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This article, which describes two variations of a “limited”” nuclear war in East
and West Germany, is based on scenarios that differ from the one on which the
other articles in this issue are based. The authors demonstrate that even the most
limited of militarily significant uses of nuclear weapons in the two Germanies
would have catastrophic consequences, with many millions of fatalities, and the
likelihood of escalation to full scale, global nuclear war.

As the other articles in this issue of Ambio
demonstrate, the use of a significant frac-
tion of the US and Soviet strategic weap-
ons arsenals could result in enormous de-
struction throughout the Northern Hem-
isphere. It is their ability to invoke this
murder-suicide pact that the superpowers
consider their ultimate deterrent against
nuclear attack.

The strategic warheads which the US
and Soviet Union are prepared to rain
down upon each other comprise, however,
less than half of the number of nuclear
warheads in their arsenals. The remainder
of their nuclear weapons are intended for
naval warfare and for the deterrence of
attacks against their ‘“‘vital interests” in re-
gional confrontations around the world.

The most heavily nuclearized regional
confrontation is that between the NATO
and Warsaw Pact forces in Europe, involv-
ing over 10 000 so-called “‘theatre” nuclear
warheads. Currently there is a great de-
bate going on in Europe about the benefits
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and dangers which are associated with the
presence of these weapons. Frequently dis-
cussed in this debate are scenarios for the
“limited” use of nuclear weapons in
Europe. The purpose of this article is to
provide some estimates of the conse-
quences for the civilian population of such
possible ““limited” nuclear wars.

Our finding is that any use of nuclear
weapons which would have militarily signi-
ficant effects against targets in the densely
populated and developed continent of
Europe would result in the deaths of many
millions of civilians. Similar estimates have
previously been obtained for the conse-
quences of limited nuclear exchanges be-
tween the superpowers (1).

Since some strategists will probably
point out the “good news”—that, for the
very limited and controlled attacks discus-
sed in our scenarios, the majority of the
population of Europe would survive—it is
important to emphasize how unlikely it is
that a nuclear war would be stopped after

such initial attacks. By the time warheads
were used against large fractions of signifi-
cant classes of military targets (hundreds
of nuclear warheads against fixed military
targets and more than a thousand against
battlefield targets), it is likely that the ex-
change of nuclear blows would be building
up with such great rapidity that all-out nu-
clear war would be inevitable. Each side
would be under enormous pressure to use
its nuclear forces for fear that its weapons
or command and control abilities were
about to be lost due to enemy attacks (2).

The first use of nuclear weapons in
Europe would probably be an act of des-
peration—an attempt either to reduce the
strength of an apparently imminent nuclear
attack by the other side or to prevent a
major defeat or irreversible loss of terri-
tory in a war being fought with non-nu-
clear weapons. In the following two sec-
tions we will, therefore, describe and con-
sider the consequences of two hypothetic-
al, strictly “limited”” nuclear attacks:
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A) preemptive attacks by each side
against the nuclear weapons and nu-
clear weapons delivery vehicles of the
other side, and

B) the battlefield exchange of nuclear
weapons between the NATO and
Warsaw Pact armies.

Our analysis restricts itself to a study of
consequences of these nuclear exchanges
for East and West Germany because a
comprehensive analysis of the consequen-
ces for all of Europe was not feasible. Our
choice of the two Germanies was hardly by
chance, however. Across the boundary di-
viding their small combined area (356 000
square kilometers—equal to only 4 percent
of the area of the US or 1.5 percent of the
area of the Soviet Union) large fractions of
both the nuclear and non-nuclear military
forces of the NATO and Warsaw Pact
alliances confront each other ‘“nose to
nose.” As a result, should war break out in
Europe, it is most likely that the Germa-
nies would be at its focus and, should nu-
clear weapons be used, it is likely that they
would be used both first and most intense-
ly on these same small territories.

It is unlikely that any nuclear exchange
would long remain limited to the Germa-
nies, however. It would make little sense,
in particular to conduct a preemptive
attack against the nuclear weapons in the
Germanies without attempting to destroy
the other nuclear weapons which are con-
trolled by the alliances in Europe. Ulti-
mately, it would make little sense to de-
stroy the nuclear weapons deployed by a
superpower in Europe without trying to
destroy the associated nuclear weapons on
that superpower’s home territory. Nothing
but labeling prevents these weapons from
being targeted against the nuclear forces of
the opposite alliance—either in Europe or
at home. Our analysis of the consequences
of such preemptive attacks should there-
fore be thought of as an examination of
what might occur as a result of the first
nuclear exchanges in one small part of
what would probably grow rapidly into a
global nuclear battlefield.

Both the attacks which we will discuss
are assumed to be purely countermilitary.
In neither case do we assume that there is a
deliberate attempt to destroy populations
or their support systems. In other words,
all civilian deaths would be purely “‘col-
lateral” (unintentional). By focussing on
the smallest plausible military use of nu-
clear weapons in the Germanies (apart
from ‘“‘demonstration” attacks), we hope,
therefore, to make clear the least damage
which would result to the population and
society of this one area of Europe follow-
ing any actual implementation of the doc-
trines of limited nuclear war on that conti-
nent. )

In what follows, we will discuss for each
of the hypothetical attacks in turn: the
targets of the attack; then the nuclear war-
heads which might be used in those ex-
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1a

Figure 1a. The locations of 92 military airbases in the Germanies are indicated by the circles containing
the symbol “A”, 56-surface-to-surface missile sites by a circle with an ““M”, and 24 known and inferred
nuclear weapons storage depots by a circle with an “‘S”. These are the assumed targets of the preemp-
tive attacks discussed in the text. The area of each circle is 180 square kilometers, the estimated
equivalent “area of death” below a 200 kiloton warhead exploded at an altitude of 2 kilometers.

The shaded rectangles show the sizes of the areas which might be covered in a confrontation along
the border by three Soviet Armies and the opposing NATO forces. Battlefield nuclear weapons would be

used against the forces in such areas.

Figure 1b. The pattern of population density in the two Germanies.

Figure 1c. The fallout pattern, given “‘typical June winds,” for an attack against the targets shown in

Figure 1a with surface-burst 200 kiloton weapons.

changes and their individual effects; and
finally, the consequences for the popula-
tions of East and West Germany of the full
exchanges.

PREEMPTIVE ATTACKS AGAINST
NUCLEAR FORCES

The Targets. While the introduction of
nuclear weapons into Europe has made a
large scale “conventional” (World War II
type) war less likely, it has made nuclear
war more likely. Specifically, in a period of
crisis, if one side believed—correctly or
mistakenly—that the other was consider-
ing using even a few nuclear weapons,
there would be enormous pressure to
attempt a ‘“‘preemptive’’ attack on those
weapons.

The superpowers have gone to great
lengths to protect their strategic arsenals
against surprise attack by placing them in
thousands of widely separated under-

ground concrete silos, in many submarines
hidden in the depths of the ocean, and in
bombers prepared to take off given 5-15
minutes notice. Almost all of the many
thousands of nuclear warheads and deliv-
ery systems in the Germanies are, howev-
er, grouped during peacetime at about 135
known and relatively vulnerable sites.
(Efforts would be made during crisis or
wartime to further disperse these weapons)
(3). In some situations such a dispersal
might be interpreted by the other side as
preparation for ‘‘going nuclear,” however,
and could, therefore, be the trigger for a
preemptive attack before dispersal could
be completed).

In addition to nuclear weapons and de-
livery systems, there are other classes of
facilities and locations in Europe which are
discussed as appropriate targets for nu-
clear weapons. According to one recent
official listing, these include:
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“IRBM/MRBM  [Intermediate  and
Medium Range Ballistic Missiles] sites;
naval bases; nuclear and chemical storage
sites; airbases; command, control, and
communications centers; headquarters
complexes; surface-to-air missile sites;
munitions and petroleum storage areas
and transfer facilities; ground forces in-
stallations; choke points; troop concentra-
tions; and bridges” (4).

Although Box 1 categorizes more than
1100 such targets in the two Germanies, it
does not include all the target categories
on this list.

For the targets of the hypothetical
preemptive exchange discussed in this arti-
cle, we have limited ourselves to the 171
locations shown in Figure 1a which are the
sites of the greatest offensive nuclear
threats in the Germanies: 91 bases for
military aircraft, 56 sites where surface-to-
surface nuclear missiles are based, and 24
known or inferred nuclear weapons stor-
age depots. Military airfields which are not
known to host nuclear armed aircraft dur-
ing peacetime are included in this list be-
cause history suggests that, under crisis
conditions, nuclear armed aircraft would
be dispersed for their protection to all
military airfields and probably to some
civilian airfields as well. During the Cuban
missile crisis, for example, some US
strategic bombers were even dispersed to
major metropolitan airports.

All of the targets shown in Figure la
could, of course, be attacked with non-
nuclear weapons but with much less assur-
ance of success than could be achieved
with a nuclear attack. Storage sites for nu-
clear weapons and their delivery vehicles,
as well as airbases and many support facili-
ties, have been “hardened” against attack
by conventional explosives. Furthermore,
important installations are defended
against bomber attack by surface-to-air
missiles, anti-aircraft guns and fighter air-
craft (5). The ballistic missiles which would
probably be used to penetrate these de-
fenses are equipped exclusively with nu-
clear warheads.

It is likely that an attacker would try to
eliminate the reconnaissance and com-
munications systems of the enemy and try
to destroy his air defenses and command
facilities at the beginning of a preemptive
attack. Nevertheless, in describing the
smallest plausible preemptive attack, we
have excluded as targets: radar early warn-
ing sites, high level headquarters, com-
munication centers, and the locations of
air defense missiles. We have also ex-
cluded 38 nuclear-capable artillery unit
locations from the preemptive attack be-
cause the short range (less than 30 kilo-
meters) of such weapons limits the area
which they can immediately threaten.

The Attacking Weapons. The nuclear
weapons which are committed for use in an
attack against fixed targets in Europe in-
clude approximately 2500 warheads on
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short to medium range missiles plus the
bombs carried by an estimated 2500 nu-
clear-capable fighter-bomber aircraft and
medium range bombers. These delivery
vehicles are located in Europe, the United
States, the Soviet Union, and the waters
surrounding Europe (see Box 2). The
number of nuclear weapons and delivery
vehicles on each side is so large that, even
if a preemptive attack by one side against
the other throughout Europe were 90 per-
cent successful, the attacked side would

retain enough nuclear weapons to execute
a symmetrical counter-attack without re-
sorting to strategic weapons.

The estimated yields of the warheads on
the short to medium range delivery vehi-
cles targeted on Europe range from one to
over one thousand kilotons (a nuclear
weapon with a one kiloton yield produces
a blast equivalent to the explosion of one
thousand tons of TNT). For simplicity, we
will assume that all weapons used on the
targets shown in Figure 1a have a yield of

200 kilotons. This is close to the yield of
150 kilotons which is ordinarily assumed
for each of the three warheads on new
Soviet §S-20 missiles. It is also the yield of
each of the three Polaris warheads on Brit-
ain’s ballistic missile submarines. (These
submarines are under NATO control.) It is
considerably more than the 40-50 kilotons
which is the estimated yield of each of the
400 Poseidon warheads which the US has
committed to NATO but it is also con-
siderably less than the 1100 kiloton yield

BOX 1. TARGETS FOR NUCLEAR WAR IN THE GERMANIES

Number of targets Hardness
West Germany East Germany
A. NUCLEAR THREAT
* Surface-to-surface missile sites 23 33 low-moderate
* Nuclear air bases 9 8® low-moderate
Nuclear artillery battalions 38 0 low
* Nuclear storage sites 18* 6 moderate-intermediate
88 47
B. OTHER MILITARY
National/International hq. 12 6 low
Command/Communications centers 31 13 moderate-intermediate
Army/Corps/Division hqg. 31 34 low
* Air bases (non nuclear) 37 402 low-moderate
Naval bases 7 8 low
Ground forces bases 256 137 low
Radar/Early warning sites 21 10 low
Surface-to-air missile sites 90 100 low
Munitions/Petroleum storage areas 75 63 moderate
Logistic installations 27 15 low-moderate
Chemical storage sites 1 _ 6 moderate-intermediate
588 432
TOTAL 676 479

Government Printing Office, 1977).

The theory of nuclear deterrence, as
practiced by the superpowers, requires
not only that they be able to destroy
each other’s societies, but that they also
be able to use nuclear weapons against
purely military targets should the nu-
clear threshold be crossed (1). As nu-
clear weapons delivery systems have be-
come lower yield, more diverse, flexi-
ble, and accurate, so that they are
effective against particular targets with
less (but still enormous) damage to the
surrounding civilian society, the list of
military targets against which nuclear
weapons could be used has become
steadily longer. The Table above cat-
egorizes more than 1100 sites in the
Germanies which have been designated
by military authorities as appropriate
targets for nuclear weapons.

Much more is known about NATO’s
nuclear targeting plans in Europe than

* Targets attacked in our scenario for a preemptive attack.
* At the time of this writing we have not obtained the coordinates of one of these sites. An attack
on it is therefore not shown on either Figures 1aor 1c.

Sources for Table: The numbers of targets were derived by counting known locations and infer-
ring additional locations via analysis of force structure and military organizations. While specific
numbers may be inaccurate, the ratio of targets in each class and on each side are thought to be
accurate enough to represent the nature of the military presence in the two countries. Estimates of
target hardness were derived from the US Departments of Defense and Energy, The Effects of
Nuclear Weapons, 3rd Edition, (Samuel Glasstone and Philip J Dolan, eds., Washington, DC, US

those of the Warsaw Pact but NATO’s
plans are probably indicative of the
thinking on both sides. NATO’s “Nu-
clear Operations Plan” includes two
attack plans: the “priority strike plan”
and the ““tactical strike plan” (2). The
priority strike plan includes the ‘“‘nu-
clear threat targets”” which are targets
which are assumed in the preemptive
attack scenario discussed in this article.
The tactical strike plan includes other
military and urban industrial installa-
tions.

The targets for nuclear weapons in
Europe are much ‘“softer” than the
underground silos in which intercon-
tinental ballistic missiles are housed.
These silos are designed to withstand
overpressures of 140 to 400 atmos-
pheres. Virtually all of the targets listed
on the Table would be destroyed by
overpressures of less than 20 atmos-

pheres and most of them (eg aircraft
and above ground military office build-
ings) would be destroyed by “low”
overpressures (less than 0.3 atmos-
pheres for equipment disablement, up
to one atmosphere for essentially com-
plete destruction). The hardest targets
in Europe are probably buried and par-
tially buried structures with steel rein-
forced concrete arches which occur at
nuclear weapons storage sites and some
command centers. These might require
“intermediate” overpressures (less
than 15 atmospheres overpressure for
disablement and up to 20 for destruc-
tion). The remaining targets would re-
quire overpressures falling in the
“moderate” range (less than 3 atmos-
pheres for disablement and up to 4
atmospheres for destruction).

Because of the superior accuracy of
delivery vehicles such as the Pershing I1
and cruise missiles which have been
proposed by NATO for deployment in
Western Europe and the relative soft-
ness of their targets, the warheads
which would be deployed on these
vehicles have yields in the tens rather
than in the hundreds of kilotons range.
Many of the targets listed in the Table
are spread over considerable areas,
however, and therefore may continue
to require large yields for their destruc-
tion.

References and Notes

1. Targeting and target categories are discussed
in: Ball, Desmond, “Counterforce Targeting:
How New? How Viable?” Arms Control To-
day, February 1981; Geoffrey Kemp, Nuclear
Forces for Medium Powers: Part 1; Targets and
Weapons Systems (London: Institute for
Strategic Studies, Adelphi Paper #106, 1974);
US Congress, Senate Armed Services Commit-
tee Hearing, Department of Defense Authoriza-
tions for Appropriations for Fiscal Year 1980,
Part 3, p. 871; and US Congress, Senate Armed
Service Committee Hearing, Department of De-
fense Authorizations for Appropriations for Fis-
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2. NATO's strike plans are discussed in US Con-
gressional Budget Office, Planning US General
Purpose Forces: The Theater Nuclear Forces
(Washington, DC, US Government Printing
Office, January 1977).
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of the most powerful weapons carried by
NATO bombers and fighter bombers. In
short, it seems a reasonable mid-range
choice.

The Weapons Effects. A principal deter-
minant of the “collateral” effects of the
explosion of a nuclear warhead is whether
or not it is exploded close enough to the
ground to cause local fallout.

If a 200 kiloton warhead were exploded
at an altitude greater than about one half

kilometer, the nuclear fireball would not
touch the ground and therefore would cre-
ate relatively little local fallout. At or
above such an altitude it would still be
possible to maximize the areas covered by
overpressures up to about 15 atmospheres
(6). Missiles and aircraft could be de-
stroyed by much less overpressure than
this. Conceivably, therefore, preemptive
attacks in the Germanies might involve rel-
atively few bursts at low enough altitudes
to result in local fallout. However, if the

attacker wished, for example, to make an
airport unusable by cratering its runways
or by blanketing it with intense fallout—
both options are discussed in the military
literature (7)—then lower altitude or sur-
face bursts would be used. The predictabil-
ity and relative immunity to countermeas-
ures of contact fuses, could also introduce
a strong bias in favor of surface bursts (8).
In the 1980 NATO “Square Leg” exercise,
which involved a hypothetical nuclear
attack on strategic and other targets in the

BOX 2. NUCLEAR WEAPONS COMMITTED FOR USE IN EUROPE

Weapons Class and Type Number of Delivery Vehicles Number of Warheads Per Range Primary Uses
Deployed for Possible Use in  Delivery Vehicle x Esti- (km)
the Germanies (as of 1/82) mated Yield (in kt)
Ballistic Missiles
Submarine Launched )
Polaris A3 (NATO) 64 3x200 4600 Pre-targeted, Portion on Alert
Poseidon C4 (NATO) (400 warheads) (10-14)x(40-50) 4500 PreAtlargeted' Committed to NATO,
on Alert.
Intermediate Range .
$S-20 (Warsaw Pact) 190 3x150 5000 Pre-targeted, Possibly on Alert
$S-4/SS-5 (WP) 255 1x1000 1900/4100 Pre-targeted, Possibly on Alert
Short Range )
Pershing 1A (NATO) 1802 1x(60—-400)° 720 Pre-targeted and Battlefield Use,
Portion on Alert.
S$S-12 (WP) 65° 1xlow kt 900 Pre-targeted, Possibly on Alert
SCUD (WP) 460° 1xlow kt 150-450 Battlefield Use and Pre-targeted
Lance (NATO) 100* 1x(1-100)° 135 Battlefield Use.
FROG (WP) 120° 1x(1-10) 120 Battlefield Use.
Nuclear Capable Aircraft
Long Range Bombers (NATO) 213 (=2)x1-1100 1900-2800 Pre-targeted and Battlefield Use,
Portion on Alert.
Long Range Bombers (WP) 500 (1-4)xlow-high kt 1600-4025 Pre-targeted and Battlefield Use.
Medium Range Aircraft (NATO) 680 (1-2)x1-1100 720-950 Battlefield Use and Pre-targeted,
Portion on Alert.
Medium Range Aircraft (WP) 1000 1xlow-high kt 600-720 Battlefield Use and Pre-targeted
Other Weapons
Artillery (NATO) 700 (av. =3)x<1-10 14-29 Battlefield Use.
Atomic Demolition Munitions (NATO) 300 1x<1-15 - Battlefield Use and Pre-targeted

2 Does not include reloads
® Variable yield

kilotons for some bombs.

The listing in the Table above indicates that both NATO and
the Warsaw Pact have a great enough diversity of nuclear
weapons and delivery vehicles to assure themselves that they
will always have a “nuclear option™ available for virtually any
contingency (1). The warhead explosive yields range from as
little as 0.01 kilotons for some nuclear land mines to 1100

Almost all the missiles or aircraft listed in the Table could be

Sources: William M Arkin, “Nuclear Weapons in Europe: What are They, What are They For?”, in Disarming Europe (Mary Kaldor and Dan Smith, eds.,
London; Merlin, 1982); and IISS, The Military Balance, 1987-82 (London: International Institute for Strategic Studies, 1981). These and other sources
differ in detail but not in the order of magnitude of the totals.

References and Notes

Artillery and pre-positioned land mines could be used in
addition to ballistic missiles and aircraft for the delivery of
nuclear weapons on the battlefield. On the NATO side, neu-
tron warheads are being produced for delivery by both artillery
and the short-range Lance missiles.

1. Comprehensive discussions of the nuclear weapons in Europe appear in

used in the preemptive attack discussed in the main text.
Missiles have the greatest probability of reaching their targets
(there is no defense today against incoming missiles) but they
are generally less accurate than nuclear bombs and must be
pre-targeted. The best indication of which weapons would
actually be used in a preemptive attack is the weapons which
are kept constantly on alert. These are indicated in the Table.
NATO has approximately 580 warheads on constant alert in
Europe (2), but the number that the Warsaw Pact has on alert
is unknown.

. Our estimates of the NATO warheads on alert include 400 Poseidon sub-

Jeffrey Record, US Nuclear Weapons in Europe: Issues and Alternatives
(Washington, DC, The Brookings Institution, 1974); and Stockholm Interna-
tional Peace Research Institute, Tactical Nuclear Weapons: European Per-
spectives (London, Taylor & Francis, Ltd., 1978).

marine launched ballistic missile warheads, 48 Polaris submarine launched
ballistic missile warheads, 45 Pershing missiles, 48 bombs on long range
aircraft (F-111 and Vulcan bombers), and 40 bombs on medium range aircraft
(F-4, F-104, Jaguar and Buccaneer fighter aircraft).

AMBIO, 1982
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United Kingdom, it was assumed that most
“time urgent” military targets would be
attacked by both surface burst and air
burst weapons (9).

Surface Bursts: A 200 kiloton surface
burst would pulverize and vaporize vast
amounts of soil and rock. A considerable
amount of this material would mix with the
radioactive fission products from the ex-
plosion and be carried by the rising fireball
to a height of about 10 kilometers. In the
following hours, the larger particles in the
resulting cloud of radioactive dust would
filter back to the surface creating a swath
of radioactive “local” fallout—typically
stretching for hundreds of kilometers
downwind from the explosion. Figure 2
shows contours of radiation dose for such a
swath while Figure 1c shows the summed
effects of 200 kiloton groundbursts landing
on the targets shown in Figure 1a. Both
patterns were calculated assuming “‘typical
June day” wind conditions (10, 11). These
conditions are highly simplified in that the
wind speed (which is about 50 kilometers
per hour averaged from the earth’s surface
to the 10-kilometer cloud height) and wind
directions are assumed to remain constant,
rainfall is assumed to be absent, and the
effects on the wind of hills and mountains
are ignored. If these oversimplifications
were corrected, a much more complex fall-
out pattern would result. Also, of course,
the winds of one day are quite different
from those of another. Our calculated fall-
out patterns are therefore merely indica-
tive of the magnitudes of the areas which
would be covered by fallout at various
levels of intensity.

The contours in Figures 1¢ and 2 meas-
ure the peak level of radiation damage at
the time when the intensity of the fallout
radiation field has declined to the level
where the rate of biological repair exceeds
that of further biological damage. This
damage, the “equivalent residual dose”
(ERD), is measured by the equivalent
dose of radiation in units of “rads” of a
single short burst of gamma radiation
which would cause an equal amount of
biological damage. Deaths from radiation
illness would begin to occur at equivalent
doses of less than 200 rads and, in the
absence of access to hospital facilities, few
people would survive for much more than
two months after receiving equivalent
doses greater than about 600 rads (see Fi-
gure 3) (12, 13). Persons spending most of
their time indoors would have radiation
doses only about one third as large as those
shown in Figures 1c and 2. Persons able to
find and stay in below-ground basements
for periods on the order of one month
would accumulate radiation doses only
about one tenth as large.

Sheltering would be especially impor-
tant for dose reduction in the early period
immediately after fallout began to arrive.
Twenty kilometers downwind from the 200
kiloton nuclear explosion, more than one
half of the dose shown in Figure 2 would
accrue in the first eight hours of exposure.
Unfortunately, this is just the period dur-
ing which much of the population might be
caught on the roads trying to evacuate,
searching for missing children, or trying to
equip a basement for a lengthy stay.

For that part of the population away
from areas affected by blast and fire and

FALLOUT FROM A 200 KILOTON
WARHEAD ON A NUCLEAR
STORAGE SITE IN WEST GERMANY

(fission fraction =0.5;
typical June winds

Figure 2. The fallout pattern
for one of the 171 weapons
whose summed effects are
shown in Figure 1c.
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who had access to shelter in basements,
conditions would still be quite grim. This
sheltered population would be confined
mostly to cramped quarters, without
adequate ventilation or sanitary arrange-
ments, without adequate supplies of un-
contaminated water and food, and would
often have its resistance to disease reduced
by significant radiation doses.

With no access to medical help, it is
quite likely that the level of serious illness
and illness-caused deaths would increase
more rapidly with dose than indicated in
Figure 3 (14). Under these circumstances,
many members of the sheltered population
would have strong desires to leave the
shelters early and search for help. Unfor-
tunately, few would have adequate in-
formation to estimate the risks associated
with leaving their shelters or information
as to where help might be found—if at all.

Air Bursts: For a 200 kiloton weapon ex-
ploded at a high enough altitude to avoid
local fallout, the area of destruction would
be determined primarily by the effects of
the blast wave and by the flash of light and
heat from the fireball (15). In Figure 4 we
show the areas exposed at different levels
to the heat and blast wave from a 200
kiloton nuclear warhead exploded at an
altitude of 2 kilometers.

The inner circle on Figure 4 has an area
of approximately 80 square kilometers (30
square miles). Here, the experience in
Hiroshima indicates that the collapse of
buildings would crush and trap most of the
population and that most of those trapped
would die in the subsequent fires. For
those outdoors or indoors near windows,
the danger of being crushed and trapped
would be less—but there would be greater
danger of injury or death from shards of
glass and other projectiles and from burns
due to the flash of the fireball. Many fires
would be started by the heat of the fireball
and additional fires might be started by
sparks and pilot lights igniting leaking
gaseous and liquid fuels and other flamm-
able materials in the wreckage caused by
the blast. In Hiroshima many fires merged
about 20 minutes after the explosion into a
firestorm and completely burned an area
corresponding, for the yield of the Hiroshi-
ma bomb (12.5 kilotons) to that of the
inner circle in Figure 4 (16).

Over the area of the outer circle the
effects would be somewhat less intense
with the level of destruction declining as
the outer boundary was approached. Even
at a distance of 10 kilometers, however,
the fireball would cover an area of the sky
more than 100 times larger than the sun
and the associated flash would be corre-
spondingly brighter (17).

Figure 5 gives a more detailed repre-
sentation of the probability of being killed
or injured as a function of distance from
ground zero for populations in various
locations: outdoors near buildings, indoors
but above ground, in basements, and in
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Figure 3. The expected early (within two months) outcome from radiation
iliness for populations exposed to various levels of radiation from fallout.
Reference 6 (pp. 583-584) describes the development of severe radiation
iliness in the 200-1000 rad dose range as follows:

“The initial symtoms are . . . nausea, vomiting, diarrhea, loss of appetite
and malaise . . . After the first day or two the symptoms disappear and
there may be a latent period of several days to 2 weeks . . . Subsequently
there is a return of symptoms, including diarrhea and a steplike rise in
temperature which may be due to accompanying infection . . . Commen-
cing about 2 or 3 weeks after exposure, there is a tendency to bleed into
various organs, and small hemorrhages under the skin . . . are

observed . . . Particularly common are spontaneous bleeding in the mouth
and from the lining of the intestinal tract. There may be blood in the urine
due to bleeding in the kidney . . . [These effects are due to radiation in-
duced] defects in the blood-clotting mechanism . . . Loss of hair, which is a
prominent consequence of radiation exposure, also starts after about 2
weeks . . . Susceptibility to infection of wounds, burns, and other lesions,
can be a serious complicating factor [due to] loss of the white biood cells,
and a marked depression in the body’s immunological process. For exam-
ple ulceration about the lips may commence after the latent period and
spread from the mouth through the entire gastrointestinal tract in the ter-
minal stage of the sickness . ..”

BLAST AND THERMAL RADIATION
EFFECTS OF A 200 KILOTON AIRBURST
AT 2 KILOMETERS ALTITUDE

PEAK

WIND

Figure 4. Blast and thermal radiation intensities at 5 and 10 kilometers
from the point on the surface beneath a 200 kiloton explosion at 2 kilo-
meters altitude. Blast damage results from the combined effects of peak
overpressure (which at 0.25 atmospheres would exert a force equal to the
weight of 2.5 metric tons per square meter) and the drag of the wind
accompanying the blast shock wave. The thermal radiation would cause
burns on exposed areas of skin (ranging from first degree burns for a
deposited energy of about 3 calories per square centimeter to third degree
burns at about 9 cal/cm?) and would set fire to various materials (leaves at
about 5 cal/cm?, clothes and curtains at about 15 cal/cm?, etc.) (See Refer-
ence 6.) In an environment of broken gas lines and spilled fuels of various
types, a conflagration and possibly a firestorm would ensue.

reinforced basement shelters. The results
shown are based on a model developed by
Phillip Sonntag (18). Naturally, models of
this type involve considerable uncertain-
ties due to the small data base and the
variability in the numerous factors that de-
termine the severity of blast or fire effects.
This particular model assumes a surpri-
singly small reduction in risk associated
with being in basement shelters. The
reason given is that, close to the point
under the nuclear explosion (“ground
zero”), the overpressures would be great
enough to crush even reinforced basement
ceilings. Further out, where basement ceil-
ings could survive the overpressure, the
people underneath would still frequently
be trapped by the debris above and would
therefore be unable to escape the effects of
the subsequent fires.

The consequences. Sonntag assumes that
the population would have some warning
of an imminent nuclear attack and that
most would seek refuge in basements (75
percent in ordinary basements, and 5 per-
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Figure 5. The probabilities of death and injury (according to a model put forward in Reference 13) as a
function of distance from the point on the surface (‘‘ground zero’’) beneath a 200 kiloton warhead
exploded at 2 kilometers (1.2 miles) altitude. It will be seen that, within a radius of 5 kilometers, the
probability of death by blast or burns is high—even for a population sheltered in residential basements.
Outdoors the hazard from burns is associated primarily with direct exposure to the fireball. Indoors the
hazard is due primarily with being trapped inside a collapsed building which subsequently burns.
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cent in reinforced basements). He assumes
that, of the remaining 20 percent of the
population, half would be indoors above
ground and half outdoors. Clearly there is
no definite area such that people within it
would die and people outside would not.
As Figure 5 shows, the probability of death
decreases to zero over a large radius.
However, one may select a radius so that
the number of people dying outside that
area equals the number who survive inside
the area. That radius determines the
equivalent ‘“‘area of death” in the present
context. With the population sheltered as
assumed by Sonntag, a single 200 kiloton
airburst would kill the equivalent of the
population of 180 square kilometers (70
square miles). This corresponds to the area
of a circle 15 kilometers (9 miles) in dia-
meter which would fall half way between
the inner and outer circles in Figure 4. The
circles in Figure la show this equivalent
‘‘area of death” around each of the targets
of the hypothetical preemptive attacks.
Together they cover almost ten percent of
the area of the two Germanies. These
could, therefore, hardly be called “‘surgi-
cal” strikes.

Figure 1b shows the population distribu-
tion of the Germanies (19). Their com-
bined population is about 76 million (59
million in West Germany and 17 million in
East Germany). Their population density
averages about 200 persons per square
kilometer overall and about 3000 persons
per square kilometer in large urban areas.
A 200-kiloton airburst would therefore kill
about 40 000 people in an area of average
population density and about 500000 in an
average urban area. For comparison, the
12.5 kiloton airburst over Hiroshima killed
about 70000 persons and seriously injured
approximately the same number (20).

The area of death from blast and heat
associated with a ground burst would be
somewhat less than for an airburst but
there would be additional casualties down-
wind due to the associated fallout. As noted
above, Figure 1c shows our calculated dis-
tribution of fallout radiation doses in the
Germanies associated with surface bursts
on each of the targets shown in Figure
la—given the winds of “a typical June
day.”

In order to estimate the casualties which
would result in the affected areas shown
in Figures 1a and 1c, it is necessary to take
into account the population densities in
each target and fallout area. At the time of
this writing, we have not completed this
task. The results of calculations done by
Sonntag (13) for West Germany will serve,
however, to indicate ranges within which
our results will likely fall.

Sonntag’s results, shown in Figure 6,
were derived as follows: The area of West
Germany was divided into squares 10 kilo-
meters on a side. High and low estimates
of the number of casualties which would
result from the explosion of a given num-
ber (N) of airbursts were then calculated
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by assuming respectively that they were
exploded over the (N) least densely and
(N) most densely populated squares of
West Germany.

For the 86 two hundred kiloton airbursts
over West Germany assumed in our
minimal preemptive attack, the dashed
curves in Figure 6 show between 0.5 and
about 10 million fatalities. Since the aver-
age population density of East Germany is
comparable to that of West Germany (160
vs. 240 per square kilometer), it is reason-
able to assume a similar range of fatalities
for the same sized preemptive attack on
that nation. The total number of fatalities
in the Germanies following a preemptive
attack using 200 kiloton airbursts would
therefore lie somewhere in the range 1-20
million. A comparison of Figures 1a and 1b
shows that many of the targets are in
densely populated areas. As a result, the
number of fatalities for a preemptive
attack on these targets would be many
times greater than Sonntag’s lower limit,
ie, many millions. In addition, similar
numbers of individuals would be severely
injured (21).

Sonntag also calculated ranges for the
numbers of the deaths and injuries which
would result from varying numbers of
groundbursts in West Germany, using the
same approach outlined above for air-
bursts. The upper two curves on Figure 6
show that in this case it was estimated that
2-20 million people or up to 30 percent of
the population would die from the con-
sequences of 86 two hundred kiloton
groundbursts on West Germany—even
assuming that 80 percent of the population
was able to stay for weeks in basement
fallout shelters. The total population of
East Germany is only 17 million so that
one would expect somewhat lower casual-
ties from the same number of groundbursts
in that country. The fallout fatalities in
adjoining nations—Poland in particular—
would, however, probably considerably
raise the total.

Thus we have found that a preemptive
nuclear attack using 200 kiloton weapons
against the targets shown in Figure 1a
would probably result in between 1 and 40
million fatalities in the Germanies and sur-
rounding areas and a similar number of

Figure 6. Maximum and minimum estimates from Reference 13 of the fatal-
ities which would result from attacks on West Germany with 200 kiloton
bombs as a function of the number of weapons. Both airburst (at an alti-
tude of 0.7 km.) and surface burst were considered. For the fallout from the
surface bursts, it was assumed that all the energy yield is due to fission
and that winds of 20 kilometers per hour are blowing. The maximum (mini-
mum) estimates of fatalities are obtained by assuming that the weapons
are exploded in the N most (least) densely populated areas of the country.
A spacing between explosions of at least 10 kilometers was assumed.
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severely injured persons. It appears likely
that more exact estimates will yield num-
bers in the middle of this range, ie, on the
order of 10 million killed and a similar
number seriously injured.

BATTLEFIELD USE OF NUCLEAR
WEAPONS

The Targets. A preemptive nuclear attack
against key nuclear and other military
targets is one way in which a nuclear war

might start in central Europe. Another
possibility is that war would cross the nu-
clear threshold via the use of ‘“battlefield”
nuclear weapons—because one side in a
confrontation limited to non-nuclear
weapons was about to suffer a serious de-
feat or because the attacking side was not
able to achieve its objective without the
use of nuclear weapons. Both NATO and
the Warsaw Pact have integrated into their
armed forces thousands of nuclear war-
heads deliverable by artillery, aircraft, or

short-range missiles. These weapons would
be used against the ground forces of the
opposing side, including nuclear capable
units, tank concentrations, artillery batter-
ies, field level military headquarters, and
structures such as bridges (22).

The use of battlefield nuclear weapons
would probably be authorized by the poli-
tical authorities, initially at least, in “pack-
ages.” According to NATO doctrines, all
the warheads within a given package are
intended to explode approximately simul-

BOX 3. THE EFFECTS OF NEUTRON BOMBS

The attributes of nuclear weapons make them uniquely effec-
tive for destroying large area targets such as cities and indus-
trial complexes. On the battlefield, however, the indiscriminate
nature of these weapons has continually put their usability into
question. This has led to an effort to design nuclear weapons
which minimize ‘“‘collateral damage” for a given level of mili-
tary effectiveness. The most recent products of this effort are
enhanced radiation warheads (‘‘neutron bombs’’). In the dia-
gram we compare areas of radiation and blast effects of one of
these weapons with those of an ordinary fission bomb which
releases the same amount of energy (one thousand tons TNT
equivalent) (1).

The larger lightly shaded circle indicates the area within
which people not protected by thick shields of concrete or dirt
could receive large enough doses of neutron and gamma radia-
tion from the blast to result in death by radiation illness in the
short term and cancer deaths in the longer term (2).

The smaller darker shaded circle indicates the area of the
desired military effect: a radiation dose sufficient to render the
occupants of tanks at most ““partially effective” due to vomit-
ing, diarrhea, and other radiation sickness symptoms during
the hours to days before they died (3).

FISSION WARHEAD NEUTRON WARHEAD

150 METER ALTITUDE BURST 450 METERALTITUDEBURST

o 05 | 2mi

DELAYED RADIATION ILLNESS RAPID ONSET OF RADIATION
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Finally, the crosshatched area indicates the area subjected
to blast sufficient to cause some fatalities among the above
ground occupants of residential structures (greater than 0.14
atmospheres peak overpressure) (4).

It will be seen that the larger amount of radiation emitted by
the neutron bomb increases the area of its military effect
almost fourfold—to about 2 square kilometers (0.8 square
miles). The larger radius of this military effect also makes it
possible to explode the neutron warhead at a greater altitude,
reducing the area of its blast damage somewhat. More impor-
tant to any civilians in the environs, however, is likely to be the
fact that the area covered by doses leading to longer term
radiation illness and death is more than doubled—to 6 square
kilometers (2.5 square miles) (5).

The expected density of tanks in an attack in the Germanies
is a column or row in which the spacing would be 100 meters or
greater (6). The average population density of the Germanies
is about 200 per square kilometer. And the area of lingering
civilian deaths following the explosion of a neutron bomb
would be about three times that of prompt effects on tank
crews. Given these facts and the likelihood that a large fraction
of battlefield nuclear weapons would probably be mistargeted
under the conditions which would prevail on a nuclear battle-
field, a crude calculation suggests that there might be on the
order of two hundred civilian deaths for every tank crew that is
rendered “‘partially effective”” by a neutron bomb, or a million
civilian deaths per five thousand tank crews so affected.

References and Notes

1. This figure is based on a table of numbers given by S T Cohen in **Enhanced
Radiation Warheads: Setting the Record Straight,” Strategic Review, Winter
1978, p. 9, and on a figure in Samuel Glasstone and Phillip Dolan (eds), The
Effects of Nuclear Weapons, 3rd Edition (US Departments of Defense and
Energy, 1977), p. 115.

2. According to Glasstone and Dolan (Ibid, p. 583), “For doses between 200
and 1000 rems [rems equal rads for the present purpose] the probability of
survival is good at the lower end of the range and poor at the upper end.”
Assuming a relative biological effectiveness for cancer induction of 10 for
neutrons relative to X-rays, the likelihood of cancer death due to a 200 rad
dose of neutron radiation would be 20 percent or greater. [US National
Academy of Sciences, The Effects on Populations of Exposure to Low Levels
of Ionizing Radiation (1980), pp. 141, 147].

3. US Army Field Manual, Operations, Chapter 10 “Tactical Nuclear Opera-

tions,” p. 10-3 (FM 100-5, 1976).

. Glasstone and Dolan (op cit 1 p. 180).

. The military, however, compares the 1 kt neutron bomb to a 5-10 kt fission
warhead which would have a comparable military effect. In this context the
neutron bomb would exact a somewhat lower human toll.

6. See S T Cohen and W R Van Cleave, ‘Western European Collateral Damage

from Tactical Nuclear Weapons,” (Royal United Services Institute (RUSI)
Journal, June 1976, p. 323).
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taneously—both to maximize the shock
effect and to create a “‘pause” for negotia-
tions or force movements (23). A single
nuclear warhead would, however, typically
kill the crews of only a few tanks (see Box
3). It would, therefore, require hundreds
of battlefield nuclear explosions to destroy
a significant fraction of the 20 000 tanks
which might be involved in a full scale
battle between NATO and the Warsaw
Pact in the Germanies (24).

Since a tank could drive across either
East or West Germany in a single day, the
use of tactical nuclear weapons could occur
almost anywhere in the Germanies. In
order to be specific, however, we show on
Figure la, areas where these weapons
might be used if the nuclear threshold were
crossed while the battle was still raging at
the border between the two nations. The
rectangles spanning the border correspond
to the areas where three Soviet armies in
East Germany might confront NATO
troops in West Germany (25). The size of
these rectangles was chosen on the basis of
the stylized descriptions of US and Soviet
formations in US defense literature (26).
Although the combined area of these three
rectangles is 45000 square kilometers, or
one-eighth the combined areas of the two
Germanies, they would contain only about
one-half of the military forces deployed in
those countries. The 60 kilometer widths
of the rectangles are such that they almost
cover the entire north-south section of
boundary dividing the two Germanies.
The depth of the nuclear battlefield on
each side of the border, 125 kilometers,
corresponds to the expected depth of de-
ployment of the military units on which
battlefield nuclear weapons would be deliv-
ered: by artillery at short range, and by
missiles and aircraft at longer range (26).
Mobile artillery and missiles, due to their
short range, would be concentrated near
the “battlefields.” (Figure la does not
show the locations of nuclear capable artil-
lery batteries).

The Attacking Weapons. The types of nu-
clear weapons which are designed only for
battlefield use—low yield bombs, nuclear
artillery shells, nuclear land mines, and
short-range missiles—generally have ex-
plosive yield in the range of 0.1 to 100
kilotons of TNT equivalent. For simplicity,
in the discussion below we will describe the
consequences of their use in terms of the
consequences of the use of a similar num-
ber of “enhanced radiation” or neutron
warheads of one kiloton yield (see Box 3).

The Weapons Effects. The area of de-
struction by blast for a one kiloton weapon
exploded at the surface is 1-2 square kilo-
meters. For nuclear weapons in this range
of explosive yield, however, the area bath-
ed by intense ‘“direct” or ‘“‘prompt” nu-
clear radiation (ie from the explosion itself,
in distinction to the ‘“‘indirect” or “de-
layed” radiation associated with fallout)
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exceeds the area affected by severe blast
effects. In the case cf a one kiloton en-
hanced radiation weapon, the effective
“area of death” by radiation illness for
exposed soldiers and civilians would be
approximately 5 square kilometers (2
square miles).

The Consequences

In a war involving the use of battlefield
nuclear weapons there would probably be
both attempts to spare towns and a per-
ceived necessity to attack some. Towns
could be largely spared if the enemy were
to be found in the countryside outside.
However, much of the time that would not
be the case. On average there is one popu-
lated place in the Germanies per 4 square
kilometers, hence, the well known com-
plaint of nuclear weapons officers in
Europe: “The towns and villages in Ger-
many are only 1-2 kilotons apart” (27).
Roads naturally pass through towns, so
presumably would the tanks and convoys
which would be the principal targets of
battlefield nuclear weapons. In addition
there is considerable discussion in the
military literature of the possibility of both
attackers and defenders using towns as
protective cover (28). It would be difficult
under these circumstances to use a large
number of battlefield nuclear weapons
without causing a great number of civilian
deaths.

A reasonable estimate is that the net
effect of all these countervailing pressures
bearing on the targeting of battlefield nu-
clear weapons would be that the resulting
casualties would accumulate as if the nu-
clear weapons were exploded over areas
with an average population density of 200
persons per square kilometer. After multi-
plying by the 5 square kilometer “‘area of
death” for a neutron bomb, this leads to
the estimate that, in addition to the occu-
pants of perhaps 0-15 armored vehicles,
an average of about one thousand civilians
would die from radiation illness as a result
of each nuclear explosion. If one thousand
nuclear weapons were used, the number of
deaths could be on the order of one mil-
lion. These people would suffer the var-
ious stages of radiation sickness for up to
two months before they eventually died.

LONGER TERM EFFECTS

The use of one thousand small battlefield
nuclear weapons in the Germanies could
lead to the deaths of a million and the use
of 170 larger nuclear weapons against fixed
military targets would result in the deaths
of perhaps ten million. Similar numbers of
people would be seriously injured. What
about the people who survived? What type
of future could they look forward to?
After a nuclear war involving the explo-
sion of hundreds to thousands of nuclear
weapons in the Germanies, in Europe or
worldwide, the survivors would not be as
“lucky” as the survivors of Hiroshima and

Nagasaki. The Hiroshima and Nagasaki
bombs were exploded at great enough alti-
tudes so that there was little residual
radioactive fallout and the cities were sur-
rounded by a damaged but still functioning
society which could supply them with
medical treatment, food, and shelter.
Perhaps most importantly, there was no
fear of further bombings.

There is no experience of a modern soci-
ety whose technical and social infrastruc-
ture has both broken down to the degree
which would prevail in the Germanies fol-
lowing the preemptive attack which we
have described and where there would be
so little hope of outside help. And, with
the recent emphasis on developing the
capability of fighting a nuclear war lasting
months or longer, it is not clear when the
postwar struggle to survive could begin.

Most likely, the future would appear as
described in the accompanying articles in
which the consequences of a global nuclear
war are dicussed. It is difficult to imagine
that such a holocaust as we have described
in the Germanies could be prevented from
turning into a global nuclear conflagration.

CONCLUSION

Nuclear weapons are so terrible that their
existence has a sobering (“‘deterrent”)
effect on leaders who might otherwise pur-
sue military options. With nuclear
weapons leaders can no longer dream that
battles can be fought far from home. They
must face the facts that no one is out of
range and that the physical and human
fabric of the social organizations which
support them could easily be destroyed in
a nuclear war. In this way, as Herbert
York has stated, the “‘placing at risk of the
entire future of the continent and its peo-
ple’” has bought ‘‘the current happy politi-
cal stability in Europe” (29).
Unfortunately, while the catastrophic
consequences of a deliberate attempt to
destroy Eastern or Western Europe with
nuclear weapons are generally understood,
both sides are prepared to use nuclear
weapons against ‘‘purely military” targets,
if it is necessary to avoid defeat in a major
conflict. Europe, however, is densely
populated; the intermixing of military and
civilians is intimate; and the areas of death
which would be caused by the use of even
“small” battlefield nuclear weapons are
very large. In this article it has been shown
that, as a result, even the purely military
use of nuclear weapons in Europe on any
scale large enough to achieve militarily sig-
nificant results would result in the uninten-
tional deaths of many millions of civilians.
Political and military leaders must be
made to understand, therefore, that, to the
extent that they develop security policies
which depend upon the use of nuclear
weapons in Europe, they are committing
themselves to a policy which involves the
mass slaughter of civilians no matter how

purely military the nominal targets of
attack!
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