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or most of the past four decades,

the scientific understanding of

the consequences of nuclear war

was dominated by the experi-
ences of Hiroshima and Nagasaki.! A
potential modern nuclear war was largely
considered to be just a collection of
Hiroshimas, each independently result-
ing in human casualties locally from
blast, burns, and radiation. Effects on
the environment in Japan were trivial
compared to direct effects on people
near each detonation, and it was not un-
til 1975 that the first serious study on
global environmental effects was under-
taken.? However, that study failed to
recognize the critical indirect effects that
could follow the global atmospheric
changes and other large-scale physical
stresses induced by multiple nuclear det-
onations. Only in the last few years have
these issues been identified® and studied
carefully. The first volume of the study
by the Scientific Committee on Prob-
lems of the Environment (SCOPE) on
the environmental consequences of nu-
clear war (ENUWAR)," updated at a
1987 Bangkok workshop and a more re-
cent Moscow workshop, constitutes the
standard reference that examines and

documents the global-scale physical en-
vironmental stresses that could follow a
major nuclear war.

While recognizing that uncertainties
remain in the projections of physical ef-
fects, ENUWAR scientists expanded the
assessments to include potential conse-
quences for the Earth’s biological sys-
tems including the global ecology, agri-
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cultural productivity, and associated
impacts on the human population (for
effects on population see Figure 1 on
this page).® The authors of the second
volume of the ENUWAR study took the
approach of examining the vulnerabili-
ties of the global biology to the types of
physical stresses predicted and thus did
not limit their evaluations to any single
scenario,

The physical stresses were classified
according to their biological relevancy,
with emphasis on the following:

e acute climatic changes, consisting
of abrupt onset of brief periods of chill-
ing or freezing temperatures and sharp
reductions in sunlight, lasting for a pe-
riod of weeks to months;

e chronic climatic changes, with tem-
poral and spatially averaged tempera-
ture reductions of a few degrees below
normal for at least one growing season
and perhaps several, with associated re-
ductions in sunlight (5 to 20 percent) and
precipitation (25 to 50 percent);

e stratospheric ozone depletions that
could increase ultraviolet-B (UV-B) ra-
diation at the Earth’s surface by a factor
of 2 or more;

¢ Jocal and global fallout of radionu-
clides produced by nuclear detonations;
and

e other physical stresses such as air
pollution and wildfires.

Global Issues and Effects

The conclusions from the biological
studies were clear: the potential indirect
effects of a large-scale nuclear war could
greatly exceed the direct effects, and the
substantial majority of the human pop-
ulation would be at risk of global famine
resulting from severe reductions in agri-
cultural productivity throughout at least
the Northern Hemisphere. Ecological
effects would be unprecedented in inten-
sity and scale, and disruptions in energy
subsidies to agriculture, such as loss of
fertilizers and pesticides, could exacer-
bate the agricultural effects. The poten-
tial for secondary ecological effects and
synergisms, as well as important feed-
backs with societal responses to nuclear
26

war, is great; however, these issues have
not been examined in depth. This stark
picture of nuclear famine on a global
scale was reaffirmed at the Bangkok
workshop, even in light of the so-called
“nuclear autumn’’ scenario,® and most
recently at the Moscow workshop. As
agricultural systems in particular are
very sensitive to the types of physical
stresses discussed in the ENUWAR
physical effects report, the uncertainties
in these effects at the intensity of current
projections are not significant for the
biological conclusions.

The ENUWAR biological studies are
different from the physical studies in
several regards. First, the experimental
data base for the biological effects of
nuclear war is lacking, and governments
provide very little funding for such stud-
ies. Those studies that have been con-
ducted have focused on ecological ef-
fects of radiation at exposure levels that
could occur only very near nuclear deto-
nations,” severely limiting the applica-
bility of these experiments. Biological
responses to stress are functions of the
scale and intensity of the stresses, yet no
ecosystems-level experiments have been
conducted using nuclear-war-projected
climatic changes. Second, modeling the
responses of the biosphere to global
stresses is in its infancy, unlike the sub-
stantial effort on global climate models.
Also, the diversity and complexity of
biological systems worldwide, and their
intricate feedbacks with human sys-
tems, make ecological generalizations
difficult. Consequently, estimating the
potential effects of nuclear war on bio-
logical systems requires a suite of differ-
ent methodologies, which include: his-
torical analogues, such as 1816, the
““year without a summer,” for effects
of extreme weather episodes during a
growing season; statistical models, also
based on historical data but for normal
relationships, such as that between aver-
age temperature and growing season
length; physiological data and models,
derived from controlled field and labo-
ratory experiments on plant and animal
responses to temperature, light, and
other environmental conditions; simu-
lation modeling of ecosystems and agri-

cultural crop productivity, used to test
for sensitivity to chronic climate effects;
and expert judgment, drawing upon
specialists in many different types of
ecological and agricultural systems.

Based on this suite of approaches, the
global-scale assessments were con-
ducted and uncertainties identified. Cer-
tain scientific issues were identified as
critical:

e issues of scale—the vulnerabilities
of ecological and agricultural systems,
the processes controlling recovery, and
the stresses themselves can only be de-
scribed with attention to the time and
spatial scales (for example, a tempera-
ture prediction, daily averaged over a
general circulation model grid scale of
about 5 x 5 degrees longitude and lati-
tude, that temperatures would remain a.
5° C can still allow subfreezing tempera-
tures to occur locally and for brief peri-
ods of time);

¢ importance of variances versus av-
erages—biologically relevant stresses
are likely to be excursions from normal
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conditions, such as brief episodes of low
temperatures or reductions in frequency
of precipitation events, rather than sim-
ple reductions in average conditions;

® physical/biological interface is-
sues—the previous two items have con-
siderable implications for the types of
information biologists need from physi-
cal scientists (see Thomas Ackerman
and Wendell Cropper, JIr., page 31).

® focus on primary effects rather
than secondary effects—ecological re-
sponses to stress involve a myriad of in-
direct, secondary effects, such as those
on food webs, loss of critical species,
and pest outbreaks,® and the actual ef-
fects for these issues, which have not
been addressed in the context of nuclear
war, are likely to be more severe, and

/e more synergistic responses than
predicted; and

e vulnerability of agricultural pro-
duction and food availability—of all the
ecological systems examined, agricul-
ture was consistently the most sensitive
to the physical stresses and societal dis-

ruptions projected to occur following a
nuclear war.

The single area in which the biological
consequences of nuclear war need to be
modified since publication of the ENU-
WAR study is the effects of increased
UV-B radiation associated with deple-
tion of stratospheric ozone. At the Mos-
cow workshop new results indicated
that long-term ozone depletions of 50
percent or more are feasible (see R, P.
Turco and G. S. Golitsyn, page 8), and
UV-B levels could increase by a factor of
5 or more. New summaries of the bio-
logical effects of enhanced UV-B radia-
tion’ suggest damage to many marine
phytoplankton, zooplankton, and lar-
val fish populations in response to in-
creases of UV-B radiation of only 10 to
50 percent, with potential alterations
in marine biological diversity, pelagic
community structure, and fisheries
yields. Extrapolations to a fivefold in-
crease are uncertain, but severe global-
scale effects on marine ecosystems, as
well as on agricultural systems, are plau-

sible. Improved assessment of biological
effects from nuclear-war-induced UV-B
radiation requires serious attention.

Objectives of Case Studies

Although the biological picture that
has emerged through the ENUWAR
study represents a strong consensus in
the international scientific community,
substantial uncertainties remain. ENU-
WAR scientists recognized that to re-
duce uncertainties would entail consid-
erable experimental research or new
model development, for which funds
are not presently available, or a focus on
improving local data bases and local
knowledge of specific regions. Conse-
quently, the ENUWAR project has initi-
ated a series of national-level case stud-
ies with two primary objectives.

One goal is to reduce the remaining
scientific uncertainties in understanding
the effects of nuclear war by using much
more detailed data on ecological, agri-
cultural, and human systems available

FIGURE 1. Proposed case study regions and estimated global populations (by latitudes) at risk from nuclear war.
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at the national level and by drawing
upon scientists with broad expertise in
specific national conditions. Thus, the
overall scientific understanding will be
advanced significantly beyond what was
possible in the global study.

Second, even though uncertainties
still exist, the basic new picture of nu-
clear war effects has become well estab-
lished through the ENUWAR study.
Consequently, a major task is for this
scientific information to be widely in-
corporated into the thinking of policy
analysts and decision makers through-
out the world, especially since the mes-
sage is most important to non-nuclear
countries. The most effective way to ac-
complish that task is by conducting
studies on specific countries so that their
leaders, and the leaders of similar coun-
tries, can relate much better to the ef-
fects in the context of their own condi-
tions rather than just hemispheric aver-
ages. Actively involving the highest lev-
els of the scientific communities in each
country considerably aids in reaching
policy leaders. A secondary benefit is

that the national case studies have di—.)
rect relevance to current environmental

stresses that are experienced globally but
whose effects occur at the local or na-
tional scale, such as climate change or
the effects of UV-B radiation on the vul-
nerable agricultural systems of countries
such as India, China, and sub-Saharan
Africa.'

To facilitate the case studies, ENU-
WAR scientists will convene technical
workshops with in-country scientists to
provide each country with projections
of the physical effects of a U.S.-Soviet
nuclear war on the environment of the
specific nation studied. They will also
provide: for certain countries, such as
Japan, additional specific scenarios of
nuclear detonations on those countries;
methodologies, models, and other ana-
lytical tools so that the in-country scien-
tists can assess the effects of nuclear war
on their country’s ecological, agricul-
tural, and human systems; technical and
logistical assistance in preparing scien-
tific and popular reports; and assistance
in acquiring support for each study.

[I  All nations chosen for case studies
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would likely be noncombatants, so that
indirect effects would not be masked by
direct effects; are major population cen-
ters or are representative of a class of
countries that collectively have substan-
tial populations; have major scientific
| communities that could be drawn upon
to conduct the studies; and have an in-
| country scientist willing to coordinate

| the study with the potential for research
| funding.

The countries or regions that were se-
lected for initiating studies are sub-Sa-
haran Africa, Australia, the People’s
Republic of China, India, Japan, and
Venezuela. Bach has very different agri-
cultural, ecological, and human sys-
tems, and assessment of the physical
and climatic effects following a nuclear
war will be nation-specific and even
local-region-specific. Thus, each case
study will focus on the specific effects of
nuclear war on the country’s ecological,
agricultural, and human systems that
are most pertinent.

Each case study will produce a de-
tailed technical report describing the
complete project, its approaches, re-
sults, and conclusions; a brief technical
summary of that larger technical docu-
ment, and a short version written for

educated nonscientists, especially poli-
cymakers, that describes the essence of
the study and its findings. A summary
technical book will also be produced
based on the technical reports for syn-
thesis and integration across studies and
for extrapolation to global implications.
The current status of each of the studies
follows.

e Sub-Saharan Africa. Commit-
ments for participation in the ENU-
WAR African case study have been
made by the directors of scientific re-
search in Cameroon, Benin, Togo, and
Burkina Faso; additional countries
from East and southern Africa will be
added. Coordination will be through the
Semi-Arid Food Grain Research and
Development Program of the Organiza-
tion of African Unity, and collabora-
tions are also being explored with the In-
ternational Crop Research Institute for
Semi-Arid Tropics, the International In-
stitute of Tropical Agriculture, the In-
ternational Livestock Center for Africa,
the Regional Agro-Meteorological Or-
ganization, and other organizations.
Emphasis will be on agricultural effects
on staple crops and livestock, especially
from reductions in precipitation associ-
‘ated with monsoon inhibition and from
disruptions in imports of food, energy,
pharmaceuticals, and other essential
commodities. Ecological effects will
also be studied.

o Australia. The case study in Aus-
tralia is affiliated with the Australia
Academy of Sciences and will be coordi-
nated by the climate-agriculture re-
search unit at Australian National Uni-
versity. The study is expected to include
effects on New Zealand and Papua New
Guinea as well and thus includes atten-
tion to societal effects (see Wren Green,
page 28). Particular emphasis will be on
using the extensive data base and model-
ing capabilities to examine current cli-
mate variability and agricultural im-
pacts and for relating general circulation
model results to local weather condi-
tions. (These methodologies will also be
applied to the other case studies.)

e People’s Republic of China. The
national case study in China is spon-
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