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PREFACE The cover reproduces the emblem of the United fiations
and the emblem of the United Nations World Disarmament Campaign,
launched by the General Assembly in 1982 at its second special
session devoted to disarmament. The Campaign has three primary
purposes: to inform, to educate and to generate public
understanding and support for the objectives of the United Nations
in the field of arms limitation and disarmament. In order to
achieve those soals, the Campaign is carried out in all regions of
the world in a balanced, factual and objective manner.

As part of Campaign activities, the Department for
Disarmament Affairs provides information materials on arms
limitation and disarmament issues to the non-specialized reader.
Such materials cover, in an easily accessible style, issues which
may be of particular interest to the constituencies of the World
Disarmament Campaign. This is one such publication. It is
published in the official languages of the United Nations and
intended for world-wide dissemination free of charge.

The reproduction of the information materials in other
languages is encouraged, provided that no changes are made in
their contents and the Department for Disarmament Affairs at New
York is advised by the reproducing organization and given credit
as being the source of the material.



The study of such a complex subject could not have been
carried out without significant assistance and expertise from many
sources. The Group held two workshop sessions with other experts
to broaden their knowledge of the subject.

The three regular sessions of the Group of Consultant
Experts were held in March and November 1987, and March-April
1988. In April 1988, the Group adopted the text by consensus and
transmitted its report to the Secretary-Oeneral, to be conveyed to
the General Assembly at its forty-third regular session beginning
in September 1988 (document A/43/351). It was also made available
to the third special session of the General Assembly devoted to
disarmament -- SSOD III -- in order to contribute to the
consideration of the relevant agenda items.

Secretary-General'& Foreword

In his foreword to the report, the Secretary-General
notes the Group's conclusion that a major nuclear war would entail
the high risk of a global environmental disruption and that the
risk would be greatest if large cities and industrial centres in
the northern hemisphere were to be targeted in the summer months.

The Secretary-General observed that for all its apparent
robustness, the planet on which we live exists in fragile balance.
For the first time in the history of the human race, humanity is
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now taking actions that, within the time-span of a single
generation, are affecting the global environment in fundamental
ways. The effects of acid rain and deforestation are plain to see
and the future implications of global wanning and ozone depletion
are just being fully recognized. The circumstances arising from a
nuclear war lie at the extreme end of the range of harmful actions
that the human race might inflict on itself. The Secretary-General
declared that the Group's report serves to confirm that a nuclear
war could not be won and must not be fought. It can also be seen
as strong argument for the pursuit of sharp reductions in, and
ultimate eradication of nuclear weapons.

Observations of the Group

The Evolution of Concern

A nuclear war would be totally unlike any previous form of warfare
in its immeasurably greater destructive power. Over 50,000 nuclear
weapons now exist amounting to an estimated total yield of some
15,000 megatons (about 5,000 times greater than that of all the
explosives used in the Second World War).

Since 1982, there has been a series of scientific
reports in which the extensive indirect effects of nuclear war
have been recognized. Scientists have realized that:
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- large quantities of light-absorbing smoke particles would be
injected into the atmosphere by fires ignited by nuclear
explosions;
- incoming sunlight, which warms the Earth's surface and provides
the energy that drives the atmospheric processes and biological
production, would be reduced by smoke and soot, altering the
weather and influencing climate;
- the potential effects on natural ecosystems, fisheries and
agriculture would be significant;
- agricultural supplies for survivors of the direct effects would
be jeopardized.

According to a study carried out in 1983, the predicted
adverse effects included temperature drops of up to 25 to
30 degrees Celsius over the land mass of the northern hemisphere,
strong heating and stabilization of the upper troposphere, and
accelerated transport of smoke to the southern hemisphere. The
darkness, land cooling and radiological effects were potentially
so severe that the term "nuclear winter" was coined as a metaphor
for the aftermath of a nuclear war involving thousands of megatons
of explosives.

Further studies were carried out, including a major
study involving over 300 scientists from 30 countries conducted by
the Scientific Committee on Problems of the Environment (SCOPE) of
the International Council of Scientific Unions (ICSU). That
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report, entitled Environmental Consequences of Nuclear War
(ENUWAR), concluded that " the indirect effects on populations
of a large-scale nuclear war, particularly the climatic effects
caused by smoke, could be potentially more consequential globally
than the direct effects, and the risks of unprecedented
consequences are great for non-combatant and combatant countries
alike", (emphasis in original) (Environmental Consequences of
Nuclear War, Pittock et al., 1986, foreword, p. xxvi).

Progress on key scientific issues

Calculating the quantity of smoke that would result from a major
nuclear war is difficult; tha amounts, and the density, would vary
depending on such factors as the types of targets, the nature of
the combustible material and the extent of the fires. For example,
fires in areas of heavy industry and oil refineries would produce
much denser smoke than fires in rural areas.

While global estimates of the amount of smoke that could
be released have recently been reduced, estimates of the
components of smoke emissions produced by burning materials have
increased substantially. Estimates of the ability of smoke
produced in urban fires to absorb sunlight have increased by as
much as three times over some earlier calculations. The dark,
sooty component of smoke emissions is now recognized as the most
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important factor with regard to effects on the atmosphere and
climate. Subsequent heating of smoke by absorption of solar
radiation can result in further ascent of smoke particles. The
self-induced lofting of nuclear war smoke suggests that its
residence time in the stratosphere could be greatly increased,
that substantial quantities of smoke could be transported to the
southern hemisphere and that the integrity of the stratospheric
ozone layer could be threatened.

Smoke and dust particles caused by fires would
eventually fall back to the earth's surface. The extent and
efficiency to which this process, which is called "removal",
occurs is of critical importance to the effects on climate. The
principal removal mechanism would be precipitation, mostly in the
form of rain.

The removal efficiency of smoke by clouds and
precipitation (referred to as "scavenging" and "removal") is
presently assumed to be in the range of 30 to 50 per cent during
the first few days following smoke generation. The removal
processes include the "prompt" scavenging in "black rain" directly
over the conflagrations expected after a nuclear exchange, as well
as subsequent scavenging by precipitation downwind of the fires.
Scavenging of the smoke would decrease the potential for light
reductions and patchiness would produce lighter and darker regions
locally. Recent laboratory and field measurements of smoke
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properties suggest that the removal efficiency for the blackest,
sootiest smoke may be smaller than has been assumed. Further
refinement of the smoke scavenging estimates is needed.

New laboratory studies indicate that soot reaching the
stratosphere (by direct injection and self-lofting) is not likely
to be rapidly decomposed by reacting with ozone and that this
process may take about a year or more. This important result
implies that soot clouds could be quite stable in the upper
atmosphere, allowing them to spread globally, with the potential
for long-term effects on the global climate.

Significant advances have been made in modelling the
atmospheric response to massive smoke injections. The laws
governing relevant atmospheric processes are cast in mathematical
form and the resulting equations solved on high-speed computers.
Such computations are capable of representing the changes in solar
and thermal infra-red radiation transfer, the hydrologic cycle, as
well as atmospheric circulation and dynamics. Such models, adapted
for simulation of "nuclear winter" conditions, have been developed
at the Los Alamos National Laboratory, the National Center for
Atmospheric Research and the Lawrence Livermore National
Laboratory in the United States, the Computing Centre of the USSR
Academy of Sciences in the Soviet Union, the United Kingdom
Meteorological Office and the Commonwealth Scientific Industrial
Research Organization in Australia. These calculations confirm the



possibility that sub-freezing temperatures may be reached in
localized regions even in summer. They also show substantial
reductions of precipitation and suppression of the summer monsoon
- in other words, major reductions in rainfall - even with
relatively small amounts of smoke. The potential for climatic
effects lasting for a period of one year or more have been
recognized, with the possibility of average global temperatures
decreasing by several degrees, which could have a major effect on
agriculture.

There is now ample observational evidence that the smoke
from natural forest fires and dust can cause decreases of several
degrees in daytime temperatures in a matter of hours to days. This
evidence increases confidence in the calculations showing more
severe temperature reductions if very large quantities of smoke
were to be injected into the atmosphere by fires started after a
nuclear exchange.

The injection into the stratosphere of the nitrogen
oxides produced in a nuclear fireball and air from
the lower atmosphere, which is low in ozone, the displacement of
the ozone-rich lower stratospheric air and the dependence of
chemical reaction rates on the anticipated temperature increase of
the stratosphere are also being studied with respect to their
potential for reducing the amount of stratospheric ozone. Ozone
depletion would imply increased damaging ultraviolet solar
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radiation for several years following a nuclear exchange. Current
estimates are that ozone reductions could be very substantial, of
the order of 50 per cent. The Group's report states that, because
of the great potential importance of this problem, it urgently
needs further study.

The electromagnetic pulse caused by high-altitude
nuclear detonations can disrupt and damage a wide variety of
electrical and electronic components and devices, leading to the
loss of power, communications and other services out to distances
of thousands of kilometres. This would represent a significant
additional disruption to the infrastructure on which survivors
would have to rely.

Early radiation, along with blast and heat, would kill
many people in the immediate vicinity and destroy the housing,
sanitation, transport and medical facilities. Beyond the area of
devastation, nuclear fall-out arising from the explosions
themselves and from the destruction of nuclear installations would
spread globally and be a source of continuous radiation exposure
for years. The long-term consequences (e.g. cancers, malformations
and possibly genetic effects) among the survivors of the initial
radiation burst and those exposed to fall-out would be
significant, but their importance would be considerably smaller
than consequences from the early effects and those resulting from
disruption of basic infrastructure, including medical and food
distribution services, for months and perhaps years after the
event.
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Findings and Conclusions

Having considered the various aspects involved, including the
atmosphere and climatic consequences, the effects on natural
ecosystems and agriculture, and the probable health and socio-
economic effects, the Group arrives at a number of findings and
conclusions.

The Group's examination of the evolution of scientific
thought on the global environmental consequences of a nuclear war
reveals a clear convergence towards consensus. The Group states
that the criticisms and objections that have been raised from time
to time - mostly concerned with the uncertainty and limitations of
early models - have been reviewed and do not invalidate the
conclusion that a large-scale nuclear war could have a significant
effect on global climate.

The scientific evidence is now conclusive that a major
nuclear war would entail the high risk of a global environmental
disruption. The risk would be greatest if large cities and
industrial centres in the northern hemisphere were to be targeted
in the summer months. This is largely because a severe cooling in
the summer months would have a much greater effect on growing
crops than in the winter when plants are either dormant or perhaps
not even sown. During the first month, solar energy reaching the
surface in mid-latitudes of the northern hemisphere could be
reduced by 80 per cent or more. This would result in a decrease of
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continental averaged temperatures in Kid-latitudes of between 5
and 20 degrees C below normal within two weeks after the injection
of smoke during summer months. In central continental areas
individual temperature decreases could be substantially greater.
Three-dimensional atmospheric circulation models with detailed
representations of physical processes indicate regional episodes
of sub-freezing temperatures, even in summer. Recent work suggests
that these effects might be compounded by a decrease in rainfall
of as much as 80 per cent over land in temperate and tropical
latitudes. The evidence assessed to date is persuasive that
residual scientific uncertainties are unlikely to invalidate these
general conclusions.

Beyond one month, agricultural production and the
survival of natural ecosystems would be threatened by a
considerable reduction in sunlight, temperature depressions of
several degrees below normal and suppression of precipitation and
summer monsoons. These effects would be aggravated by chemical
pollutants, an increase in ultraviolet radiation associated with
depletion of ozone and the likely persistence of radioactive
"hotspots".

The sensitivity of agricultural systems and natural
ecosystems to variations in temperature, precipitation and light
leads to the conclusion that the widespread impact of a nuclear
exchange on climate would constitute a severe threat to world food
production. The prospect of widespread starvation as a consequence
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of a nuclear war would confront both targeted and non-targeted
nations. This would be aggravated by the increasing dependence of
food production on inputs of energy and fertilizers and the
dependence of food distribution and availability on a smoothly
functioning societal system of communications, transportation,
trade and commerce. The human impact would be exacerbated by an
almost complete breakdown of health care in targeted countries and
the likelihood of an increase in damaging ultraviolet radiation.
The direct effects of a major nuclear exchange could kill hundreds
of millions: the indirect effects could kill billions.

The socio-economic consequences in a world intimately
interconnected economically, socially and environmentally would be
grave. The functions of production, distribution and consumption
in existing socio-economic systems would be completely disrupted.
The severe physical damage from blast, fire and radiation in the
targeted countries would preclude the type of support that made
recovery possible following the Second World War. The breakdown of
life support systems, communications, transportation, the world
financial and other systems would compound the difficulties caused
by food shortages in non-targeted countries. Long-term recovery
would be uncertain.

The immediate and direct effects of nuclear explosions
and the global, environmental consequences of a major nuclear war
constitute a continuum. Each would exacerbate the other. There
would be synergy within each aspect as well as between them so
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that the integrated total effect of fire, blast and radioactivity
would be greater than their sum. Similarly, temperature decrease,
brief sub-freezing episodes, diminished precipitation, suppressed
monsoons and increased ultraviolet radiation would interact in a
manner that would compound their separate effects. The global,
environmental disruption resulting from a major nuclear war would
be inseparably related to its direct and localized effects. Both
should be considered in resolving policy issues of nuclear
weaponry and should be the concern of all nations.

The possibility exists that further global environmental
consequences of a major nuclear exchange may yet be identified.
The Group believes that the co-operative, international scientific
effort that has identified this new dimension of nuclear warfare
should be continued to refine present findings and to explore new
possibilities. For example there is a need to resolve the emerging
issue of a possibly massive depletion of ozone as a result of
major nuclear war and the ensuing increase in ultraviolet
radiation with potentially serious consequences for living
organisms.

The scientific advances that have led to a clear
understanding of the global consequences of major nuclear i
should be pursued internationally. They should also interact

| strongly with the analysis of public policy decisions on t,heb
issues, which have potential implications for non-combatant
nations as well as for nations that might be in conflict. The
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discussion of these matters has underscored the importance of the
dialogue between the world scientific community and public policy
makers - a dialogue that has illuminated this general issue during
the 1980s.

Decision of the General Assembly, 1988

On 7 December 1988, by resolution 43/78 D, which was adopted by
145 votes in favour to none against with 9 abstentions (Belgium,
France, Germany. Federal Republic of, Luxembourg, the Netherlands,
Portugal, Turkey, the United Kingdom ol Great Britain and Northern
Ireland and the United States of America), the General Assembly
took note of the study, expressed its appreciation to the
Secretary-General and the Group of Consultant Experts, and
commended the study and its conclusions to the attention of all
Member States. The General Assembly also invited all Member States
to communicate to the Secretary-General their views on the study
before 1 September 1989, and requested the Secretary-General to
make the necessary arrangements for the reproduction of the report
as a United Nations publication and to give it the widest possible
distribution.

The report will be published early in 1989 as United
Nations Sales Publication No. 89.IX.1.
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Inquiries should be addressed to:

Department for Disarmament Affairs
United Nations
New York, N.Y. 10017

Geneva Branch
Department for Disarmament Affairs
Palais des Nations
CH-1211 Geneva 10, Switzerland
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