ManagementAgency’s (FEMA) position that, until scientific
knowledge regarding climatic effects of nuclear conflicts is more fully
developed,it would not be practical or cost-effective to develop civil
defensepolicies or to changeexisting policies.
The DOD report assessedSoviet activities on climatic effects. It cited limitations in the Soviet research, primarily involving computer modeling
capabilities and the tendency towards exaggerating conclusionsfor
‘This refers to preventing war by showingthat U.S.defensecapabilitiescan respondto any level of
attack by inflicting unacceptabledamageto an aggressorand denyingtheir attainment of war
objectives.
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propaganda purposes. The report said there is no indication that the
nuclear winter issue has affected Soviet policies, strategy, or force
structure.

An Extended Congressional Dissatisfied with DOD’s attempt to addresspotential nuclear winter
policy issues,the CongressamendedDOD’S fiscal year 1986 funding
Mandate

authorizationllto have them again prepare a report on nuclear winter by
March 1, 1986. The report is to follow the format prescribed for the
1986 report, focusing on nuclear winter findings and potential policy
implications.

In addition to the congressionally mandated report, the Foreign Relations Authorization Act for fiscal years 1986!and‘1987 includes a “sense
of the Congress” provision indicating “that the President should propose
to the Government of the Soviet Union during any arms control talks
held with such Government that“( 1) the 1Jnited States and the Soviet Union should jointly study the atmospheric,
climatic, environmental, and biological consequences of nuclear explosions, sometimes known as ‘nuclear winter,’ and the impact that nuclear winter would have on
the national security of both nations;
“(2) such a joint study should include the sharing and exchange of8information and
findings on the nuclear winter phenomena and make recommendations on possible
joint research projects that would benefit both nations; and
“(3) at an appropriate time the other nuclear weapon states (the United Kingdom,
France, and the People’s Republic of China) should be involved in the study.”

Policy Issues

To highlight the range of views on potential policy implications, we have
summarized them in terms of the following questions:
How could nuclear winter affect deterrence?
How could nuclear winter affect nuclear arsenals and prospects for
arms reductions and nonproliferation?
How could nuclear winter affect warfighting capabilities, targeting, and
strategy?
How could nuclear winter affect crisis stability and control efforts‘?
How could nuclear winter affect U.S. civil defense‘?
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How Nuclear Winter Could
Affect Deterrence

The goal of US. nuclear strategy is to prevent nuclear war by maintaining deterrence. Oneperspective on the nuclear winter issue is that
the possibility it could occur should in itself act to deter a nuclear attack
especially if scientific research adds support to the theory that adverse
climatic and environmental consequencesmight rebound to an attacking
nation even absent a retaliatory strike. Others expressconcern that if
nuclear winter effects are eventually discounted or reduced significantly, nuclear war could be perceived as less disastrous than previously thought and thus possibly more thinkable. This view seemsto
ignore the horrible effects of nuclear war which are already recognized.
Another perspective regarding the goal of deterrence states that a
greater risk of conventional warfare is possible if the nuclear winter
theory becomesso well acceptedthat using nuclear weaponsis viewed
as an unacceptableoption. Proponents of this view would thus seea
need to strengthen conventional weapons capabilities.

Hdw Nuclear Winter Could
Aftfect Nuclear Arsenals
and Prospects for Arms
Rdductions and
N&proliferation

Becauseof concern over nuclear winter, someviews at one end of the
scale have argued for massive reductions in nuclear weapons,while at
the other end, somehave expressedthe potential need for a new round
of weapons development. Somecite reduction in U.S. stockpiles of older
weapon systems and the trend toward lower yield, more highly accurate
nuclear weapons as being steps in the right direction basedon current
scientific knowledge. Others seepotential impacts on arms reductions
negotiations and nonproliferation efforts.
Oneposition which has received much attention calls for massivereductions in nuclear arsenals basedon the simplified and popularized premise that nuclear conflict involving a yield of as few as 100 megatons
(out of an estimated inventory of 50,000 weapons with a total yield of
15,000megatons between the United States and U.S.S.R.)could create a
nuclear winter. Most scientists we contacted, irrespective of their predispositions toward the nuclear winter theory, pointed out that a
threshold for triggering a nuclear winter is not nearly so straightforward and question the scientific validity of the premise. They viewed
nuclear winter as predicated on fires injecting millions of tons of smoke
and soot particles high into the atmosphere, which would block out the
sun and depresssurface temperatures for a long period of time. In their
view this is heavily influenced by the types of combustiblesinvolved
and other fire related variables (seechapter 2) and not just by number
and yield. Significant uncertainties in this area prevent definitive predictions of a threshold. Also, several views have beenvoiced regarding
major reductions in the nuclear weapons arsenalsof the United States
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and U.S.S.R.designedto avoid a nuclear winter. These include the views
that
l

l

l

it would be difficult to verify exactly what level of reductions had bcon
made;
it might be perceived that nuclear war would be safer to wage given
reduced arsenals, or the prospects of waging a conventional war might
be more likely; and
other nations might chooseto strive for superpower status by attaining
or increasing nuclear capabilities, thus creating greater world
instability.
The view has also been advanced by somethat the nuclear winter issue
could fuel rather than quell an arms race; that is, it could trigger
weapons development to find ways to fight a nuclear conflict and minimize the risks of environmental and climatic damage.Somespeculation
has already focused on the potential need for developing lower yield,
highly accurate, earth penetrating nuclear weapons that could be used
to reduce the risk of fire and the injection of smoke and soot particles
into the atmosphere. A related speculation, already noted in another
context, is that nuclear winter could add greater urgency to the need for
developing more sophisticated conventional weapons. These two altornatives raise the question as to whether and how well such weapons
could meet requirements of 1J.S.defenseplans.
DOD’S March

198.5report to the Congresscited the President’s Strategic
DefenseInitiative as a step in the right direction to avoid the potential
for a nuclear winter. Others have speculated that the Soviet 1Jnion’s
reaction would be to build up its nuclear arsenal to increase its chances
of penetrating such a system.
Another issue involves the question of how nuclear winter might, affect;
the use of tactical nuclear weapons.One side of the issue is that, tactical
nuclear weapons have the potential for avoiding or reducing nuclear
winter becausetheir deployment could be controlled to eliminate the
likelihood of the effects occurring. This could be done by modifying,
target selection and warfighting objectives. Another side of the issue is
the speculation that a tactical nuclear weapon exchange,once initiated,
would quickly escalate and be difficult to control.
To date, there is little to indicate that the nuclear winter issue played a
role in fostering resumption of negotiations on arms reductions between
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the United States and U.S.S.R.To the extent it becomesa focus of negotiations, two views show how those negotiations could be influenced.
One speculatesthat nuclear winter might negate traditional concerns
over strategic superiority if it becomeswidely acceptedthat current
nuclear arsenals are more than sufficient to causesevereclimatic and
environmental consequences.A secondview speculatesthat what now
constitutes strategic advantage could changeif the potential impact of
nuclear winter is seenas so severeas to require a shift to low yield,
highly accurate nuclear weapons. Another important element frequently
cited is the degreeof acceptanceby the superpowers of the nuclear
winter theory. Without mutual agreement,actions by one side to reduce
the risk of nuclear winter could be destabilizing by providing a distorted
perception of strength or weakness.
The United States and over 125 other member states (including the
U.S.S.R.)are party to a 15-year old Treaty On the Non-Proliferation Of
Nuclear Weapons(NPT). The NPT includes among its major provisions an
obligation to pursue negotiations in good faith on effective measures
leading to cessationof the nuclear arms race and nuclear disarmament.
The provision was meant to provide an incentive for nonnuclear nations
to commit themselves not to seek, acquire, or manufacture nuclear
explosives. It is unclear at this time whether or to what extent the
nuclear winter issue will add to any existing concernsor actions by
other nations regarding what many seeas limited progress towards
arms reductions and disarmament. Nor is it clear what, if any, influence
they might seek to assert on arms negotiations if it becomesclear these
and other nations would no longer be unaffected bystanders to a nuclear
conflict between the United States and the Soviet Union.

HOWNuclear Winter Could
Af/fect Warfighting
Capabilities, Targeting, and
Strategy

In the past people have questioned what effect a protracted nuclear conflict would have on warfighting capabilities. The nuclear winter issue
adds another dimension to this question and a corollary one of whether
command, control, communication, and intelligence (commonly referred
to as 01) functions would be effective in a perturbed environment. DNA
officials told us there is ongoing classified research on the effects of
nuclear war on, for example, weapon systems and communications
satellites, regardless of nuclear winter.2
2Wehave issueda numberof classifiedreports on the survivability and enduranceof strategicC3
systemsin a nuclear warfighting environmentthough not from the standpoint of nuclear winter
effects.
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“??neissue that has stirred considerable discussion involves potential
targets in a nuclear conflict, particularly whether, and to what extent,
likely targets include or are located in closeproximity to urban/industrial areas (cities). DOD'S official responseto questions on this subject is
to the effect that the United States does not target cities. This response
does not indicate what their beliefs are regarding the Soviet Union’s
targeting plans. Also not addressedby this responseis to what extent
specified targets and objectives in urban/industrial areas would be
struck, directly or indirectly, even if cities are not targeted. This is
important becauseof the potential for urban targets to generate and
inject greater amounts of smoke and soot particles into the atmosphere.
An apparently serious proposal that has been advanced in someof the
literature on the subject calls for a U.S./U.S.S.R.bilateral agreement on
non-targeting of cities. However, somehave questioned the effectiveness
of such an agreement since the commitment to its terms could not be
verified.
In terms of the strategy used to initiate a nuclear conflict, somepolicy
analysts have speculated how one side might use nuclear winter for
strategic advantage. That is, if a threshold or some degreeof specificity
and certainty were known for triggering a nuclear winter, an aggressor
might seean advantage to limiting a nuclear attack marginally below
the threshold, gambling that the risk of exceedingthe threshold would
prevent the attacked nation from retaliating. This assumesthe other
nations involved shared a common understanding and belief in what
level of exchangewould trigger a nuclear winter. Also, if scientific
theory indicated that adverse environmental and climatic effects were
deemedlikely to affect another country more quickly or severely, that
too might causeone side to seestrategic advantage. However, as previously noted, the establishment of a scientifically valid threshold is very
uncertain. Likewise, the spread and severity of potential climatic and
environmental effects are not yet well understood. Thus, it is unclear at
this time what range of actions might be desirable or necessary
regarding warfighting capabilities, targeting, or nuclear war strategy.

How /NuclearWinter Could
Affeqt Crisis Management
and gontrol Efforts

Crisis management and control efforts are seenby many as safeguards
to prevent nuclear war. The potential implications of nuclear winter
could provide an incentive to improve these safeguards to make crisis
managementmore efficient and survivable. Such improvements would
also reduce both the potential for nuclear weapons use and the possible
threat of nuclear winter’s adverse environmental and climatic
consequences.
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During the last 26 years, the United States and U.S.S.R.have concluded
someimportant agreementsto facilitate communication between the
superpowers to reduce the likelihood of nuclear war. These have
included the,Hotline Agreement of 1963, the Hotline Modernization
Agreement of 19711the Accidental MeasuresAgreement of 1971, and
thesprevention of Nuclear War Agreement of 1973. In 1983, the administration endorsed four DOD initiatives to improve crisis management.
They were to (1) upgrade the hotline for greater speed and for facsimile
transmissions, (2) establish a joint military communications link
between the Pentagon and Soviet DefenseMinistry, (3) improve communications between the government capitals and their respective embassies, and (4) facilitate discussionsto resolve terrorist nuclear acts or
other unauthorized use of nuclear weapons. The administration has
achieved agreement with the Soviet Union on only the first and last
initiatives.
The Congress,in enacting the Foreign Relations Authorization Act for
fiscal years 1986 and 1987 (the same act which encouragesthe United
States to propose cooperative measuresto study the nuclear winter
issue with the Soviets) also mandated a detailed executive branch study
and evaluation of the U.S. crisis managementsystem, including consideration of the additional steps neededto enhancecrisis stability and
crisis control capabilities, such as:
. Establishing redundant, survivable direct communication lines between
and among all nuclear-armed states.
. Concluding an agreementto create “non-target” sanctuaries for certain
direct communication lines to enhancetheir survivability.
. Creating procedures for communicating, and possibly cooperating, with
the Soviet Union and other nuclear weapon states in the event of
nuclear attacks by third parties.
Installing coded security locks over nuclear weapons aboard U.S. ballistic missile submarines which could be activated or deactivated at various levels of alert, and encouraging the Soviet Union to do the same.
Establishing training programs for National Command Authority officials to familiarize them with alert procedures,communications capabilities, nuclear weapons release authority procedures, and the crisis
control and stability implications thereof.
. Relocating a National CommandAuthority official outside Washington,
DC., to a securelocation with accessto the strategic command and control system.
l

l
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Nuclear Winter Raises Policy Concerns,
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Though not directly addressedby DOD'S initial report to the Congresson
nuclear winter, efforts to upgrade or enhancecrisis managementand
control measurescould be viewed as steps in the right direction to mitigate the implications of the nuclear winter theory given the current
level of knowledge and the inherent policy uncertainties that go with it.

How:Nuclear Winter Could
Affect U.S. Civil Defense

FEMAofficials indicated they have monitored the nuclear winter issue
from a scientific and policy perspective from its inception, Their position, as previously noted, is that scientific knowledge regarding the climatic effects of nuclear explosions has not been developed enough to
warrant development of new policies or to changeexisting policies
regarding civil defense.We did not examine US. civil defenseplanning
or the adequacy of FEMA'S resourcesto accomplish its mission. We did
note, however, a range of views on the potential effect of nuclear winter
on civil defenseefforts that may provide someperspective for examining future civil defenseneeds.
One view often publicly expressedis that the United States doesnot
adequately protect against even the immediate effects of nuclear attack.
Therefore, it would be unrealistic to think that civil defenseprograms
could be implemented to protect against nuclear winter effects. Another
view is that if nuclear winter consequencesreach the magnitude suggestedby somescientific studies, then it could render uselessany
attempted civil defensemeasures.Others say that to the extent scientific research shows reduced levels of effect or a variety of effects and/
or severity over spaceand time, then an argument for contingency planning addressingsuch factors as food and water, fuel supplies, and
delivery systems becomesmore convincing.

I

Conblusions
I
I
I
I
!

To date, becauseof the uncertainty of existing scientific research,the
administration has not translated nuclear winter concernsinto policy
changes.The foregoing discussion of someof the policy implications
concerning nuclear winter indicates the difficulties likely to be encountered in trying to sort out the implications and required responses.Our
treatment of these concernsis not meant to be either exhaustive or
definitive. However, they do provide a frame of reference for the Congress and others to evaluate the DOD report on the implications of
nuclear winter for policy and defenseprograms due in March 1986.
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InteragencyResearchProgram Now
Qordinaks U.S. Response:Some
CbncernsRemain
In 1983-1984,the nuclear winter phenomenonwas being researchedby
DNA, DOE’s Los Alamos and Lawrence Livermore National Laboratories,
and NSF'S National Center for Atmospheric Research.A DOD funded
study by the National Academy of Scienceswas also in progress.The
need for an additional, high level effort to addressthe nuclear winter
issue was evidencedby a February 1984 request by the President’s ScienceAdvisor that an interagency plan be developed for studying nuclear
winter’s scientific uncertainties. The interagency effort to prepare such
a plan was led by the National Climate Program Office of the National
Oceanicand Atmospheric Administration (NOAA).’
The plan was approved by OSTP in February 1985 and was implemented
as the IRP on October 1, 1985. The study plan identified researchpriorities and recommendedvarious funding levels. DOD, DOE, and NSF are
funding the research from their own budgets. The program will be coordinated by an interagency committee2to ensure that effective use is
made of research monies.
According to OSTP officials, the IRP adequately provides for the research
neededto refine the probability of incurring long-term climatic and environmental consequencesthrough nuclear warfare. Somescientists, however, question the adequacy of funding and the administration’s longterm commitment to studying the issue.

IRP: Framework for
Sgudying Nuclear
Winter Uncertainties

The IRP identifies priorities, such as
addressing major uncertainties in fire and smoke characteristics,
improving computer climate modeling of the atmospheric effects of
nuclear war, and
. providing a plausible set of atmospheric effects for assessing
consequences.
l

l

It gives highest priority to a number of carefully planned laboratory and
field fire experiments and modeling studies to better describethe
‘The drafting committeefor an interagencyplan included representativesfrom federaldepartments
and agencies,governmentlaboratories,and academia.The reviewing committeeconsistedof representativesof the Departmentsof Agriculture, Defense,Energy,and State;Arms Control and Disarmament Agency;EnvironmentalProtectionAgency;FEMA;NASA,NOAA;and NSF.SeeappendixesIII
and IV, respectively,for a listing of the interagencymembersinvolved in drafting and reviewing the
ph.
%eeappendix V for the agenciesrepresentedon the interagencycoordinatingcommittee.
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properties of smoke and soot particles injected into the atmosphere and
subsequentcloud and chemical reactions.
WEI’sLos Alamos and Lawrence Livermore laboratories, and NSF’S
National Center for Atmospheric Researchwill sponsor or conduct most
of the research.Other government, university, and industry scientists
will do research under contracts with these three agencies.Thus, the
three principal agencieswill handle the daily research activities while
the interagency committee chaired by OSTP is responsible for coordinating the overall IRI’. A subcommittee of the coordinating committee is
tasked to recommendpriorities basedon blending the IRP and the principal agencies’proposed research.
DNA,

The drafters of the IRP had recommendedthat a full-time program manager be designated as a way of fostering a balanced and cost-effective
program. Somescientists are concernedthat the interagency coordinating mechanismswill not be able to control funding effectively to
assurethat participating agenciesperform priority research, and that
the plan is unclear on whether funding will be provided beyond one program year.

IRP &.mding

The IRP basically continues the nuclear winter research efforts that have
been ongoing since about 1983 and funded by DOD, DOE, and NSF. The
three agenciesallocated $3.5 million for nuclear winter research in fiscal
year 1986 by reprogramming funds from other activities within their
agencies.The IRP officially began with fiscal year 1986 and an additional
$2 million was reprogrammed by the agenciesfrom their budgets for a
total of $55 million. DOD and DOE each allocated $2.5 million and NSF $.5
million. The approved IRP does not specify the duration of nuclear
winter research, or the level of future funding contemplated.
According to its chairman, the interagency drafting committee considered several funding options up to as much as $50 million in new
funding over a &year period. For fiscal year 1986, the committee presented options ranging from no increaseover the fiscal year 1985 level
of $3.5 million up to $10.5 million more. The amount approved for fiscal
year 1986 followed a lengthy review processinvolving OSTP, 0~13, DOD,
NSC, and others and resulted in $2 million being added to the 1985
funding level. The following table shows the fiscal year 1986 funding
options presented in the draft study plan submitted by the interagency
drafting committee to OSTP, and the actual budget adopted for fiscal
year 1986.
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Table 4.1: Funding Options and
Approved Budget for Nuclear Winter
Research

Dollars in thousands
-..---~~--._-___

Approved
fi;c&y;;
Fiscal

Program components
---Coordination ~-----.___----Meetings
and
-~ review
--__-_
Target data base and policy studies
Impact studies
--______.

_____-_---

year

1986

options’
.____---~---~-.

.-__

~~~

“;;;

.._.....!!!p!J;

-.budgetb
~~~. ~~~.

150

0

0

50

200

500

0
550
300
150
450
0
100

0
200
500
700
200
100

100
400
700
2500
750
200

200

500

Fire Source
Program preparation
Theoretical studies
Controlled expenments
-.
~~~
-----__-~------Field studies/rapid response _____~
Historic analysis and background studies
Data management .~__~_
-..--__..
Atmospheric chemistry and electricity

Modeling
Process and analogue
Radiation
_.-...-.._.___...
-. - --.
Cloud and mesoscale
Global modeling
Stratospheric dynamics
Computer upgrading

0
500
200
200
200
400
500
800
1600
1050
500
~~~_ ~.~~~~~~.
_ 1200
~~~~~~
0
0
500
0
0
200

Funding
New
- ~-._...._~.
$000
Existing

Total Program

$2.000

$4.000 s10.500-

3.500 3.500 3.500
$3.500 $7.500 $14.000

3.500
$5.500

aOptrons delineated in a November 30, 1984, plan drafted by the interagency drafting committee and
approved by an interagency review committee for submission to OSTP. The frrst column is the fiscal
year 1985 funding level.
bThe approved study plan drd not delineate funding by program components.

Prdgram Funding Adopted
Aqidst SomeScientific
Co$cerns

Experts generally agree with the basic research strategy and areas of
neededresearch set forth in the IKP.However, somescientists have
noted that becauseof funding constraints research efforts may be limited or may be stretched out, slowing progress in areas of atmospheric
chemistry, stratospheric dynamics, and dust effects. Two other areas
where some disagreement exists among experts are large scale fire
research and biological implications.
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Large scale fire research incorporates aerial observations of controlled
and/or natural large fires, focusing on uncertainties in smoke production
and transport. This information would give computer climate modelers
important data to more accurately simulate climatic conditions in a perturbed environment. Such research, according to scientists, can cost
from $400,000 to $1 million for each event depending on the fire size,
observation time, and whether an aircraft needsto be instrumented.
Since $3.6 million of the IRP is already committed to current research
efforts, somescientists believe the remaining $2 million, after allowing
for other research necessities,cannot support productive large scale fire
research. A DNA official, however, stated that large scale fire experiments are planned under the IRP. Somescientists believe there is a need
to first better understand small scale fire processesand develop a theoretical basis for scaling up. They say such experiments can be performed more economically in laboratories. Others suggestviewing fires
under controlled conditions in Canada,which involves a much lower
cost than actually creating the experiment, Still others question the relevance of studying forest fires since they would not provide relevant
data for modeling city fires and plume dynamics.
Somescientists argue for concurrent biological research given the range
of likely consequencesin nuclear war. Others, including OBTP officials,
think biological implications have secondary importance. Somepreliminary work on biological implications has been done at the Lawrence
Livermore Laboratory, but the subject is not currently included in the
fiscal year 1986 IRP.
FuturuiFundingCrjncerns

Many scientists think nuclear winter’s complexity warrants coordinated
long-term research. They note that commitment to projects is often
driven by perceptions of available future funding, Without someevidenceof commitment to a long-term effort, they voice someapprehension that the IRP might lose valuable expertise.
The IRP was completed late in the year in relation to administration and
congressionalaction on the fiscal year 1986 budget. The three funding
agencieshave indicated an intent to sponsor research through fiscal
year 1990, but the levels of proposed funding and continued coordination beyond fiscal year 1986 are not spelled out in the IRP. OSTP officials
stated that intended future funding considerations by DOD,DOE, and NSF
show the administration’s seriousnesstoward nuclear winter research.

Chapter 4
Interagency
Research Program Now
CLToordlnatee U.S. Response: Some
Concerns Remain

ManagementConcerns

xnclusions

Somescientists who drafted the original plan wanted a full-time program manager. They saw a program structured under a coordinating
committee as less effective and apt to inhibit program efficiency because
it (1) has neither formal power nor direct control over funding, (2) does
not review or approve research proposals, and (3) can only advise but
not direct or enforce actions. They also worried that becausethe coordinating committee does not have direct control over funding, the research
program may not have the built-in flexibility to move funds to projects
which are determined to be higher priority after funding decisionshave
been made, On the other hand, coordination chaired through a White
Houseoffice is often seenas fostering high level interest and politically
empowering it.
The administration has taken the important step of initiating a plan for
researching the scientific uncertainties of nuclear winter. Current
funding is being provided through reprogramming actions by three operating agencies.Future funding is anticipated, but its scopeand duration
have not yet been determined.
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Agency Commentsand Our Evaluation

We requested formal commentson a draft of this report from the Office
of Scienceand Technology Policy, which chairs the IRP’S Coordinating
Committee. OSTP’s official comments noted that the report provides a
reasonably balanced view on the issues.However, OSTP did express concern over our treatment of policy issuesand the funding of nuclear
winter research.
expressedthe view that the report, in its discussionof policy
issues,was giving more validity to the nuclear winter theory than was
warranted and suggestedthe tenor of the report be changed.We believe
the report recognizesthe scientific uncertainties associatedwith nuclear
winter. The report does not advocate a particular policy position or
change,and our intent is to provide information for considering the
broad policy implications as scientific research continues.
OSTP

also took the position that a portion of the report dealing with various funding options should be deleted since no funding options were
contained in the final Interagency ResearchReport and initial funding
options proposed by the National Climate Program Office (which
chaired the drafting committee effort) were not consideredby the
drafting committee. We recognizethat the final plan did not contain any
funding options, but they were included in a report issued by the
drafting committee to OSTP. Our report has been revised to more clearly
reflect this. Our treatment of this subject is intended to indicate the
range of thinking about nuclear winter research componentsand
funding that accompanieddevelopment and final adoption of the interagency research plan and not to express disagreementwith funding
levels provided.
OSTP

also objected to our including any information on the funding
options becauseOSTP says that it was provided to us with a nondisclosure proviso. During our fieldwork, OSTP never asked us to withhold this
information; in fact, this issue was first raised when we briefed OSTP
officials on our draft report, Sincemany individuals in and out of government participated in drafting and reviewing the plan, the plan’s
research needsand potential funding were widely known. We seeno
reason for not including the funding options, as presented, in our report.
OSTP

We also solicited informal reviews and comments from other administration officials and scientists and selectedscientists outside the government. Changesbasedon these reviews have been incorporated to
enhanceclarity or improve accuracy. Those commenting informally generally consideredthe report to be balanced and expressedno opposition
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to the treatment of issues.The DefenseNuclear Agency, which provided
a written response,said the report was technically correct.
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CommentsFrom the Office of Scienceand
z’echnologyPolicy

THE

WHITE

HOUSE

WASHINGTON

February

12,

1986

Dear Mr. Conahan:
Thank you for the opportunity
to review and comment
A Plausible
on your proposed report,
Nuclear Winter:
Theory With Many Uncertainties
in Science and Policy.
In general,
the report
provides
the relevant
history
and a reasonably
balanced
view on the issues.
AS
chairman of the Coordinating
Committee of the Interagency Research Program, I am far less sure of what
the results
of a nuclear
war would be on the climate
The desire
to
than is portrayed
in the report.
answer policy
issues without
first
understanding
the
basic science
associated
with the climate
tends to
give more validity
to the nuclear
winter
theory
than
is warranted.
Consequently,
I recommend that you
recast
the tenor of the report
in the light
of the
many uncertainties
that exist.
As to administrative
I recommend the following
comments on the report,
changes:
Page prior
to page 1, titled
add:
NCPO, National
Climate
Noiv

on p, 12, line 25.

Page 7, line

7 after

(NSF),

"Abbreviations",
Program Office.
add:

and NOAA.

Now on p. 26, line 30.

Page 24, line 10, change the sentence beginning
with "An official"
to read:
The position
of the
Coordinating
Committee for the Interagency
Research
Program is that the basic science
research
must
be addressed
before the policy
issues.

Now on page 45

Page 47, add:
reference
to our report,
titled
Interagency
Research Report for Assessing
Climatic
Fffects
of Nuclear War, dated February
5, 1985,
copy attached.
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Now on page 37.

There is an issue
of substance
on page 41 that has to
be corrected.
The second paragraph
of the section
titled,
Various
funding
options
considered,
should be
deleted.
There are no funding
options
contained
in
the final
Interagency
Research Report referenced
in
my comments above.
The first
draft
of our report,
which contained
funding
options,
was provided
to your
staffers
with a non-disclosure
proviso
that is similar
During
to the one attached
to your own draft
report.
the initial
staffing
process,
those options,
which
were only recommendations
provided
by NCPO, dropped
out and were not considered
by the interagency
drafting
Consequently,
that paragraph
should be
committee.
deleted
and the title
of that section
be changed to
something
appropriate,
such as, Interagency
Research
Program Funding.
Thank you again for the opportunity
to review your
I hope you find my comments helpful
draft
report.
and agree with me on the necessity
of maintaining
the
propriety
of the Governmental
report
review process.
Thank you for your consideration.
Sincerely,

Acting

A" I II IL-G
ohn P. McTague
Science Advisor
to the

Mr. Frank C. Conahan
Director
National
Security
and
International
Affairs
U.S. General Accounting
Washington,
D.C.
20548
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Glossary

Analogue

something that is similar to another, providing a basis for comparison.

Coagulation

a scavengingprocessthat removes smoke particles by combining or
aggregating smoke and soot particles to form large particles. See“scavenging” below.

Combustibility

ability to catch fire and burn, inflammability.

gust

airborne soil and rock particles created by nuclear explosions near the
ground. Dust is created by actual blasts, not by fires.

yegaton

one million tons; a l-megaton bomb is equivalent in energy releaseto
1 million tons of TNT.

tiesoscale

intermediate modeling scale (lo-100 kilometers) used to define the area
between local and global scales.

-

using computer hardware and software to perform mathematical calculations which simulate atmospheric conditions and responses.

0ptical Properties

refers to the degreeto which smoke particles absorb sunlight.

&ne

a gaseouslayer formed in the stratosphere which acts as a shield
against penetration of ultraviolet light from the sun.

Layer

Ijlume

an elongated, usually open and mobile column or band of smoke
shooting upwards from an intense fire.

Scavenging

the removal of gasesor particles from the atmosphere.

Smoke

all airborne particles resulting from combustion.
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soot

the carbon-containing (Le., black) component of smoke.

Stratosphere

upper portion of the atmosphere normally between 6 and 15 miles above
the earth’s surface.

Toxic Substances

any of various poisonoussubstancesproduced by fires; potentially
harmful or fatal to humans and other organisms.
a scavengingprocesswhich removes smoke and soot particles from the
atmosphere by water condensation;used interchangeably with rain-out.
the amount of energy expended by a nuclear explosion, usually
expressedin kilotons or megatonsof TNT.

Yield

(4615284)

~

I
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