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In the event of a major nuclear weapon exchange, 
it is estimated that several hundred million casualities 
could occur in combatant nations as a consequences of the 
direct effects (i.e. blast, thermal pulse and local 
radiation). The draft report of the World Health Organiza^ 
tion (W.H.O.) on the immediate medical effects of nuclear 
war, which available at the SCOPE-ENUWAR Stockholm work
shop (1983), projected 100-1000 million prompt deaths (1). 
However, the potential exists for far greater loss of life 
to occur in non-combatant nations from indirect effects, 
primarily through famine caused by climatic perturbations 
adversely affecting agriculture. 

Such indirect effects are estimated to place a 
total of three quarters of the world's population (i.e. se_ 
veral thousand million people) at risk. 

PHYSICAL EFFECTS 

The potential for severe climatic perturbations 
to occur in the aftermath of a major nuclear exchange was 
first recognised six years ago by Crutzen and Birks (2). 
These perturbations would occur primarily as a result of 
the injection of large masses of smoke aerosols into the 
atmosphere due to major urban, industrial and forest fires 
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ignited by nuclear weapons causing black smok to be spread 
through the atmosphere over extensive areas of the globe. 
Studies on fire plumes from individual cities, examined 
during the SCOPE-ENUWAR Leningrad workshop (1984), indica
te that injection of smoke into the upper tropopause (5-10 
km in altitude) and even into the stratosphere could re
sult from intense upward air currents that could develop in 
the fire flumes. Results from interactive models reveal 
that the tropopause could be depressed by several kilome
ters in the Northern Hemisphere. Such changes would pro
foundly affect the persistence of the smoke, the liklihood 
of its removal from regions where coulds and moisture could 
otherwise achieve this, and possibility of distribution in 
the stratosphere and transference to the Southern Hemisphe 
re. ~~ 

Massive smoke injections may lead to devastating 
disturbances of global climate since smoke aerosols have 
property of strongly absorbing light of some (visible) wa 
velengths, but transmitting light of other (infra-red) w a -
velenths (thus preventing solar from reaching the earth*s 
surface, whilst causing little attenuation of emitted 
terrestrial infrared radiation). This causes heating of 
the smoke layer and upper atmosphere, and cooling at the 
earth's surface. The resultant temperature inversion, 
which is predicted to remain stable for a prolonged period, 
results in disturbance c the normal weather patterns. 

A nuclear weapon exchange which involves a signi
ficant fraction of the potentially combustible materials is 
estimated to inject to tens to hundreds of teragrams ( l T g « 
1 0 1 2 g) of sooty smoke into the atmosphere. In fact, 
nuclear attacks on about a hundred of the most important 
urban and industrial centres of NATO and Warsaw Pact Na
tions could cause the injection of several tens of tera
grams of soot. It has been projected that the effects of 
such black smoke would outweight effects due to dust or 
grey smoke from surface bursts and forest fires. The 
SCOPE-ENUWAR smoke injection scenarios, which span a range 
of 15-150 Tg of smoke with a high carbon content ( defined 
at the Bangkok workshop, February 1 9 8 7 ) , cover a plausible 
range of conditions consistent with current observational 
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data and analyses thus providing a common basis for inter-
comparison of results from models used by different labo
ratories. 

The smoke yield and the degree of blackness of 
the smoke depending on the type of material burned. The 
blackness of the smoke is governed by its elemental carbon 
content and this property determines how strongly solar 
radiation is absorbed: the greater the elemental carbon 
content, the blacker the smoke and therefore the greater 
the absorption. Large quantities of black sooty smoke are 
produced from fossil fuels, such as oil and coal, and from 
materials which are derived from these products. In nu
clear initiated conflagrations it is expected that sooty 
smoke which has surprisingly uniform properties would be 
generated by flaming combustion. The specific absorption 
coefficient of soot (at the wavelength of visible light) 
typically has a value of 8-10 m2g""1. This means that one 
gram of soot can black out about two-thirds of the light 
over an area of 8-10 square metres. The fact that this va
lue is found to be relatively independent of the particle 
source (or size) is consistent with the newly developed 
theory of light absorption by fractal aggregates developed 
by Profs. Berry and Percival (3). 

The extent to which smoke particles may be removed 
from the atmosphere is an important factor in assessing po 
tential climatic effects, as this affects the ultimate 
atmospheric lifetime of the smoke. The most effective 
process for removing atmospheric particles is through pre
cipitation scavening, which is dependent on the nucleation 
properties of the aerosol. Low cloud condensation nuclei 
activity is found for particles generated from liquid 
organic fuels (e.g. kerosene), with CCN concentrations in 
smoke cloud indistinguishable from ambient air levels. 
Thus it would be unlikely that such particles would be 
efficiently incorporated into cloud droplets formed over 
very large fires. Further work is required to determine 
whether this is a property of all soots including those 
generated by the combustion of crude oil and mixtures of 
fuels characteristic of urban fires. 

Additional physical effects occurring in the event 
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of a nuclear war include the possibility of long-term (se 
veral year) global ozone depletions of 50% or more, due to 
the occurrence of massive smoke and nitrogen oxide (N0X) 
injections (indicated by results obtained by Los Alamos 
Laboratory). Consequently high doses of harmful ultra
violet solar radiation (UV-B) could reach the Earth's sur
face over an extended period of time. It would be expected 
that the ozone depletion would become worse during the 
first year, although the eventual minimum in ozone must 
be determined through longer model simulations. 

The global climate impacts resulting from massive 
smoke injections have been simulated by a number of inde
pendent groups using 3-dimensional computer models of 
atmospheric circulation based on the physical equations of 
fluid flow (general circulation models or GCM's). GCM's 
currently in use incorporate many refinements such as, 
treatment of dispersion and scaveging of smoke, ocean 
buffering and solar and infra-red effects. The Bangkok 
smoke injection scenarios have been used in recent GCM si
mulations in order to assess potential climatic effects. 
The studies have confirmed predictions that a major nu
clear war could lead to temperature decreases of as much 
as 15°C to 30°C for days to weeks in some regions during 
the Northern Hemisphere summer. Dramatic changes in preci 
pitation have also been calculated, including e.g. the 
failure of the Asian summer monsson. 

Considering radiological effects, studies reveal 
that global (or delayed) radioactive fallout can be consi
dered a second order effect compared with the biological 
impaces of direct effects including (or early) fallout. 
Recently the Chernobyl nuclear power plant accident has 
been used as a case study model to gain information 
regarding the dispersal and deposition of radionuclide 
releases. TheThe contamination from Chernobyl was 
generally small in comparison with background radiation 
from natural sources. Thus although the emissions from 
Chernobyl cannot be compared in magnitude,composition or 
character with the fallout to be expected from the exchange 
of nuclear weapons (as discussed in the original ENUWAR 
report) the studies of dispersion and deposition of the 
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Chernobyl releases have, nevertheless, shown that radionu
clides may be transported over long distances and that 
these processes may be predicted by mathematical models. 

ECOLOGICAL AND AGRICULTURAL EFFECTS 

Natural ecosystems are vulnerable to extreme cli
matic disturbances, the effects depending on the magnitude, 
duration and spatial extent of disturbances, as well as 
the ecosystem type, location and season. Of all ecosystem 
types it is concluded that agriculture is the most vulnerja 
ble to the physical and societal disruptions that could 
follow a large scale nuclear war. Moreover,,since natural 
ecosystems would probably be able to maintain less than 
1% of the current human population, humans are vulnerable, 
to large scale disruption in agricultural production and 
food distribution. The predicted climatic and economic-
societal consequences could put a majority of the world*s 
population at risk of starvation. 

To gain a more detailed understanding of the po
tential biological impacts of nuclear war, individual case 
study analyses (including regions such as Australia, The 
Peoples' Republic of China, India and Japan and possibly 
sub-Saharan Africa and Venezuela) are being planned and 
intiated. 

CONCLUSIONS 

Uncertainties remain regarding the effects of 
large-scale changes in the physical environment on crops 
and ecosystems. Indeed, little is known about the longer-
therm atmospheric effects, which are controlled by the in
teractions of oceans and land, or about changes in atmos
pheric chemistry. Hence, there is a need for further 
study since the largest crops and stocks are located on 
continental land masses. Nevertheless, recent calculations 
and measurements (4,5) have revealed that the major con
clusions of the initial SCOPE-ENUWAR report (6) remain 
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valid i.e.: the indirect effects in populations of a large-
scale nuclear war» particularly the climate effects caused 
by smoke, could potentially be more consequential than the 
direct effects, and the risks of unprecedented consequences 
are great for non-combatant countries alike. Morecver, 
even if arms limitations agreements to reduce nuclear 
arsenals by 50% were implemented, whilst targeting of 
cities and major industrial installations remains an ele
ment in nuclear war strategy, there would apper to be 
little likelihood of any substantial reduction in smoke 
emissions, and therefore in predicted environmental per
turbations (5). 
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