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Preface

One main purpose of SIPRI’s sixteenth Yearbook is to provide material
which will aid understanding of the renewed disarmament negotiations
between the United States and the Soviet Union at Geneva. This is the
main theme of the Introduction, and a number of the chapters give
further background. Changes in public opinion on these questions are
part of that background; they are discussed in an appendix to the
Introduction.

Part I provides an analysis of present and expected future nuclear
weapon developments, so far as they are known; the usual figures are
given on nuclear weapon tests. There is a special study of third-
generation nuclear weapons which, inter alia, questions the feasibility
of the X-ray laser. The final chapter surveys recent Soviet literature on
the global consequences of nuclear war—that is, on nuclear winter.

Part II gives, first, a report on recent developments in the technol-
ogies which may be used in the continued militarization of outer space.
Second, it reviews the events in the field of chemical and biological
warfare, with an appendix on Iraq’s use of chemical weapons against
Iran.

Part III surveys trends in world military expenditure and in the trade
in major weapons. Statistics of world expenditure on military research
and development are now included as a regular item in this data base.
There are a number of additional studies in this section-—on militariza-
tion in Africa; on arms production in Third World countries; and on
the extent to which military spending has contributed to the rise in debt
in the non-oil developing countries.

Part IV, the arms control section, in its discussion of events at the
Committee on Disarmament at Geneva, concentrates on the one area
where serious negotiations are in progress—the banning of possession
of chemical weapons. There is a special study of the first year of the
Stockholm Conference. A separate study examines the peacekeeping
experience in Sinai in 1975—82 and considers whether the verification
techniques used there might be applicable to Europe.

Part V is a conflict study on Afghanistan.

Part VI provides reference material on the treatment, in the various
countries in the world, of conscientious objection to military service.
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There is the regular disarmament and arms control chronology at the
back of the book.

SIPRI is grateful to the large number of outside contributors who
wrote for this Yearbook. It is also heavily indebted to Connie Wall and
Billie Bielckus who, once again this year, have had the editorial respon-
sibility for the Yearbook.

SIPRI Frank Blackaby
March 1985 Director
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GINSBURG, A. S., GOLITSYN, G. S. &
VASILIEV, A. A,, ‘Global consequences of a
nuclear war: a review of recent Soviet studies’,
in SIPRI Yearbook 1985, pp. 107-130.

The meteorological, climatological and
ecological effects of nuclear explosions have
been studied for years by Soviet and other
scientists. Since 1983 studies have focused
on the ‘nuclear winter’, or the global con-
sequences of a nuclear war: the spread and fall-
out of radioactive products, the impact on the
stratospheric ozone layer, the ecological
consequences of radioactive fall-out and
destruction of ozone, and the possibility of a
global ecological catastrophe. In the literature,
‘nuclear night’—the dimming of the sunlight
near the surface of the Earth as the result of the
saturation of the atmosphere by smoke, dust
and soot particles from mass fires after a
nuclear explosion—is described as followed by
‘nuclear winter’—a strong drop in the
temperature of the Earth’s surface. It has
become clear that ideas of using nuclear
weapons even in regional crisis situations
represent a threat to all mankind. By revealing
the climatic consequences, scientists have
shown the inconsistency of the concept that it
is possible to ‘wait out’ a nuclear war far from
its core. A nuclear war would spare no one.

JASANI, B. & PERRY, G. E., ‘The military
use of outer space’, in SIPRI Yearbook 1985,
pp. 133-158.

Two advances in military use of outer space
technology were made in 1984: US tests of the
F-15 aircraft, the missile part of the ASAT
weapon and the ASAT warhead; and US tests
of a BMD interceptor using a guidance
technique similar to that tested to intercept a
Minuteman 1 missile warhead above the
atmosphere. The tests involved non-nuclear
kinetic-energy weapons. They were made in
spite of concern about the arms race in space
weaponry. The debate focused on defensive
weapons, particularly the suitability or
unsuitability of chemical and X-ray lasers as
BMD systems. Insufficient attention was paid
to, e.g., microwave lasers and hypervelocity
projectiles as ASAT weapons. Passive military
satellite technology also made progress. The
USSR appears to have developed photographic
reconnaissance satellites which remain in orbit
for much longer than 14 days. There was
considerable debate on the possible use by the
USA of an electronic reconnaissance satellite
when a Korean Airlines aircraft was shot down
in 1983. The arms control implications of the
development of ASAT and BMD systems are
discussed.

xxii

PERRY ROBINSON, J. P., ‘Chemical and
biological warfare: developments in 1984’, in
SIPRI Yearbook 1985, pp. 159-219.

The first year of full-scale negotiation on
chemical disarmament yielded solid progress
but the key issues remained unresolved. The
US Congress again declined to fund resumed
US production of chemical weapons, but
within NATO pressure for rearmament
increased. The USSR maintained its silence
over its own chemical armament which,
according to Western sources, continued to
expand. Eight countries stood accused of
violating the international regime of CBW
arms control. Only in the case of Iraq, in its use
of poison gas against Iran, was there conclusive
verification. At least 11 countries, in addition
to the known possessor states (France, Iraq,
the USA and the USSR), were reported to have
armed themselves with chemical weapons.

BRZOSKA, M., HAGMEYER-GAVERUS,
G., LOOSE-WEINTRAUB, E., SKONS, E. &
TULLBERG, R., ‘World military expenditure
and arms production’, in SIPRI Yearbook
1985, pp. 223-286.

The real growth of world military spending
in the period 1980—84 was 3.6% annually,
compared to 2.4% for the years 1976—80. This
acceleration is largely explained by the
rearmament programme of the United States,
which has increased by 8.6% each year since
1980. The Soviet Union is believed to be using
more of its resources for arms purchases than
in previous years. Growth has slowed elsewhere
in the world, reflecting the problems created
by the world recession. Despite this, many
countries are devoting as large or even a greater
share of their national resources to military
purposes now than in 1980.



ACLAND-HOOD, M., ‘Military research and
development expenditure’, in SIPRI Yearbook
1985, pp. 287-293.

The rise in the volume of world military R&D
expenditure accelerated in 1984 to more than
double the rate of growth of military
expenditure as a whole. World R&D
expenditure was roughly $70-80 billion,
having been well over $60 billion in 1983. This
can be expected to create pressures to increase
military expenditure far into the future. The
bigger spenders on military R&D use bigger
shares of their total R&D, military expenditure
and GDP on it.

LUCKHAM, R., ‘Militarization in Africa’, in
SIPRI Yearbook 1985, pp. 295-328.

During the 1970s African arms imports rose
faster than in any other region of the world;
military expenditure doubled; and the disparity
in military capability between African
countries increased alarmingly. By 1984 half of
Africa’s 52 countries were ruled by military-
dominated governments. Armed conflicts
between African states have become more
frequent and, moreover,  increasingly
intertwined with intervention by foreign
powers. Although there have been significant
regional differences, no part of the African
continent has escaped the impact of
militarization.

Abstracts

WULF, H., ‘Arms production in the Third
World’, in SIPRI Yearbook 1985, pp. 329--343.

The main rationale for indigenous arms
production is to reduce dependence on outside
suppliers. Economic arguments, such as cost
reductions, are also powerful. Partly due to
increasing recipient leverage, suppliers agree to
export production technology to maintain
influence and expand their markets. About 20
Third World countries can produce major
weapons on a large scale. Israel, India, Brazil
and Argentina have diversified and sizeable
arms production capacities. Production of
most weapon categories occurs in South
Africa, Taiwan, North and South Korea and
Egypt. Factors that impede self-sufficiency in
arms production are a weak industrial base,
various industrial bottlenecks and continued
dependence on technology inflow. Production
of less sophisticated arms in Third World
countries has increased, but the technological
lead of the major industrialized countries keeps
them dependent. Basic asymmetries remain.

BRZOSKA, M. & OHLSON, T., ‘The trade in
major conventional weapons’, in SIPRI
Yearbook 1985, pp. 345—443.

The trend in the volume of arms transfers is
one of decline. Economic problems, market
saturation, problems absorbing weapons
already acquired and increased domestic arms
production are the main explanations. The
USA was the leading arms exporter in the
period 1980—84, accounting for nearly 40% of
total exports. The share of the USSR was
32%. The two superpowers together have a
decreasing share of global arms exports. The
share of Western industrialized countries is
rising. France is the third largest exporter.
There is a steep rise in exports from Britain, FR
Germany and Spain; and from China, as a result
of major policy changes. The arms market is
structurally changing: the trend towards a
buyer’s market is propelled by fierce
competition among suppliers and reductions in
the demand for weapons. It is difficult for
suppliers to avoid industrial offsets, special
financing arrangements and technology
transfers in connection with arms deals. The
prospects for transfer control are bleak owing
to lack of political will and strong economic
pressures to increase exports in supplier
countries.
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TULLBERG, R., ‘Military-related debt in
non-oil developing countries’, in SIPRI Year-
book 1985, pp. 445—458.

Of the public foreign debt acquired each year
from 1972 to 1982 by non-oil developing
countries, about 20% is estimated to have been
directly or indirectly attributable to the
purchase of foreign weapons. Domestic
military spending, by contributing to overall
budget deficits, has also led to increased
foreign borrowing by developing countries.
Budget deficits in developed countries have
interest rates which increase the debt problems
of developing countries. The cases of
Argentina, Peru and Thailand illustrate some
of these problems.

GOLDBLAT, J., ‘Multilateral arms control
efforts’, in SIPRI Yearbook 1985, pp.
461-497.

The negotiations for a convention prohibiting
chemical weapons made some progress with
regard to the requirement of on-site inspection:
the USSR expressed readiness “in principle” to
consider a permanent presence of international
inspectors at facilities for destruction of stocks.
Inspection methods for other aspects of the
prohibition are to be developed. The USA
proposed that parties must consent at 24 hours’
notice to a “special inspection”, permitting
unimpeded access, of any location or facility
owned or controlled by the government of a
party, including military facilities. Implications
for the 1925 Geneva Protocol of including in a
new CW convention a ban on the use of
chemical weapons are considered. The lack of
adequate reaction to the established violation
of the Protocol in the Iran—Iraq war is pointed
out. A new, gradual approach to the cessation
of nuclear tests was proposed by Japan. A
conference convened to review the 1977 Enmod
Convention failed to remove the deficiencies
which are responsible for its widespread
unattractiveness.

BIRNBAUM, K., ‘The first year of the
Stockholm Conference’, in SIPRI Yearbook
1985, pp. 527-539.

The Stockholm Conference on Confidence-
and Security-Building Measures and Disarma-
ment in Europe was the only forum in 1984
where East and West met for negotiations on
arms control-related issues. While tense
relations between the superpowers prevented
major progress at the conference, the
presentation of five formal proposals laid the
necessary foundation for  substantive
negotiations. They were initiated only towards
the end of the year, when relations had begun
to improve and agreement had been reached on
the organizational arrangements, but this
agreement in no way implied a breakthrough
for substantive issues. The Soviet demand for
political measures such as an agreement on
no-first-use and no-use of force, the Western
insistence on tangible steps promoting greater
openness in military dispositions, and the
interest of neutral and non-aligned states in
physical constraints on military activities
reflected the different priorities of the main
negotiating parties.

BARTON, D., ‘The Sinai peacekeeping
experience: a verification paradigm for
Europe’, in SIPRI Yearbook 1985, pp.

541-573.

The Sinai peacekeeping experience of 1975-82
culminated in an Egyptian—Israeli peace treaty
which guaranteed the common border, with a
narrow buffer zone patrolled by a multi-
national peacekeeping force. In the early-
warning phase, a US electronic system was
established to monitor approaches to the Giddi
and Mitla Passes in a larger demilitarized
buffer zone monitored by the UN Emergency
Force. Egypt and Israel also maintained
strategic suveillance stations. The system of
divided responsibilities and co-operative
operation performed well. In the inspection/
verification phase, the USA served as the
trusted third party and ultimate inspection
authority. Many features of the Sinai
experience could recommend it as a paradigm
for Europe: e.g., a demonstration early-
warning and verification zone could be
implemented along the border between the two
Germanies in one of the attack corridors such
as the Fulda Gap. If successful, the zone might
be enlarged to cover other corridors and
eventually a larger border/buffer area in
central Europe. Even though there are
important differences such as terrain, political
conditions and military circumstances, there
may be enough strong, adaptable features to
recommend it for serious consideration as a
model for Europe.



VICTOR, J-C., ‘The conflict in Afghanistan’,
in SIPRI Yearbook 1985, pp. 577—614.

Study of the conflict in Afghanistan is made
difficult by the lack of both data and sources.
Neither the Soviet Red Army nor the armed
Afghan resistance provides precise informa-
tion. Observers from France and eyewitness
accounts provide some basis for analysis of the
conflict. The chapter evaluates the strategy and
tactics of both parties in the conflict, against
the historical background of rivalry over
Afghanistan in the 19th century. Changes in
Soviet military tactics during the past five years
are analysed, and an explanation of the socio-
cultural causes of the divisions among the
guerrilla fighter groups is followed by a
description of the assault tactics of the
resistance. About 3 million Afghan refugees
are now living in Pakistan, under precarious
conditions. Despite several attempts to find a
diplomatic resolution of the conflict, none
seems in sight.

Abstracts

WHITTLE, P., ‘Conscientious objection to
military service’, in SIPRI Yearbook 1985, pp.
617—644.

Resistance to compulsory military service is a
well-established form of protest against this
demand of the state. There is a tendency
towards increased awareness, even at the inter-
national level, of the need to recognize and
legislate for human rights, including in
particular the right to refuse to kill. The
concepts of conscientious objection and the
relevant international standards relating to
those concepts are thoroughly examined in a
report for the UN Commission on Human
Rights which is summarized here: tables
illustrate the widely diverse situations in which
conscientious objectors find themselves. About
half the countries in the world have some form
of conscription; measured by population, the
proportion is rather larger. Of those countries,
just over half have some formal provision for
conscientious objection, and some 38 countries
without formal provisions may have arrange-
ments for possible assignment to non-combat-
ant duties. Statistics, however, are inadequate
for any general assessment of the trend.
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Introduction

FRANK BLACKABY

Superscript numbers refer to the list of notes and references at the end of the chapter.

I. US—Soviet negotiations

Arms control negotiations on space and nuclear weapons are now the
central issue between the United States and the Soviet Union. In the
discussions between the two powers, no other issue comes near this
in importance. It is sometimes argued that the success of the negotia-
tions will require an improvement in the relations between the two
states. Perhaps the more important connection is now the other way:
it is difficult to see how there can be much improvement in those
relations unless there is at least some tentative progress at Geneva. As
Foreign Minister Gromyko said on leaving Geneva in January 1985:
“The situation in the world as a whole largely depends on the state of
US—Soviet relations”.

Arms control negotiations, then, are at the centre of the world stage.
At the same time, they have become much more difficult—so that some
commentators in the USA are saying that the arms control period is
over. They are more difficult because many new types of nuclear
weapon and delivery system are being rapidly deployed: some, like sea-
launched cruise missiles, pose formidable verification problems. They
are also more difficult because of the depth of suspicion between the
tWO SUperpowers.

The ‘agreement to negotiate’ reached at Geneva in January 1985
already seems to be interpreted differently by the two sides. Under the
general umbrella, there are three sets of negotiations—on space
weapons, on intercontinental nuclear weapons, and on intermediate-
range nuclear weapons. The United States appears to take the line that
it should be possible to make progress and indeed negotiate a treaty in
one of these areas, even if there is no progress elsewhere. The Soviet
position is different: as Foreign Minister Gromyko has said, “If there
were no advancement on the issues of outer space, it would be
superfluous to discuss the possibility of reducing strategic
armaments”.’

The Soviet position, therefore, is that if there is to be an agreement
there must be some constraint on the development of space weapons.
The United States Administration seems determined to press ahead
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with its $26 billion Strategic Defence Initiative programme for defence
against ballistic missiles. It will not be easy to reconcile these two posi-
tions. If, at some point, the Geneva negotiations fail, then one possible
future is a future with no nuclear arms control at all. By the turn of
the decade, the Strategic Defence Initiative programme (as at present
planned) will almost certainly be in contravention of the Anti-Ballistic
Missile Treaty, which does not ban just deployment, but also develop-
ment and testing of anti-ballistic missile systems. If this Treaty goes,
then it is most unlikely that the two superpowers will agree to continue
to observe the provisions of the SALT I and SALT II treaties, both of
which will have long since expired. Totally unconstrained competition
in nuclear weapons between the United States and the Soviet Union
would probably mean more of everything—more warheads on inter-
continental ballistic missiles, more sea-launched cruise missiles, more
anti-satellite weapons and more anti-ballistic missile systems. In such a
world, it would be hard to believe that the present non-proliferation
regime could survive. It would not be right, at this stage, to say that
this prospect of unconstrained world competition in nuclear weapon
developments is the most probable future: but it is certainly a possible
one.

This section—on US-Soviet negotiations on nuclear and space
weapons—first sets out some of the general background to these
negotiations. It discusses movements of world public opinion on
nuclear weapon issues, since it is partly because of the pressure of
public opinion that the negotiations are taking place at all. It also
discusses other general background material—on the allegations each
side has made that the other side is in breach of treaty obligations or
understandings, for these allegations certainly affect the tenor of the
negotiations. Then material is presented which is relevant to each of the
three parts of the negotiations—on intercontinental nuclear weapons,
on intermediate-range nuclear weapons, and on space weapons.

Public opinion

It is, at least partly, the force of public opinion which explains why
arms control issues are now so central: so it is important to trace
changes in public attitudes.

During 1984, fairly extensive publicity was given to the results of
studies of ‘nuclear winter’. (It should be remembered that this is just
one more effect of the use of nuclear weapons, over and above the
blast, heat and radioactive fall-out.) In general, the recent work done
in this area has tended to corroborate earlier findings: if a significant
proportion of the world stock of nuclear weapons was in fact
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detonated, the resultant smoke and debris from the fires that would be
started could lead to sharp drops in temperature over wide areas of the
world for a period of up to several months, with calamitous conse-
quences. This obviously leads to questions in people’s minds about the
size of the world stockpile of some 50000 nuclear weapons.

There is little doubt that, as a result of these and other studies and
campaigns, public attitudes towards nuclear weapons have changed.
The change is best documented in the United States. In the early 1950s,
the majority view was that the invention of atomic weapons was
beneficial, and that nuclear weapons could be used in war. Now there
appears to be something of a consensus that nuclear war would be
suicidal. Further, according to opinion polls, there is also a consensus
in the United States on two other important points: that both the
United States and the Soviet Union have huge nuclear ‘overkill’
capacities; and that a nuclear arms race cannot be won, since any
development on the US side is eventually matched on the Soviet side.

The idea that nuclear weapons are in some way illegitimate has struck
deep roots in many places. The New Zealand government’s recent
decision is an example of this. Under pressure from public opinion, it
has decided that it will not accept nuclear weapons on its territory. This
has precluded port calls from US naval vessels, since the United
States follows the general practice of nuclear weapon powers in refus-
ing to say whether a particular vessel does or does not carry nuclear
weapons. The US reaction suggests that it is concerned that the ‘nuclear
weapon allergy’ might spread to other countries. There is some risk that
New Zealand’s economy might suffer. New Zealand’s exports to the
United States consist largely of agricultural produce, subject to quota.
The US Administration would not need to impose any actual sanctions:
it could just put up no opposition to pressure from the US agricultural
lobby.

The exploration of possible nuclear weapon-free zones is another
example of moves to ‘delegitimize’ nuclear weapons. There has long
been interest in nuclear weapon-free zones in Scandinavia and the
Balkans: now there has been some progress towards a South Pacific
nuclear weapon-free zone. In November, senior officials from member
countries of the South Pacific Forum (including Australia, New
Zealand and Fiji) prepared the draft of a treaty on a South Pacific
nuclear weapon-free zone, which will be considered by heads of govern-
ment in August 1985.

In western Europe, there were fewer demonstrations, and with
smaller attendances, than in 1983. However, public opinion polls do
not suggest any change towards approval of the deployment of new US
missiles in western Europe. In all the countries concerned, the polls sug-
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gest a majority against deployment. In the Netherlands 65 per cent, in
Italy 70 per cent, and in Belgium 74 per cent of respondents have said
that they are not in favour of deployment. In Belgium, however, the
decision has been taken to deploy 16 cruise missiles. In the
Netherlands, deployment in 1988 is contingent on the number of SS-20
missiles deployed by the Soviet Union. The decision is due in November
1985, and the peace movement has announced a major campaign for
October.

In the German Democratic Republic and (to a lesser extent) in
Czechoslovakia, there have been overt protests against the SS-22s, par-
ticularly from church organizations.

The public is now more interested than it used to be in nuclear
weapon issues and it is also better informed. It is entitled to know what
each side is proposing at Geneva, so that it can exercise some influence
on the negotiations. In the past, the negotiations have been technically
confidential, but there have been selective leaks of information. It
would be more sensible to have less pretence of confidentiality, and
more open statements of proposals.

The absence of complete confidentiality does, unfortunately, mean
that public relations experts will be at work to dress up proposals so
as to make them sound attractive: the previous Geneva negotiations
provide a number of examples of the adroit use of language for this
purpose. Any claims by either side that it is occupying the high moral
ground in the negotiations should be suspect; it is not likely that the pro-
posals of either side will have had their origin in moral considerations.

Allegations of treaty infringement

Allegations of treaty infringement are also, unfortunately, part of the
background to the negotiations. Both countries can be said to have ex-
ploited loopholes in past treaties, in that they have intensified weapon
development in those areas which had been left unconstrained; but that
is not a treaty infringement. The judgement of these allegations (most
of which are not new) remains as it was last year: most of them are
vague and conjectural. In some cases they are the result of insufficiently
precise language in a treaty: for example, the SALT II Treaty, which
bans the concealment of missile test data which would impede veri-
fication, fails to indicate what kinds and amounts of information are
needed for that purpose. Some further suspicions arise because other
relevant treaties have not been ratified: if the United States had ratified
the 1974 Threshold Test Ban Treaty, it would presumably have received
data which would have enabled it to estimate more accurately the size
of Soviet nuclear explosions. Some charges are not of great military
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significance: for instance, the construction of a radar, at whatever loca-
tion, does not by itself do much to provide a country with effective
ballistic missile defence. Finally, official US sources continue to repeat
the allegation that the Soviet Union was, up to 1982, involved in the
production, transfer and use of trichothecene mycotoxins for hostile
purposes in Laos, Kampuchea and Afghanistan. The hard scientific
evidence for this allegation has been discredited: the samples of ‘Yellow
Rain’ which have been tested are clearly not chemical or biological
warfare agents, but are of natural origin. The allegation should be
withdrawn.

Strategic weapons

While negotiations have been at a standstill, weapon deployment has

not. As so often is the case, negotiators have to aim at a moving target.
Both the United States and the Soviet Union are moving ahead

fast with strategic nuclear weapon programmes. The big increases in

capability will come later in the decade: 1984 saw just the beginning of

this expansion.

" These are the main points on what is happening in the United States:

1. A very large sea-launched cruise missile programme is under way,
posing formidable problems for arms control.

2. About 800 nuclear warheads were added to the US strategic
stockpile in 1984, as a result of the commissioning of two Trident sub-
marines and the activation of two B-52 bomber squadrons equipped
with air-launched cruise missiles.

3. Testing of the MX missile continued and FY 1985 funds for
production of 21 missiles were released.

4. Engineering design of the small, single-warhead, land-based
missile (Midgetman) proceeded.

5. The Trident submarine programme continues—the eighth will be
launched in May 1986. The full programme may be 20—25 submarines.
From the ninth submarine onwards, they are to be equipped with the
more accurate Trident II missile.

6. The purchase of 100 B-1B bombers will be completed in fiscal
year 1986; there is some pressure from industry to increase the number.

7. The new, advanced cruise missile will soon be replacing the
existing model on B-1B bombers.

8. Congress is showing increasing concern with nuclear weapon
issues, though up to now no major programme has been stopped.

Information about Soviet nuclear weapon deployment comes from
US intelligence sources, and is less precise. The US Administration has
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reported that the Soviet total of nuclear warheads exceeds that of the
United States. The USA now assumes that virtually all the Soviet
SS-17s, -18s and -19s carry multiple independently targetable re-entry
vehicles (MIRVs).

The Soviet Union is proceeding to deploy the new Typhoon Class
submarine, and is testing a new submarine-launched ballistic missile. It
also announced the deployment of long-range cruise missiles, both air-
launched and sea-based. The United States lists some 13 categories of
new Soviet strategic nuclear weapon developments.

Britain, France and China are all extending their nuclear weapon
capabilities. The British programme includes refitting all Polaris
missiles with the improved Chevaline warhead; by mid-1987 220 Tor-
nado dual-capable aircraft will be deployed in Europe, which will add
considerably to NATO’s airborne nuclear capability; and the Trident
submarine programme goes ahead. By 1993, France is expected to have
refitted all its ballistic missile submarines, except the first, with the six-
warhead M-4 missile, raising the number of warheads on submarines
from 80 in 1984 to 496 by 1993.

Negotiating positions

These various present and prospective deployments add new problems
for the negotiators; and the old problems have not gone away. These
are some of them.

1. Both sides claim that their objective in the negotiations is ‘parity’,
or ‘equal security’. Given the different mix of weapons, different
geographical circumstances, different alliance structures, and also given
the general atmosphere of suspicion, it will be very difficult to get an
agreement on whether a particular proposal provides for parity. Fur-
ther, the demand for parity is a political, not a military demand. The
military requirement is simply that one side, if it were first attacked
with nuclear weapons, would be able in response to inflict unacceptable
damage on the attacker. The only requirement of an agreement,
therefore, is that it should not give either side the possibility of im-
plementing an effective, that is, disarming, first strike. There are a great
many combinations of numbers of weapons which would fulfil this
requirement,

2. In the previous negotiations, the United States has had as its
objective a reduction in the number of Soviet land-based heavy missiles:
for example, its proposal to move total throw-weight on either side
towards equality was motivated by this declared need. The justification
for this objective was the perception of a threat: that Soviet land-based
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missiles could destroy the whole of the US land-based missile force; and
that the United States, if this happened, would be inhibited from any
retaliation. That seems an unreal perception of threat.

First, it would require perfect functioning and absolutely precise
timing for a very large number of missiles: it is not conceivable that
a government would expect this degree of perfection from its missile
force.

Second, such a scenario requires the assumption that the United
States would not retaliate with any of its large fleet of ballistic-missile
submarines—and the United States has deliberately chosen to install
over half its warheads on submarines.

Third, there is the more technical point made by the Scowcroft Com-
mission, which reported on the United States’ strategic posture. There
is no way that the Soviet Union could co-ordinate an attack by land-
based missiles on US land-based missiles with an attack by submarine-
launched missiles on US military airfields, without giving the United
States prior warning either for its bombers or its missiles.

Fourth, it does not appear to be correct to say that the United States
has no missiles with the capability of the Soviet SS-18s and SS-19s.
‘Capability’ in this context is not measured by throw-weight, but by the
ability to destroy the missile silos of the other side. That ability depends
mainly on accuracy. The US Minuteman III missile with the Mark 12A
warhead has about the same accuracy as the Soviet SS-18 (in the 10
warhead model) and also has about the same probability of destroying
a missile silo. :

3. The United States at the last negotiations floated the idea of a
‘build-down’ proposal; this was under pressure from a number of
members of the Congress. It suggested a joint working party with the
Soviet Union on this subject. The idea, in its simplest form, is that for
each new warhead deployed, more than one old warhead would be
dismantled: the ratio between new and old warheads could be varied in
order to encourage development in certain directions. It is a proposal
which allows modernization, but prevents escalation in numbers.

4. The Soviet position appeared broadly to follow the SALT 1
and SALT II pattern—with a limit on total numbers (either of war-
heads or launchers, or some combination of both), but with a certain
‘freedom to mix’. The Soviet objection to the United States’ proposal
was that it was an attempt to force the Soviet Union to divert its
resources away from land-based missiles, where it was relatively
advanced, towards missiles where its state of technological develop-
ment was relatively backward. The Soviet submarine-launched ballistic
missile fleet lags behind that of the United States in a number of
respects.
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5. The question must soon be settled, whether or not the two powers
will continue to observe the main provisions of the SALT I and SALT
Il agreements. The term of the SALT 1 agreement has expired;
however, both sides have agreed that the commitments reached should
remain in force. The SALT II Treaty was not ratified by the United
States, and in any case is due to expire at the end of 1985. Here also,
the two sides have agreed to observe the main provisions of the Treaty.

The SALT I and SALT II constraints do have some effect. For
instance, SALT 1 limits the United States to 44 ballistic missile sub-
marines with 710 launchers, and limits the Soviet Union to 62 ballistic
missile submarines with 950 launchers. SALT II limits the number of
launchers with multiple warheads on either side—on those weapon
systems included in the Treaty—to 1200. As a consequence of these
constraints, the Soviet Union has converted some older Yankee Class
submarines to cruise missile carriers. The constraints also mean that the
United States, as it launches new Ohio Class submarines equipped with
Trident missiles, will come up against the limit of 1200 launchers with
multiple warheads. If it is to keep within the provisions of SALT II, it
will have to dismantle some older systems. The test will come later in
1985, when the seventh Ohio Class submarine, the Alaska, goes for its
sea trials. So far, the indications are that the SALT I and SALT II
limits will be kept—in spite of the fact that it appears rather curious for
the United States to refuse to ratify a treaty and then to agree to
observe its main provisions.

6. It is possible that the Soviet Union will argue that, if the United
States rejects the arguments for including French and British missiles
in the intermediate nuclear force part of the negotiations, then it must
be prepared to have them counted in the strategic nuclear weapon
negotiations. There is a unilateral Soviet statement to the effect that an
allowance was made for them in the SALT I negotiations; this state-
ment was rejected by the United States.

7. Sea-launched cruise missiles are now proliferating to such an
extent, and have such range and accuracy, that they must surely be
included somewhere in the negotiations. There are, unfortunately, so
many ships and submarines which could carry them that the counting
rules would be very difficult to establish.

Intermediate-range forces

As with the negotiations on strategic nuclear forces, the negotiations on
intermediate-range systems will inherit the old problems, with the
added complications which arise from the new deployments on both
sides.

8
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The last Soviet offer on missiles was that the Soviet Union would be
ready to reduce the number of its SS-20s on the European side from 243
to about 120, and would retire all its SS-4s and SS-5s, if NATO were
prepared to cancel its deployment of Pershing II and cruise missiles. The
USSR was also prepared to freeze the number of SS-20s in Asia, so long
as the United States did not build up its nuclear forces in the Far East.

The United States’ position was still for equality between the number
of Soviet warheads targeted on western Europe and the number of US
intermediate-range nuclear warheads in that area. The issue, in effect,
was still whether French and British warheads should be counted on the
Western side—although the Soviet Union was prepared to make its
offer in a form which made no reference to French or British forces.
However, they would in effect have been included in the count.

The situation is now more complicated. On the NATO side, the
deployment of Pershing IIs in the Federal Republic of Germany has
gone ahead rapidly: 54 were in place by the end of 1984, and the
remaining 54 are due to be deployed by the end of 1985.

By the end of 1984, 80 cruise missiles had been deployed—48 at
Greenham Common in the UK and 32 at Comiso in Italy. The number
at Greenham Common is expected to rise to 96 by the end of 1985. The
total programme of 464 missiles, in five countries, stretches out to the
end of 1988. Belgium took 16 missiles in March 1985. However, it is
still uncertain whether the Netherlands will agree to deploy them: it is
scheduled to take 48 missiles.

The Netherlands has made deployment in 1988 contingent on the
number of SS-20 missiles ‘operational’ anywhere in the Soviet Union.
The Dutch government decided on 1 June 1984 that it would take a
decision on 1 November 1985 on whether to deploy or not. If at that
date there are more than 378 SS-20 missiles operational, then the
Netherlands has decided to deploy 48 cruise missiles at Woensdrecht air
base (the estimate of the number of SS-20 missiles on 1 June 1984 was
378). The government has not made clear how it will arrive at its
estimate of the number of SS-20s; it is assumed that NATO (and the
Pentagon) will be consulted.

On the Soviet side, there are new deployments of SS-12 or SS-22
missiles—with a range of 900 km—in the German Democratic Republic
and Czechoslovakia: the numbers are not known. Nor is it clear exactly
what is happening with new deployments of SS-20s. According to
United States intelligence, the world-wide deployment of SS-20s has
been increased from the 378 which were operational as at the time when
negotiations broke down to 396. This is denied by the Soviet Union. US
intelligence also reports that nine additional bases with nine launchers
each are under construction. However, there are some reports that
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intercontinental missiles—SS-25s—are being deployed on sites assumed
to be for SS-20s.

Thus when the negotiations on intermediate-range nuclear forces
(INF) are resumed, there will be new problems to add to the old ones.
The problem of counting French and British missiles will not have gone
away. It is possible that the Soviet Union will offer the option of count-
ing them in the strategic rather than the INF negotiations; but it is un-
likely to accept the proposition that they should not be counted at all.

On the NATO side, there will probably be pressure to count in the
new missiles deployed in the Democratic Republic of Germany and
Czechoslovakia, even though their range is less than 1000 km.

Space weapons

Space weapons will be a most complex area of negotiations. So far as
arms control is concerned, there are two distinct issues—the problem
of anti-satellite weapons, and the problem of defence against ballistic
missiles. However, although the arms control issues may be distinct,
the military technology associated with them is not. Weapons which
could be used against ballistic missiles could also be used against
satellites.

Both the United States and the Soviet Union have, in their time,
deployed anti-satellite weapons. Between 1964 and 1968 the United
States had a system which it claimed was operational: this was a direct
ascent system using nuclear warheads launched by Air Force Thor
missiles from Johnston Island in the Pacific. This system was dismantled
in the 1970s. The Soviet Union has deployed interceptor satellites—a
somewhat cumbersome system—which take a long time to reach their
targets. There were some 20 tests of this system between 1968 and 1982.
Since 1982 the Soviet Union has unilaterally declared a moratorium on
further testing: however, it has not at any time admitted that it had an
anti-satellite programme. The United States is now developing a two-
stage short-range attack missile (SRAM), equipped with a ‘miniature
homing vehicle’. This locates the target with infra-red sensors and then
rams it with destructive force; no explosive device is employed. The
missile is mounted on an F-15 aircraft. It has been tested against a point
in space, and against a star, to test the guidance system and the
on-board computer.

The US system is clearly more capable than the Soviet system; how-
ever, both systems can only attack satellites in a relatively low orbit.

There is at present no treaty banning the development of anti-satellite
systems, although there is a ban on interfering with at least some of the
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satellites. However, it does not seem to be disputed that the further
development and extensive deployment of such systems would be
destabilizing.

The other arms control issue concerns the research programme into
ballistic missile defence. The United States is now engaged in a major
research effort, scheduled to cost $26 billion over five years. The initial
objective is to establish whether ballistic missile defence is feasible. If
it is judged to be feasible, then the intention of the present US Admini-
stration is to deploy it; it has been said that the technology would be
made internationally available. The scale of the research programme in
the Soviet Union is not known. The Soviet Union is more threatened
than the United States by possible attack from aircraft, and it spends
a great deal on anti-aircraft defence. It has basic research programmes
concerned with laser technologies, for example. There is little evidence
of the vigorous development of new ABM systems.

The questions arise: is such a system feasible? Is it desirable? If
undesirable, are there appropriate arms control proposals?

The eventual feasibility of such a system is a much debated matter.
Strictly speaking, what is envisaged is not just one system, but a whole
set of systems which attempt to intercept the ballistic missile in its boost
phase, or failing that in mid-course, or failing that in the missile’s re-
entry phase. The problem of feasibility has to cover the consideration
of counter-measures which might be adopted—of which there are
many. Ballistic missiles are not the only available delivery system for
nuclear weapons: any effective defence would have to provide protec-
tion against cruise missiles and aircraft as well. Given new cruise missile
technologies, and the development of ‘stealth’ characteristics for
aircraft, this protection would also be very costly. This is a point of
particular relevance to Europe, where many nuclear delivery systems
are short-range.

Second, even if such a system were feasible, would its development
be desirable? There was a great deal of discussion of this before the
signing of the Anti-Ballistic Missile (ABM) Treaty in 1972. In the initial
discussion which preceded the Treaty, it was the Soviet Union which
argued that, since an ABM system was defensive, it must be acceptable.
It was the United States which pointed to the destabilizing conse-
quences of ABM development. The Soviet side was persuaded and the
ABM Treaty was signed. Nation-wide deployment of ABMs was then
judged by both sides to be futile, destabilizing and costly.

Futile: because in a competition between defensive systems and offensive
missiles with nuclear warheads, the offense would win, especially against
populations and urban areas. Destabilising: because the arms race would
be accelerated as both sides developed and deployed not only competing

ot
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ABM systems, but also offsetting systems to overpower, evade, or attack
and disable the opposing ABM system. Furthermore, each side would fear
the purpose or the capability of the other’s ABMs (especially against a
weakened retaliatory strike), and in a crisis these fears could bring moun-
ting pressures for striking first. What strategic theorists refer to as arms
race instability and crisis instability could both result. Costly: because both
ABM development and deployment, and the buildup, modernization and
diversification of offsetting offensive forces, must be purchased.?

These were the judgements at that time. The question to examine now
is what reason there might be for changing them.

If ABM development is judged to be undesirable, what are the arms
control requirements? The main requirement is a reaffirmation of the
ABM Treaty, and the removal of ambiguities. The existing ABM
Treaty is of unlimited duration. Article V of the Treaty reads: “Each
party undertakes not to develop, test, or deploy ABM systems or com-
ponents which are sea-based, air-based, space-based or mobile land-
based”. If work on ABM defence progresses beyond the research phase
to actual testing, the provisions of the Treaty may well be infringed.
The present US programme is intended to progress beyond the research
phase. The President’s National Security Decision Directive no. 119
(January 1984) directs the programme manager of the Strategic
Defence Initiative to conduct four major demonstrations of critical
missile defence technologies before 1990.

A party has the right to withdraw from the Treaty, after six months’
notice, “if it decides that extraordinary events related to the subject
matter of this Treaty have jeopardized its supreme interests.... Such
notice shall include a statement of the extraordinary events the notify-
ing party regards as having jeopardized its supreme interests”.

II. Chemical and biological warfare

There is no reasonable doubt that Iraq has made use of chemical
weapons in its war with Iran. Iraq acceded to the Geneva Protocol as
long ago as 1931. It is thus under a legal obligation not to use these
weapons against another party (Iran is a party to the treaty), unless the
fellow signatory has used the weapons first (there is no suggestion that
Iran did so).

This is a clear breach of international law, but the reaction of the
international community has been muted. The culprit has not even been
named in resolutions either of the Security Council or the General
Assembly which expressed concern about the use of chemical weapons.
There have been no sanctions (apart from embargoes on certain exports
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to both countries). On the contrary, the United States has resumed
diplomatic relations with Iraq, and the Soviet Union has renewed
arms supplies. The impression has clearly been given that a breach of
one of the major treaties constraining military activity is a matter of
minor importance. Many countries may draw the general conclusion
that in this matter they can disregard their accession to the protocol.
This development has weakened the arms control regime, not only in
the field of chemical warfare.

However—in this field of allegations of use—there is one important
example where the evidence for the allegation is now seen to be weak:
that is, the allegation of the use of Soviet chemical or biological
weapons in South-East Asia. The hard scientific evidence for these
allegations consisted of samples of ‘Yellow Rain’, which were supposed
to be a biological agent, carrying Soviet-manufactured mycotoxins.
However, all the samples which have been tested for pollen have been
found to contain pollen—and further, pollen from a wide assortment
of South-East Asian plants. There is no doubt that these samples are
not agents of chemical or biological warfare, but bee faeces. Further,
although the allegations suggest that these biological agents were used
over a period of eight years, not a single spent or dud round of toxic-
agent ammunition has been found. This leaves as evidence the accounts
given by refugees. For many reasons, it is not adequate to base an
allegation on such accounts.

Weapon developments

The US Administration, for the third year running, put strong pressure
on the Congress in 1984 to approve the production of the new binary
chemical weapons. The attempt was made to get approval for those
items needed for their production which have long lead times, with the
promise that actual production would still need further approval; and
of course the ‘bargaining chip’ argument was used—that the decision
to produce would help the arms control negotiations. The Congress did
not agree, and production was again postponed.

One (possibly minor) reason for Congressional unwillingness to
approve production is that no European government has said that it is
prepared to store the new weapons on its territory. During 1984,
however, there seems to have been something of a concerted campaign
among some NATO commanders in favour of chemical weapons; in
both the Federal Republic of Germany and the United Kingdom there
were reviews of chemical weapon policy.

As always, the Soviet Union said nothing about its production and
deployment of chemical weapons. This leaves the field open for US
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intelligence sources, which describe in some detail a very substantial
Soviet programme. These accounts—in so far as they rely on evidence
from defectors—may contain some exaggeration: but the outside
observer, in the absence of other information, is likely to conclude that
they have some basis in fact.

It used to be the case that the USSR, the USA and France were the
three nations cited as possessing chemical weapons. During 1984, there
was an official US suggestion that the list is much longer—possibly
some 15 countries in all. The fact that Iraq possesses a chemical warfare
capability, of which other nations were unaware, suggests that there
may, indeed, be additional nations possessing chemical weapons.

III. World military expenditure and the arms trade

Military expenditure

The world spent something of the order of $800 billion on the military
sector in 1984.% The upward trend has accelerated in recent years. The
average real rise in 1980—84 was 3.5 per cent a year, well up on the 2.5
per cent average of the previous four years.

It is the US rearmament programme which explains this acceleration:
there, military spending has been rising very fast indeed—by about 8.5
per cent a year (in real terms) since 1980. Elsewhere in the world the
rise has been much slower. This section comments on some facets of
military spending in the main countries and regions.

The United States. The US Administration’s view is that the rearma-
ment programme is by no means over. After a 40 per cent real increase
in military spending over the past four years, the Administration’s
plans are for a further 40 per cent rise in the next five fiscal years—up
to fiscal year 1989. This is in spite of the fact that this continued rapid
rearmament programme runs counter to the Administration’s declared
economic objective, of reducing and eliminating the budget deficit.

Up to last year, the Congress has not been very effective in checking
the rise in this enormous programme. It is estimated that the Admini-
stration obtained 97.5 per cent of the funding it had originally
requested when it set the programme in 1981. Although the Congress
may now hold back further authority, there is a substantial backlog of
funds already appropriated but not spent, which may well keep actual
outlays rising fast for some time. There is the further point that many
major weapon programmes are at or near the point of no return, when
cancellation could be almost as expensive as continuation.

Spending on weapon procurement (particularly on strategic
weapons), and spending on research and development, have been the
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fastest-growing elements in the rearmament programme. Up to now, all
the Administration’s major strategic nuclear weapon programmes have
been approved. However, one of these programmes—that for the MX
missile—faced a difficult passage through the Houses of Congress. The
other major strategic weapon programmes—the B-1 bomber, the new
generation of ballistic missile submarines, and the air-launched and
sea-launched cruise missiles—are unlikely to be held back.

Other NATO countries. Other NATO countries have not followed
the United States in inaugurating massive rearmament programimes.
Only three countries—Canada, Britain and Italy—have met the 3 per
cent growth target for military expenditure set in the late 1970s. In
Britain, the average rise in the past three years has been over 6 per
cent—partly the consequence of the Falklands/Malvinas War and its
aftermath. European NATO countries, apart from Italy and Britain,
have had real growth rates in military spending of under 1 per cent a
year in the past three years. European NATO countries in general have
a rather calmer view than the USA of the Soviet threat: the economic
objective of holding back the rise in public expenditure has been given
primacy.

It is likely that-there will be increasing pressure from the United
States for more military spending in western Europe: the lever used will
be the threat of the withdrawal of US troops.

The Soviet Union. The current CIA estimate is that military spending
in the Soviet Union has been rising by about 2 per cent a year, in real
terms, in recent years. From now on, it is likely to rise faster: the official
budget figure for defence in 1985 is 12 per cent higher than in 1984.
Most information about Soviet military spending comes from United
States intelligence sources. The weapon procurement estimates for the
past five years suggest a high level of military spending, but—up to
now—not a sharply rising trend. However, the US sources now predict
a new surge in procurement figures: the US Department of Defense
claims to have identified some 200 new Soviet weapon systems to be
fielded in the 1980s.

It is unlikely that the Soviet Union will be driven by economic
pressures to accept a position which the outside world might consider
to be one of military inferiority. Economic sacrifices will be imposed if
necessary. In any case the rise in national output seems to have picked
up from the low figure in 1982.

Other Warsaw Treaty Organization countries show some accelera-
tion in their military spending in recent years—in spite of the fact that
their economic growth rates have come down considerably.

In Japan, military spending has increased by about 4 per cent a year
(in real terms) in recent years; the 1985 increase may be rather higher.
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However, the ceiling of 1 per cent of GNP for defence will probably
be kept (although it is currently subject to some criticism) by the device
of deferred payment for some weapon procurement.

China continues to give low priority to military modernization. From
1980 to 1984, the military share of the state budget fell from 16 to 13
per cent, while the share of education, health, culture and science rose
from 13 to 17 per cent.

In Third World countries in general, economic constraints have held
back increases in military spending. For a long period in the 1960s and
1970s, military spending was rising faster in Third World countries
than in the industrial world. In recent years, that has not been the case.
Even the oil-rich countries have had to curb their military budgets. The
developing countries without great oil reserves are heavily in debt-—and
approximately one-fifth of the increase in their debt in recent years is
accounted for by arms purchases from abroad. Many of these countries
have been forced to borrow from the International Monetary Fund.
The Fund normally requires reductions in overall government expen-
diture (although it very rarely criticizes the share taken by military
budgets). In South America, civil governments have replaced military
governments in a number of countries, but this has not always led to
cuts in military spending. In Central America, civil wars and threats of
external intervention have kept military spending rising. In the Middle
East, Israel has continued to receive very large subventions from the
United States; Egypt also received over $1 billion in US military aid.

Military research and development

World military research and development expenditure was some
$70—80 billion in 1984. The rise in its volume has been accelerating
much faster than that of military expenditure as a whole. In the second
half of the 1970s the average rise per year was under 1 per cent—less
than half that of total military expenditure. From 1980 to 1983 it was
5—8 per cent and from 1983 to 1984 over 10 per cent—more than
double that of total military expenditure.

The result is likely to be that the speed with which new and modern-
ized weapons can replace older ones will be increased, creating
pressures to raise military expenditures far into the future, irrespective
of the state of political relations then.

Arms trade

Trade in major weapons has been declining since 1980. The main
reason is economic. Third World countries in general are deeply in
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debt, and consequently have been cutting back on foreign purchases,
including arms. There are other reasons for this decline in trade—more
production of weapons in Third World countries themselves; more
transfer of technology; and more exports of components and modifica-
tion and upgrading kits. In some countries which have in the past been
major purchasers—such as Libya—the market may now be saturated.

The arms market is thus a buyer’s market; there is less demand. And
more countries—North Korea and China are examples—are looking
for overseas markets for their arms production. Many consequences
follow. The United States and the Soviet Union are not as dominant as
they were: some west European suppliers—France, Britain and FR
Germany—have been gaining shares. There are many more offset deals
now—and offsets often equal, and sometimes exceed, the value of the
arms transfers. Favourable financial arrangements have to be offered.
Buyers now often demand top-of-the-line weapon systems, and do not
accept weapons which they consider to have down-graded capabilities.
Thus, the United States has failed to find buyers for its FX export
fighter aircraft, which recipient countries consider inferior to the F-15
and F-16; the Soviet Union had sold an advanced fighter—the
MiG-29—to India before it had even been supplied to its own forces.

In a buyer’s market, it is much more difficult for supplying countries
to exercise any political control. So, for example, advanced fighters
may be introduced into an area of potential conflict when both the
United States and the Soviet Union might have wished to avoid
escalating the arms competition in that way. Thus, when the United
States refused to supply Jordan and Kuwait with new surface-to-air
missiles, both countries turned to the Soviet Union. An incidental con-
sequence is that Soviet and US advisers will be working side by side to
modernize the Kuwaiti air defence system, since Kuwait is also
upgrading its US-supplied Hawk surface-to-air missiles.

Iran and Iraq continue to receive weapons from a large number of
countries, both clandestinely and openly. Several governments, with an
eye to trade possibilities both now and after the end of the war, show
no particular interest in stopping the flows of arms.

Supplies of arms to Turkey and Greece illustrate the political and
commercial complexities of the arms trade. Turkey is considered by the
United States to be a more loyal ally than Greece, and therefore to be
favoured with arms supplies—particularly now that Iran is hostile to
the United States. The Greek government’s behaviour in regard to
NATO has been exasperating to the United States. However, a refusal
to supply arms to Greece would simply mean giving the sales to some
other supplier—possibly, indeed, the Soviet Union; Greece has pur-
chased from the USSR a quantity of military auxiliary equipment. The
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United States will therefore sell F-16 fighters to Greece, with offsets
expected eventually to reach 100 per cent of the total sales price.
Thus Greece and Turkey are both being equipped with US weapons,
primarily to confront each other,

In 1984, the United States firmly re-established its position as the
world’s foremost arms supplier—the delayed consequence of the much
less restrictive policy of the Reagan Administration. The main reci-
pients are Japan, Egypt, Saudi Arabia and Israel. The United States
sells arms to a much larger number of countries than does the Soviet
Union. The volume of Soviet sales of major weapons continued to
decrease in 1984. Libya, for a long period a major market for Soviet
weapons, seems to have decided that it is now adequately equipped.
New clients, such as Nigeria and Kuwait, have only bought small
amounts. Syria, Iraq and India were the main recipients of Soviet
weapons in the 1980—84 period. Soviet weapon exports are an impor-
tant source of hard currency: they are estimated to have accounted for
about half of total Soviet exports to non-communist countries in the
Third World in 1983. There is some evidence that the Soviet Union is
charging rather higher interest rates than in the past on loans to cover
the cost of weapon purchases.

IV. Multilateral arms control talks

Most people who think about arms control or disarmament are, quite
rightly, predominantly concerned with nuclear weapons. They judge,
correctly, that this issue dwarfs the rest. There were no negotiations
about nuclear weapons in 1984.

Such negotiations as did take place were (with the exception of
negotiations on chemical weapons) on matters of lesser importance—
on confidence-building measures at Stockholm, and on force reduc-
tions in central Europe at Vienna. In none of them was there much
advance.

The Geneva Conference on Disarmament

At the 40-nation Geneva Conference on Disarmament there is only one
area in which there is a serious attempt to negotiate a treaty—that on
a ban on possession of chemical weapons. The UN General Assembly
had recommended that the Conference should deal with proposals for
the prevention of an arms race in outer space, and that it should con-
tinue the examination of a possible comprehensive nuclear test ban.
The United States is no longer prepared to negotiate a comprehensive
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test ban, since it has a range of new nuclear warheads which it will wish
to test.

The Committee of the CD in charge of elaborating a chemical
weapon convention tentatively agreed to the wording of several conven-
tion provisions, but important differences remain. The most serious
differences concern the verification of compliance. Some progress was
made, in that the Soviet Union expressed readiness to accept interna-
tional observers at the facilities for the destruction of stocks. The
United States, in the draft convention which it submitted, proposed
that each party, at 24 hours’ notice, must consent to a special inspec-
tion of any location or facility owned or controlled by the government
of a party to the convention, including military facilities. The US pro-
posal for practically unlimited inspection went further than any arms
control verification scheme put forward in recent years: it must be
doubted on the US side how far the US military, or US industry, would
be content with intrusive inspection by foreigners of defence facilities
and chemical plants. Soviet representatives at Geneva have said that
this proposal is totally unacceptable. Mandatory, almost instantaneous
inspections ‘anywhere’, seem hardly necessary: chemical weapons are
not ultimate instruments of war. Large-scale violations involving
militarily relevant quantities of chemical in readily useable form could
not remain undetected, even without the ‘special inspections’ proposed
by the United States. \

Outside the Geneva forum there were, in 1984, some discussions of
other possible approaches to chemical disarmament. There was the sug-
gestion that moves might be made to make Europe (or central Europe)
a chemical weapon-free zone. There were also discussions on the same
subject between German political parties—the Socialist Unity Party
(SED) in the German Democratic Republic and the Social Democratic
Party (SPD) in the Federal Republic of Germany. The populations of
both countries could suffer enormously if chemical warfare were to
occur in Europe; both states are thought to have the chemical weapons
of their major alliance partners on their territory.

The Stockholm Conference

The Stockholm Conference is one of all European states (except
Albania and Andorra), plus the USA and Canada. The Conference,
according to its mandate, is to be “devoted to the negotiations and
adoption of a set of mutually complementary confidence- and security-
building measures designed to reduce the risk of military confrontation
in Europe”. The three groups which matter at the Stockholm Con-
ference are the NATO countries, the Warsaw Treaty Organization
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countries, and the neutral and non-aligned countries.

The problem of the Conference from the beginning has been that the
Soviet Union has had a very different view about the agenda from that
of the other two groups of countries. The NATO countries have put
forward proposals for a set of military confidence-building measures—
items such as exchange of information on the structure of ground
forces, obligatory prior notification of major troop movements and
obligatory invitations to observers for such manoeuvres. These pro-
posals, they argue, are in line with the limited mandate given to the
Conference—a mandate which had been agreed upon at Madrid. The
Warsaw Treaty group’s set of proposals is very different: it includes
such matters as a declaration of non-use of force in international rela-
tions, a no-first-use of nuclear weapons obligation, and moves to make
Europe free of chemical wedpons, as well as traditional military
confidence-building measures. The neutral and non-aligned proposals
are closer to the NATO proposals but with certain actual constraints
added—such as ceilings on the number of forces engaged in
manoeuvres.

Most of 1984 was taken up with confrontations in plenary sessions.
The NATO countries argued that most of the Soviet proposals were
outside the mandate, and—if they were to be dealt with at all—should
be dealt with elsewhere. The Soviet position was that the Western
proposals amounted to legalized espionage, and that there had to be
proposals in the political as well as the military field.

The Western alliance made one concession towards the Soviet posi-
tion: the possibility of reaffirming the principle of the non-use of force,
as ‘the crowning glory’ of a negotiating process that brought substan-
tial agreements on concrete confidence- and security-building measures.
The NATO group was also giving consideration to the neutral and non-
aligned proposal for certain constraints—a proposal which was
supported by the WTO group.

At the end of the year, it was finally agreed to set up two working
parties. One was to deal with all proposals on notification and observa-
tion of military activities; the other was to deal with all other proposals.
However, it was made clear that agreement to discuss a proposal did
not in any way imply that it should have a place in the final declaration;
it would still be open to any country to say that the proposal was not
in conformity with the conference mandate.

The Vienna M(B)FR talks

The negotiations at Vienna on force reductions in central Europe are
moving into their twelfth year. The negotiations began formally on 30
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October 1973. Eleven countries participate directly in them—those with
forces in central Europe. Progress during 1984 was negligible. It is
becoming increasingly difficult to take these negotiations seriously. In
12 years, a compromise could have been found between the different
positions, given political will.

So long as negotiations continue, it is made more difficult for the
United States unilaterally to reduce the number of its forces in FR Ger-
many, since—if it did so—this would appear to be conceding something
to the Soviet Union without obtaining anything in return. However,
this has not prevented some US senators from proposing that such
reductions be made unless the Europeans show more enthusiasm for
spending on their own defence.

There has long been agreement on the main objective of the
negotiations—an end-state of 900 000 total ground and air force troops
on either side. However, there has for years now been disagreement
about the present number of Warsaw Treaty Organization troops
in the central region. The West does not accept the WTO figure. It
claims that it is substantially understated. The discrepancy—which was
put at around 160000 troops in 1980—is now, according to the West,
nearer 250 000.

The Soviet Union, in line with its policy of ‘no verification without
disarmament’, proposes that there should be an agreement to reduce
the number of troops to 900000, and then the figure should be verified.
This is not accepted by NATO.

In April 1984 NATO made a new proposal: there should be an initial
data agreement for combat and combat-support troops only. (It
is assumed that a good deal of the discrepancy is in service-support
troops.) Further, the West would accept Eastern figures if they fell
within a certain range—say 5—10 per cent—of Western estimates.

However, this new Western proposal was to be accompanied by more
stringent verification requirements, but up to the end of the year the
West had not tabled its proposal under this heading. This certainly
suggests a leisurely negotiating tempo.

The verification requirements, which at Vienna go under the heading
of ‘associated measures’, have some overlap with the confidence-
building measures which are being discussed at Stockholm. There are
differences, of course. The Stockholm measures, if agreed, would apply
to all European nations (except Albania and Andorra). The Vienna
measures are limited to the central region, and contain verification pro-
posals which would not be relevant for discussion at Stockhom—such
as monitoring stations for checking the movement of troops in or out
of the central region.

21




SIPRI Yearbook 1985

The third NPT Review Conference

The third Review Conference of the parties to the 1968 Treaty on the
Non-Proliferation of Nuclear Weapons (NPT) is to be convened in
autumn 1985, in accordance with Article VIII of the Treaty.

The first Review Conference, which took place in 1975, adopted a
declaration reaffirming the role of the NPT in international efforts to
avert further proliferation of nuclear weapons; promising more
favourable treatment of the parties than non-parties; stressing that the
responsibilities and obligations of all parties must be balanced; pro-
moting international arrangements to ensure the physical protection of
nuclear materials; and providing a stimulus to the idea of setting up
multinational nuclear fuel cycle centres.

The second Review Conference, held in 1980, demonstrated a con-
vergence of views on the following points: (@) international co-
operation likely to contribute to the development of a nuclear weapon
capability by non-parties to the NPT should be avoided; (b) safeguards
procedures need continuous improvement to deal with increasing
amounts of nuclear material and more complex facilities; (¢) the Con-
vention on the physical protection of nuclear material should be acced-
ed to by all states; (d) more assistance should be provided to less-
developed non-nuclear weapon parties in the application of nuclear
energy for peaceful purposes; (e) conditions of nuclear supplies should
be more fully discussed between supplier and recipient states; and (f)
IAEA efforts towards the establishment of a scheme for international
plutonium storage and the management of spent fuel should continue.
The Conference was unable, however, to adopt a consensus declara-
tion, mainly because of disagreement over the NPT provisions dealing
with disarmament.

In particular, the nuclear weapon powers refused to accede to the
demands put forward by the majority of participants that they should
undertake concrete commitments to halt the arms race. They even
declined to step up the pace of their ongoing negotiations or establish
procedures for new ones.

Another major controversy arose in connection with the application
of safeguards under Article III of the NPT. While all the participants
were, in principle, in favour of full-scope safeguards (that is, safe-
guards applying to all nuclear activities) in states not party to the
Treaty, there was no agreement as to whether such safeguards should
be required as a condition of supply.

Since 1980 the situation regarding these two points—full-scope
safeguards, and the disarmament responsibilities of the nuclear weapon
powers—has not improved. As regards safeguards, the differences per-
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sist, even though a few countries have unilaterally tightened the terms
of nuclear exports. The rule which has been eagerly advocated by a
number of states, that there should be no nuclear supplies to any
country without comprehensive safeguards, is still not being universally
followed.

The nuclear weapon powers, far from disarming, are engaged in
massive nuclear weapon rearmament programmes. In the past 13 years,
since the conclusion of the SALT I agreements, no nuclear arms control
treaty has become effective, while the agreements in force have been
under constant threat of collapse. Nor has there been any movement
towards a comprehensive nuclear test ban (CTB), which has long been
considered as an essential measure to halt nuclear weapon prolifera-
tion. The importance of a CTB was recognized in the NPT itself, which
reiterated the determination of the parties to the 1963 Partial Test Ban
Treaty to achieve the discontinuation of all test explosions of nuclear
weapons “for all time”. The trilateral British—US—Soviet talks on a test
ban treaty have remained suspended since 1980, and the multilateral
talks on the same subject, held at the Conference on Disarmament,
have been stalemated.

The one minor move that the United States, Britain, France and
recently also the Soviet Union have made is to open certain civil nuclear
power installations to inspection by the International Atomic Energy
Agency. The Soviet Union’s recent agreement to do this is important:
it belies the proposition often made that the Soviet Union refuses all
forms of international inspection.

In signing the NPT the parties agreed that the Treaty was only a step
in the larger process of disarmament, in which the self-imposed denial
of non-nuclear weapon states was to be matched, ultimately, by cor-
responding acts of the nuclear weapon powers. The non-fulfilment by
the latter of their disarmament obligations contributes to sapping the
legitimacy of the non-proliferation regime, particularly in Third World
countries, where the regime may begin to be seen as an imposition by
the great powers. Moreover, the climate of US—Soviet confrontation
generated by the arms race creates disincentives for non-parties to join
the Treaty and prevents joint political action against would-be nuclear
weapon states.

For more than a decade, since the 1974 Indian nuclear explosion,
despite the development of nuclear energy in different parts of the world,
no country has demonstrated a nuclear weapon capability. This belies the
fears that troubled many people in the 1950s. The NPT has so far held
remarkably well. It has attracted a record number of adherents for an
arms control treaty. These include almost all highly developed,
industrialized and militarily significant non-nuclear weapon countries.
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However, at least half a dozen so-called ‘threshold’ countries remain
outside the Treaty. They carry out significant unsafeguarded nuclear
activities and often claim the right to ‘peaceful’ nuclear explosions.
They are, therefore, considered to be the likely next candidates for
membership of the ‘nuclear club’. The logic that may impel them to
demonstrate a nuclear weapon capability would be political rather than
military. The nuclear weapon states clearly believe that possession of
these weapons gives them status in world affairs. Other states which
wish to enhance their importance in world affairs may come to the same
conclusion.

V. Assessment

The objective

Arms control is not, of course, an end in itself. The objective is to avoid
war—primarily nuclear war. Given that it is unlikely that the nuclear
powers will be willing (for the foreseeable future) simply to give up
their nuclear weapons, the way to avoid nuclear war is by establishing,
and preserving, some kind of stable nuclear balance.

However, there is little chance of such a stable balance when a major
nuclear weapon rearmament programme is in full swing, as it is at
present. A multiplicity of forces militate against the possibility of
balance: the military doctrines which have moved beyond deterrence to
war-fighting concepts; the political demand for avoiding apparent
inferiority, which in effect becomes indistinguishable from establishing
superiority; and the pressure from research and development
establishments to adopt new or improved weapons.

When negotiations take place, as the Geneva negotiations will do,
against a background of rapid rearmament, there is a legitimate fear
that—far from reducing weapons—the negotiations may actually lead
to an increase. The fact that negotiations are in progress may be used
as an argument for political approval for military programmes which
might otherwise be in doubt. The ‘bargaining chip’ argument will be
used vigorously: this or that weapon system is needed to force
concessions from the other side.

This is not to say that negotiations are a mistake. If the two
superpowers are unwilling to reach a negotiated agreement, they are
even less likely to be willing to observe any kind of unspecified and
unverified mutual restraint. The argument is rather that the
negotiations need to be accompanied by some kind of pause in
rearmament. That is the case for a moratorium on nuclear weapon
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deployments covering intercontinental and intermediate-range systems
—that is, all weapons currently under negotiation. It so happens that
the number of warheads deployed by each side in these two categories,
taken together, is roughly the same. So a moratorium now would meet
political demands for parity. To this could be added a moratorium on
tests of the weapons under negotiation—for instance tests of the MX
and Trident II missiles on the US side, of the SS-X-24 and SS-X-25 on
the Soviet side, and of anti-satellite systems on both sides. Without
some check of this kind the chances of reaching an agreement are much
reduced.

Guidelines for negotiations

Arms control negotiations should reflect military realities. The military
reality is that many different types of nuclear weapon, located in many
different places, can attack the same target. Weapons with an
intercontinental range can be used over shorter distances. Weapons
with ranges less than 5500 km (the traditional criterion for a strategic
system) can be used for strategic missions if they are forward-based. As
more forward-based systems are deployed, the link between range and
mission becomes weak. Further, negotiations limited to certain
categories of weapon can be—and are—circumvented. The sea-based
cruise missile is a case in point. It was not included in either the
strategic nuclear weapon or the intermediate-range nuclear weapon
talks. Partly as a consequence large numbers are now being built.
This is the case for the format at Geneva, where the three sets of
negotiations have been brought under one umbrella. It will be harder
to omit major systems, and it will be easier to-take care of the overlap
between intercontinental- and intermediate-range systems.

Offensive and defensive systems also have to be considered together.
Improvements in defence worsen the offensive capabilities of one side
and improve the offensive capabilities of the other. The interrelation-
ship was recognized at the very beginning of strategic arms control. In
1972 the two major powers signed the ABM Treaty as well as the
Interim Agreement on offensive arms. It was a formal recognition that
both sides were ready to avoid an offence—defence race in the strategic
weapon field. The SALT and START negotiations could thus
concentrate on offensive weapons. Now that the future of the ABM
Treaty is in question, possible defensive systems will have to be brought
within the ambit of the negotiations again.

Both sides, in their negotiations, set great store by the concept of
parity, meaning some kind of equality by one or other yardstick. There
is no military need for parity: at the present level of nuclear armaments,
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margins of numerical superiority are militarily meaningless. The
demand for parity is a political demand; both sides fear that if they are
seen to be inferior, their position in the world would be in some way
weakened. It has never been explained why this should be the case;
the requirement of parity is an illusion to some extent fostered by
the military, even though all that is needed for military security is
sufficiency, not parity.

Should the negotiations aim for a simple agreement or should they
attempt to agree on more complex provisions which produce a bias
against destabilizing systems?

There is a strong—possibly overriding—case to be made for a simple
agreement, fixing limits for only a few dimensions of nuclear weapon
capability. Deliverable warheads would be the main unit of account.:
Detailed regulations require complex technological assessments, slow
down the pace of negotiations, make the talks centre on the weapons
of the past rather than the technologies of the future, and may create
ambiguities and verification problems. The SALT II accord was
certainly more comprehensive than SALT I; however, its complex
provisions have led to many of these difficulties.

Stability

The alternative to a simple agreement is one with more elaborate pro-
visions to discourage particular systems on the grounds that they are
destabilizing. One of the problems here is that West and East do not
agree on what is destabilizing. In the West, destabilizing developments
are defined primarily in technological terms.

By now, it is widely recognized that it was a mistake, in the early
stages of SALT, simply to limit launchers. This encouraged the
development of multiple warheads, and this in turn increased the ratio
of warheads to targets—taking missile silos as the main targets. That
is the argument for an agreement which covers warheads as well as
launchers (as SALT II does) and which favours less vulnerable
launchers and single-warhead missiles. '

Improved missile accuracies are a destabilizing development. They
lead to nuclear war-fighting scenarios, threatening missile silos and
command centres. Unfortunately, it now appears to be too late to
reverse this trend. It is no longer possible to reduce the accuracy of
missiles. A ban on testing might prevent further improvements.

Third, the deployment of forward-based systems is destabilizing
because of their short flight times. As the warning time is reduced, the
temptation to adopt a °‘launch-on-warning’ posture is increased.
Further, flight time and warning time are not necessarily identical. A
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cruise missile with ‘stealth’ technology which conceals it from radar
detection may have a long flight time, but a short warning time.

Fourth, if the offensive system is itself vulnerable, this is
destabilizing. This is particularly true if a system is both vulnerable and
forward-based—as is the case for the Pershing II missiles in western
Europe and the SS-22s in eastern Europe.

It is always possible for either side unilaterally to design its nuclear
forces in such a way as to make them less destabilizing. Unfortunately
in recent years there have been few signs of this. It is true that, on the
US side, a single-warhead intercontinental ballistic missile is now being
developed: it may, however, simply add to the stock, rather than
replace any of the missiles with multiple warheads.

Soviet analysts describe destabilizing developments in a rather
different way, which leads to a list of destabilizing systems which differs
from that of the West:

stability is primarily endangered by those systems which are most effective
in destroying the defense warning system, command posts, and staffs
and their communications, but which do not have sufficiently reliable
communications with headquarters...and which require special oper-
ational measures which can aggravate tension (for instance the take-
off of heavy bombers). According to these criteria, the most destabilizing
means are the ballistic missiles deployed on submarines; heavy bombers
armed with stealth technology; long-range cruise missiles; and the Pershing
II missile deployed in forward positions.?

The Soviet Union proposes restraint on the extent to which some of
these systems can be manoeuvred into threatening positions. It is
particularly concerned with measures which improve the control of
events, and the effective command and control over nuclear arms in
the course of a crisis. It is noticeable that each side describes as
‘destabilizing’ the systems in which the other side is presumed to have
an edge. The United States cites Soviet heavy missiles. The Soviet
Union cites bombers, submarine-launched ballistic missiles and the
Pershing II.

Space weapons

The negotiations about space weapons will clearly be one of the most
difficult areas at Geneva. There are a great many variants of the way
in which the ballistic missile defence programme is being presented in
the United States. The most ambitious vision is that of President
Reagan, holding out the hope of a world in which the development of
non-nuclear defensive weapons will make offensive nuclear weapons
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obsolete. The deterrent strategy of ‘mutual assured destruction’ would
give way to a doctrine of ‘mutual assured security’. It would be the
adequacy of defence rather than the threat of retaliation which would
prevent an attack from taking place. The idea is added that the
technology at some point could be shared with the Soviet Union—an
attractive idea which at present, however, seems rather incredible. This
vision of a world in which nuclear weapons are made obsolete
obviously has strong popular appeal.

Other presentations of the idea go a long way to accepting the
criticism that there is no reasonable prospect of achieving a perfect
defence of populations. Ballistic missile defence is presented, not as
replacing deterrence, but as enhancing it by providing protection to
missile sites and command centres. This, it is argued, would reduce the
threat of a first strike. It is sometimes put forward as a better way than
arms control of dealing with the alleged threat posed by Soviet heavy
land-based missiles.

The third presentation concentrates on the proposition that this is a
research programme only, which is being undertaken partly because the
Soviet Union is thought to have a major programme also. Before
deployment, stringent conditions would have to be met. The system
would have to be shown to be invulnerable to attack (which would be
a difficult condition to meet in so far as it is space-based); it would also
have to be cost-effective, that is, it would have to cost less than counter-
measures that could negate its defence capabilities.

The Soviet view of the United States’ Strategic Defence Initiative
programme is clearly very different from these US presentations. It is
argued that there is no sign on the US side that these ideas of
developing defensive weapons have led to any decline of interest in
offensive strategic systems. On the contrary, the programme is being
started at a time when the United States is in the middle of a formidable
programme of strategic offence. All the new missiles in the process of
development and deployment—the MX, the Trident II, the small
ICBM (the Midgetman) and the air-launched, ground-launched and
sea-launched cruise missiles—have high degrees of accuracy; and there
is a substantial programme devoted to developing improved
penetration aids. To the Soviet Union, this must appear as a
programme for the development of war-fighting capabilities. If a
ballistic missile defence system is eventually added, this would be seen
as part of a first-strike capability. The ballistic missile defence would
be intended to deal with the retaliatory missiles left after a first strike.

The Soviet Union’s present position (which, of course, may change)
has been clearly stated: there will be no agreement on strategic offensive
missiles unless something is done about the control of space weapons.
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Here, there is the additional complication of the overlap between the
problem of ballistic missile defence and the problem of anti-satellite
weapons. Anti-satellite weapons are generally agreed to be destabiliz-
ing: no argument has been put forward to the contrary. In a crisis their
very existence could give rise to the suspicion that any military satellite
malfunction was the consequence of enemy action. However, if the
development and testing of anti-satellite weapons were to be banned,
it is not easy to see how a development and testing programme for
ballistic missile defence could be permitted; for weapons which could
incapacitate a missile could also (and much more easily) incapacitate a
satellite.

There is a further complexity in the connection between research into
anti-satellite weapons and research into ballistic missile defence. If—as
seems virtually certain—the envisaged ballistic missile defence system
would be at least partly space-based, such a system would be highly
vulnerable to anti-satellite weapons. The same research which is
addressed to the development of anti-ballistic missile systems can also
be used to devise weapons to attack that system.

The proponents of ballistic missile defence are contending that this
new technological development will serve to stabilize the arms race in
nuclear weapons. The experience of the past 40 years suggests that new
developments in military technology serve to exacerbate rather than
stabilize arms competition.

Europe

The negotiations on nuclear and space weapons are, of course, just
between the United States and the Soviet Union—European countries
can only have an indirect influence on them. However, European states
have security interests which are not identical with those of the
superpowers. They have a strong interest in re-establishing detente: it
was not the European countries which brought it to an end. They are
consequently interested in arms control not only for its own sake, but
also because it would help to lower the barriers—military, political and
economic—in a divided Europe. They have legitimate fears that some
conflict between the United States and the Soviet Union which began
in the Third World might spread to Europe.

West European countries have more scepticism than they officially
express about the US Strategic Defence Initiative. France and Britain
in particular must, for obvious reasons, be concerned to preserve the
integrity of the Anti-Ballistic Missile Treaty. Again, their influence is
limited because they are not parties to the treaty—it is a bilateral treaty
between the United States and the Soviet Union.
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The freedom of manoeuvre of European states is thus limited in
many ways; the deployment of new nuclear missiles on both sides of the
border is a further limitation of that freedom. Nonetheless, something
can be done to pursue objectives which do not tally precisely with those
of the leaders of the two alliances: it is useful to clarify what those
objectives might be.

In the long run, European countries will no doubt wish to reduce the
enormous concentrations of military forces which-exist on either side
of the border. In the shorter run there might be more possibilities for
various forms of disengagement. First, there is the obvious need to
withdraw battlefield nuclear weapons from areas close to the border,
and in this way to reduce the rise of inadvertent escalation. Second, this
could eventually be accompanied by changes in deployment of certain
conventional weapons as well—with a corridor from which some major
offensive capabilities are excluded, but in which defensive capabilities
are permitted. At Stockholm the influence of the neutral and non-
aligned group of states (which could be as important as it was at
Madrid) could be used to add certain constraints on military activity to
the proposals for notification and information.

For the West, if there were some prior redeployment of nuclear
weapons on both sides, and some concomitant measures to enhance the
credibility of Western conventional defence, it should be possible in
time to move to a doctrine of no-first-use of nuclear weapons. This
could go some way to re-establish a Western consensus on a credible
nuclear weapon doctrine: this consensus does not at present exist.
(Opinion polls suggest that most people in the West believe that NATO
is already committed never to use nuclear weapons first.)

It is by pursuing disengagement, measures to prevent surprise attack,
changes in nuclear weapon deployment and consequently in nuclear
weapon doctrines, and also more generally by working to revive
detente, that European powers can best exert pressure on the crucial
arms control negotiations of the United States and the Soviet Union.
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Appendix A. Public opinion

EYMERT DEN OUDSTEN

Superscript numbers refer to the list of notes and references at the end of the appendix. See also
the bibliography.

Introduction

Four areas have been chosen for this year’s short report on public opinion in the West:
the fear of war; views on the deployment of new missiles in Europe; arms control atti-
tudes, particularly in the United States; and opinions on NATO’s current strategy of
‘flexible response’, which includes the option of being the first to use nuclear weapons.

Particularly in the United States and the Federal Republic of Germany, the fear of
war and the extent of concern about nuclear weapons both receded during 1984: some
other countries show a different pattern—one of growing concern. Although there are
fewer mass demonstrations today, such opinion polls as exist do not suggest any greater
approval of the deployment of new missiles in western Europe. The majority still
disapproves in Britain, Italy and FR Germany; and there are large margins of dis-
approval in Belgium, and in the Netherlands (where the missiles have not yet been
deployed).

A widespread desire is expressed in the West for productive arms control talks, and
for dialogue with the Soviet Union. Over the post-war period, opinion in the United
States has changed on many nuclear weapon issues: there now appears to be a con-
sensus that nuclear war would be suicidal; that both the United States and the Soviet
Union have an ‘overkill’ capacity; and that a nuclear arms race cannot be won.

A great many people, particularly in the United States, are under the impression that
the United States and NATO now have a policy of no-first-use of nuclear weapons. In
all countries where the question was asked, there was substantial support for the
principle of no-first-use of nuclear weapons.

Fear of war

Asked about their greatest concerns for themselves and their country, 36 per cent of
the respondents cited ‘the threat of war’, and 30 per cent ‘nuclear weapons’. This was
in a poll held in May 1984 in eight countries, with over 8 500 respondents (table Al).
Their feelings of concern have receded somewhat from the high figures of the autumn
of 1983, when the negotiations on intermediate-range nuclear forces in Europe were on
the point of breaking down, and deployment of new US missiles was imminent.

However, the movement is not uniform between countries. The most striking change
has been in FR Germany. Between October 1983 and May 1984 the proportion of
respondents expressing great concern about the threat of war halved: there was also a
dramatic fall in the extent of concern about nuclear weapons. A relaxation of concern
was also evident in the United States, though not to the same extent. Other countries,
however, showed a pattern of growing concern: that is true for Italy, Spain and
particularly the United Kingdom.
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In spite of these expressions of concern, most people (it seems) still think a new world
war is unlikely. From a poll conducted in the EEC countries of western Europe, it
appears that only about one person in ten now considers that there is more than a 50
per cent chance of a new world war in the next ten years. In 1980, about one person
in three (in Europe) believed that world war in the next ten years was probable (table
A2).

In Western countries the military build-up of the two superpowers was blamed much
more in 1984 than in 1982 for the increase in international tension; in general, more

Table Al. The “threat of war” and “nuclear weapons” among the greatest concerns
for yourself and your country, 1983—84

Figures are the percentage of respondents naming them. Total may add up to more than 100 per
cent owing to multiple answers given.

Threat of war Nuclear weapons

Mar 83 Oct 83 May 84 Mar 83 Oct 83 May 84

FR Germany 16 28 14 42 38 15
France 34 44 47 19 26 26
Italy 44 36 56 33 38 39
Japan 36 42 35 28 34 32
Netherlands 33 37 . 47 49 .

Norway 31 37 30 42 40 31
Spain 48 39 49 29 30 33
United Kingdom 26 31 40 32 29 43
United States 25 45 32 20 37 28
Weighted averages® 30 40 36 27 35 30

“Weighted by population.

Source: Atlantic Institute for International Affairs/Harris polls, AIIA Release, Paris, 7 June
1984,

Table A2. Replies to the question: “Here you see a scale from 1 to 100 per cent. Can
you tell me where on this scale you place the danger of a new world war in the next
10 years?”, 1980-84

Figures are the percentage of respondents indicating more than a 50 per cent chance that a new
world war will break out in the next 10 years.

Apr 80 Oct 81 Oct 82 Oct 83 Oct 84
FR Germany 25 32 19 18 14
France 42 25 20 24 13
Italy 32 18 14 18 12
Netherlands 24 20 19 13 21
United Kingdom 39 21 17 17 14
Belgium 33 32 20 17 16
Denmark 18 - 10 15 13
Ireland 31 28 25 27 18
Luxembourg 15 27 19 14 15
Greece - 8 9 12 10
EEC (average) 34 24 18 19 13

Source: Eurobarometer (EEC, Brussels), No. 22, December 1984, p. 11.
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Table A3. Replies to the question: “Which of the following things do you feel are most
responsible for current international tensions”, 198284

Figures are the percentage of respondents naming them. Total may add up to more than 100 per
cent owing to multiple answers given.

Soviet us Superpower
military military activity in
build-up build-up Third World

Sep 82 Oct 83 May 84 Sep 82 Oct 83 May 84 Sep 82 Oct 83 May 84

FR Germany 55 55 50 39 41 41 26 29 32
France 21 29 31 14 24 20 29 27 29
Italy 37 39 37 20 29 26 15 20 20
Japan . 52 52 . 34 30 . 25 23
Netherlands 38 36 . 24 24 . 17 22 .
Norway 57 59 54 28 34 27 28 29 31
Spain 23 18 42 26 20 47 31 23 27
United Kingdom 33 43 47 15 24 37 16 22 32
United States 27 52 37 11 25 19 17 33 22
Weighted averages® 32 47 42 18 28 27 20 28 25
Weighted averages,

excl. USA® 35 44 45 23 30 32 23 25 27

“Weighted by population.

Source: Atlantic Institute for International Affairs/Harris polls, AJJA Release, Paris, 7 June
1984.

Table A4. Replies to the questions, asked in the United Kingdom and FR Germany:
“Do you think that US policies promote peace or increase the risk of war” and “Do
you think that the policies of the Soviet Union promote peace or increase the risk of
war?”,? 198283

Figures are the percentage of respondents, in each country, naming them.

Apr 82 Jul 82 Apr 83 Jul 83 Dec 83
In the UK
US policies
Promote peace 39 43 24 34 16
Increase risk of war 39 35 57 52 70
Soviet policies
Promote peace 9 18 11 18 10
Increase risk of war 75 52 60 60 62
In FR Germany
US policies
Promote peace 46 32 31 27 26
Increase risk of war 33 33 38 48 41
Soviet policies
Promote peace 9 15 17 14 9
Increase risk of war 68 52 49 60 56

“The exact wording of the questions is not available.

Source: USIS Research Memorandum, 6 February 1984 (USIS, Washington, D.C.).
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blame was put on the Soviet Union than on the United States. However, Spain was an
exception; throughout the period the US military build-up was seen as having greater
responsibility. In general, in western Europe and Japan there was some tendency for
a slight shift of blame towards the United States. Whereas in 1982 the proportion
blaming the US military build-up was only 66 per cent of the Soviet figure, by 1984 it
was 71 per cent of that figure (table A3).

Another survey, conducted by the United States Information Service (USIS)(table
A4), shows this same pattern in the United Kingdom and FR Germany. Here the
question was whether the policies of the United States, or the Soviet Union, promoted
peace or increased the risk of war. Throughout the period from spring 1982 to the end
of 1983, the judgement of Soviet policies in both FR Germany and the United Kingdom
stayed much the same; negative judgements of Soviet policy exceeded positive
judgements in the ratio of 5 or 6 to 1. However, there was a very substantial change
in both countries in the judgement of US policies. At the beginning of the period,
respondents in the United Kingdom were equally divided between favourable and
unfavourable judgements. By the end of the period, unfavourable judgements
outnumbered the favourable by 4 to 1. In FR Germany the movement was in the same
direction—towards a more unfavourable judgement—but it was less marked than in
Britain.

Figure Al. Great Britain: replies concerning the deployment of cruise missiles,
1983-84
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Source: USIS Research Memorandum, 6 February 1984 (USIS, Washington, D.C.).
Other polls: May 1983, Marplan; June 1983, National Opion Polls; November and December
1983, January 1984, MORI; April and June 1984, Gallup.
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The new missiles in Europe

After the actual deployment of the Pershing II missiles in FR Germany and cruise
missiles in Britain and Italy, there have not been as many opinion surveys as there were
before January 1984. The answers to survey questions vary with the wording of the
questions; however, there is little doubt that in general in Europe the majority of
respondents oppose the deployment.

In Britain, the polls conducted for the United States Information Service showed a
much higher degree of support for deployment than other polls (figure Al). However,
even the USIS poll shows a majority opposing deployment by December 1983.
Since deployment, other polls, taken up to the middle of 1984, show increasing
opposition and dwindling support. Other questions also show, not surprisingly, that—
together with this dwindling support for deployment-—there is a growing belief that
additions to the stock of nuclear weapons deployed in western Europe increase the risk
of war.

In FR Germany, even the USIS polls consistently showed opponents to deployment
exceeding the number of supporters: this conclusion is supported by other polls as well
(figure A2). Since deployment a poll was taken in November 1984, asking for a
judgement on whether deployment had been beneficial or damaging to West German
security: 16 per cent said beneficial; 36 per cent said damaging; 48 per cent said it had
had no effect either way.

Figure A2. FR Germany: replies concerning the deployment of new nuclear missiles,
198384
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Source: USIS Research Memorandum, 6 February 1984 (USIS, Washington, D.C.).
Other polls: May 1983, Forschungsgruppe Wahlen; July 1983, INFAS; September 1983, INFAS;
October 1983, Allensbach; November 1983, Gallup.
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In the three other countries which are directly concerned with the deployment of
these missiles, the majorities against deployment seem, if anything, larger than in either
Britain or FR Germany. In January 1984, 63 per cent of respondents in the Netherlands
were opposed to deployment. In Italy, the figure was 64 per cent in May 1984—a figure
roughly unchanged since 1981. In Belgium, the opposition appears to be stronger than
in any of the other four countries—79 per cent of respondents declaring themselves op-
posed in June 1983, and 76 per cent in June 1984,

Arms control and US attitudes

The public attitude, in general, in Western countries is highly favourable towards arms
control and dialogue with the Soviet Union. In a series of polls in nine countries, con-
ducted between 1982 and 1984, respondents were asked about items which were ‘most
important for the future security of Western countries’. Taking the average for all the
countries in the survey, ‘productive arms control talks’ and ‘continued dialogue and
contacts with the Soviet Union’ ranked first throughout the period, with not a great
deal of change from year to year. In each survey, both these propositions (taking the
countries together) were given higher priority than the requirement to keep a military
balance with the Soviet Union (table AS).

In the United States attitudes to arms control and to nuclear weapon policy in general
were studied in some depth before the US election.’ The study by the Public Agenda
Foundation shows some dramatic shifts in US attitudes towards nuclear weapons over
the post-war period. In 1949, only 29 per cent of respondents thought that it was a bad
thing that the atomic bomb had been developed; by 1982, the figure had become 65 per
cent. There have been other similar changes. Americans no longer believe, as they once
did, that nuclear war is winnable and survivable. The study set out certain consensus
attitudes: attitudes espoused by more than 75 per cent of the population; attitudes that

Table A5. Replies to the question: “In your opinion, which of these things are the most
important to the future security of Western countries?”, 198284

Figures are the percentage of respondents naming them.

Continued dialogue
Productive arms and contacts with Military balance
control talks the USSR with the USSR

Sep 82 Oct 83 May 84 Sep 82 Oct 83 May 84 Sep 82 Oct 83 May 84

FR Germany 36 36 40 33 42 43 37 33 33
France 37 49 40 15 18 18 18 19 21
Italy 23 26 30 16 22 18 15 15 13
Japan . 18 21 . 33 27 . 20 21
Netherlands 49 51 . 22 21 . 23 18 .-
Norway 34 30 30 28 31 21 28 27 25
Spain 21 32 32 25 40 32 7 5 6
United Kingdom 21 36 42 19 36 36 24 27 32
United States 21 39 30 25 40 32 21 39 22

Weighted averages® 26 34 31 23 35 30 21 27 22

% Weighted by population.

Source: Atlantic Institute for International Affairs/Harris polls, AIIA Release, Paris, 7 June
1984.
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do not vary significantly, no matter how questions are worded; and attitudes that show
only minimal differences among demographic subgroups. These consensus attitudes
include the following:

that nuclear war is suicidal;

that both the USA and the USSR have an ‘overkill’ capability;

that a nuclear arms race cannot be won, since the Soviet Union would match US
increases; and

that the USA and the USSR must never resort to war, because it is too dangerous.

However, the US consensus attitude is still that the Soviet Union is a dangerous
adversary, which secretly built up its military strength in the period of detente.

No-first-use of nuclear weapons

The consensus of public opinion on the issue of the first-use of nuclear weapons can
be simply stated. Wherever the question is asked, a substantial majority take the view
that under no circumstances should their country—or their alliance—be the first to use
nuclear weapons. This is shown in public opinion surveys taken in the United States,
Britain, Italy and Belgium.

In the United States this subject provides another example of a change in attitude
over the post-war period. In 1949 the majority accepted the idea that the USA might
use nuclear weapons to defend western Europe if it should be attacked (by any means).
Then, only 38 per cent of respondents were opposed to the use of nuclear weapons for
this purpose. By May 1984 the opposition to this idea had risen from 38 per cent to
75 per cent.

Indeed, in the United States, and probably in other Western countries as well, most
people appear to believe that the West has already adopted a no-first-use policy. In the
USA, 81 per cent of the respondents believed that it is in fact current US policy to
use nuclear weapons only if the United States itself is attacked first with nuclear
weapons. More particularly, the majority believe that in Europe it is US policy to use
nuclear weapons only if the Soviet Union uses them first.

In Italy, Belgium and in Britain there is also a majority in favour of a no-first-use
policy.

Notes and references

1. Public Agenda Foundation, Voter Options on Nuclear Weapons (Public Agenda Foundation,
New York, September 1984).
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1. Nuclear weapons

WILLIAM M. ARKIN, ANDREW S. BURROWS and RICHARD W.
FIELDHOUSE, Institute for Policy Studies, Washington, D.C.; and THOMAS B.
COCHRAN, ROBERT S. NORRIS and JEFFREY I. SANDS, Natural Resources
Defense Council, Inc., Washington, D.C.

Superscript numbers refer to the list of notes and references at the end of the chapter.

I. Introduction

Progress in US and Soviet military programmes during 1984 presaged
the significant qualitative and quantitative expansion and improve-
ment of nuclear arsenals planned by the superpowers for the late 1980s
and early 1990s. Nonetheless, during 1984 sustained increases occurred
in the number of nuclear weapons, especially in the strategic nuclear
stockpile. Approximately 800 strategic nuclear weapons were added to
the US stockpile as a result of the commissioning of two Trident sub-
marines and the activation of two more air-launched cruise missile
(ALCM)-equipped B-52 bomber squadrons. The Soviet Union also
appears to have virtually completed the MIRVing of its intercontinental
ballistic missile (ICBM) force, resulting in at least a fourfold increase
in strategic warheads since the late 1970s, while actively pursuing
the deployment of a number of shorter-range nuclear systems. Both the
United States and the Soviet Union also deployed their first modern
long-range sea-launched cruise missiles (SLCMs) (see section V).
Whereas in 1983 the focus was on key decisions and milestones in the
modernization of offensive nuclear forces (e.g., the Scowcroft Com-
mission report on ICBM modernization, and the initial deployment of
Pershing II and ground-launched cruise missiles (GLCMs) in Europe;
see SIPRI Yearbook 1984, chapter 1), 1984 was dominated by discus-
sions relating to President Reagan’s Strategic Defense Initiative (SDI).
Indeed, as the United States and the Soviet Union manoeuvred towards
one another to try and find a way to resume arms negotiations, SDI
replaced the Pershing II missile as the main Soviet focus and obstacle.
The SDI programme (and ideology) is extraordinarily radical. It is
beginning to force open a debate about the fundamental structure and
relationship of US and Soviet nuclear forces and doctrines. Depending
on how much the plans will be translated into actual systems, it either
redefines or overthrows the fact of mutual deterrence. President
Reagan and other SDI supporters have claimed that strategic defences
would provide an alternative to a Mutual Assured Destruction (MAD)
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doctrine. The FY 1984 Annual Report to Congress of the Secretary
of Defense reaffirmed the overall objectives of the ‘countervailing
strategy’ of the Carter Administration, but emphasized that
“deliberately designing weapons aimed at populations is neither
necessary nor sufficient for deterrence. If we are forced to retaliate and
can only respond by destroying population centers, we invite the
destruction of our own population. Such a deterrent strategy is hardly
likely to carry the conviction as a deterrent”.’

The Administration characterization of MAD serves to justify not
only new counterforce weapons but SDI as well. But as a number of
strategic experts wrote in Scientific American, MAD “is not a policy or
a doctrine but rather a fact of life. It simply descended like a medieval
plague—a seemingly inevitable consequence of the enormous destruc-
tive power of nuclear weapons, of rockets that could hurl them across
almost half of the globe in 30 minutes and of the importance of
political institutions in the face of such momentous technological
innovations”.?

Although the SDI programme did not become a major issue in the
US presidential campaign of 1984, arms control and defence analysts
are lining up in support of or opposition to the proposed programme. >
The attention focused on SDI by the Soviet Union has also coincided
with Administration arguments that it was the fear of ‘Star Wars’ and
the strategic offensive build-up that brought the Soviets back to the
negotiating table. The reality is certainly more complex.*

While the superpowers were expanding their offensive arsenals and
preparing for new defensive programmes, the smaller nuclear powers
were also upgrading their nuclear forces (see section IV). France is
planning to add its first MIRVed submarine-launched ballistic missile
(SLBM) system in early 1985, while Britain is moving forward with
Tornado deployments and Trident II preparations. China is also
preparing for its first operational ballistic-missile submarine (SSBN)
system.

II. US nuclear weapon programmes

Technical and quantitative developments during 1984 were secondary
to the fundamental changes in Western public opinion concerning
the superpower relationship. In 1980 the public perception was, rightly
or wrongly, that the United States was lagging behind the Soviet Union
militarily. By 1984 much of Western public opinion subscribed to the
belief that US strength had been regained.’ President Reagan asserted
that “America is back—standing tall”. A steady stream of statements
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were made that created this new perception although they little cor-
responded to the numerical tables commonly consulted to determine
the ‘military balance’. To an interviewer’s question in January 1984
about evidence of the President’s claim that the world was a safer place
as a result of his policies, Mr Reagan answered, “we have a deterrent
capacity we didn’t have three years ago”.® In March 1984 he said, “I
think that there is less tension today and less threat and danger with the
rebuilding that we have done that makes us more secure than there was
earlier when our defense was so lax that there was a window of
vulnerability”.” Assistant Secretary of State Richard Burt put this
dimension of the arms race well when he said, “The strategic nuclear
balance is what the world understands as to who’s ahead. It is a
psychological as much as a hardware dimension. And in terms of
deterrence, it does not matter if the difference is psychological or

not” 8

The nuclear weapon budget

While deliberations on the FY 1985 budget were taking place (see
chapter 7, section III), the vigorous programmes to modernize and
increase the size and capability of the US nuclear arsenal continued.
During 1984 sustained increases occurred, especially in the strategic
stockpile. Approximately 800 strategic weapons were added as a result
of two Trident submarines and two ALCM-equipped B-52 squadrons
becoming operational. The budget for future nuclear weapons con-
tinued to rise at a faster rate than the total military budget. There is no
convenient figure that specifies how much the United States annually
spends on nuclear weapons. For the first time the Administration did
present a figure of $50.3 billion,® which it said was approximately 15
per cent of the National Defense Budget. It is difficult to assess the
validity of the figure because there was no explanation of how it was
computed. Other estimates put the figure in the 21-22 per cent range.

Two measures that can be used to compute increases in spending for
nuclear weapons are the Department of Energy’s (DoE) budget for
nuclear weapons and the strategic forces programme of the Department
of Defense (DoD) budget. Reagan has increased the former budget by
105 per cent since FY 1981 and the latter by over 150 per cent.

ICBMs

The year saw little change in the land-based missile force (see table 1.1).
Ten Titan II missiles were deactivated, reducing the number of these
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Table 1.1. US strategic nuclear forces, 1985

Weapon system

SE6T Y00QDaX THdIS

Year Range Warheads x Warhead Number in

Delivery system Type No. deployed deployed (km) yield type stockpile
Land-based missiles Minuteman II 450 1966 11 300 1 x1.2Mt W-56 480
Minuteman III 550 1970 13 000 3x 170 kt/ W-62 825
335 kt W-78 1 000
Titan II 30 1963 15 000 1 X9 Mt w-53 50
. Submarine-based missiles Poseidon 304 1971 4 600 10 X 40 kt W-68 3300
i ‘ Trident I 312 1979 7 400 8 x 100 kt W-76 3 000
B-52G/H 263 1955 16 000 8-24¢ 4 4733
FB-111 61 1969 4700 6 “ 360

Aerial refuellers KC-135 615 1957 — — — —

? Bomber weapons include five different nuclear bomb designs with yields from 70 kt to 9 Mt, air-launched cruise missiles (ALCMs) with a yield of 200 kt, and
short-range attack missiles (SRAMs) with a yield of 200 kt. FB-111s do not carry ALCMs or the 9-Mt bomb.

Sources: Cochran, T. B., Arkin, W. M. and Hoenig, M. H., Nuclear Weapons Databook, Volume 1: US Forces and Capabilities (Ballinger, Cambridge, Mass.,

1984), updated in Bulletin of the Atomic Scientists, August/September 1984.
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missiles to 30. There was no change in the 450 Minuteman IIs or the
550 Minuteman IIIs. The Pentagon continued to implement the three
major recommendations proposed by the Scowcroft Commission.

The first was to deploy 100 MX/Peacekeeper missiles: 69 in existing
Minuteman silos in eastern Wyoming and 31 in western Nebraska. The
Administration requested $5 billion in its FY 1985 budget to buy 40 MX
missiles and continue research, development and construction funding
to meet an initial operating capability of 10 missiles on alert by
December 1986. As had been the case in 1982 and 1983, the MX proved
to be one of the most controversial issues with Congress. In two votes
in the Senate, it narrowly won (55 to 41 and 48 to 48) with the latter
tie broken by Vice-President Bush. In the House of Representatives,
the votes were 218 for and 212 against, and 197 for and 199 against.
In conference the two Houses compromised by producing a complex
formula for the MX. In the end, $1.5 billion to procure 21 missiles was
withheld until after 1 March 1985, pending satisfaction of three condi-
tions: (a) that the President submit a report to Congress addressing
several issues about the need for the MX; (&) that both Houses of
Congress pass jointly a resolution to authorize $1.5 billion for the MX;;
and (c) that both Houses pass jointly a resolution to appropriate
those same funds. By 29 March 1985 the Administration had won all
four votes.

According to the latest Pentagon estimates, the total cost of the
Peacekeeper missile will be $21.68 billion. This figure is somewhat
misleading in that it excludes another $4.2 billion spent from 1973 to
1982, when it was officially known as the MX. The figure also excludes
DoE warhead costs. Therefore, a more realistic estimate is $30 billion.

Three more research and development tests were conducted in 1984:
on 30 March, using 10 Mk 12A re-entry vehicles (RVs); on 15 June,
using 1 Mk 21 and 5 Mk 12A RVs; and on 1 October, using 6 Mk 21s.
The Air Force stated that MX tests achieved “tremendous accuracy”.'°
The CEP!! goal for the MX is half that of the Minuteman III, probably
of the order of 105—120 metres. The final 12 (of a total of 20) MX tests
planned will be from modified Minuteman silos at Vandenberg Air
Force Base in California.

Midgetman

The second Scowcroft Commission recommendation concerning
ICBMs was to begin engineering design of a small, single-warhead
missile (SICBM) to be on alert by 1992. The current concept is a missile
of not more than 15000 kg, 13 m long, with a range of 10000 km,
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deployed at up to 12 major military installations on mobile launchers
hardened to 30 psi (pounds per square inch). The baseline warhead and
re-entry vehicle would be the same as the MX (W-87 and Mk 21), giving
it similar hard-target accuracy using the Northrop lightweight advanced
inertial reference system (AIRS).

Congress appropriated $462 million for the small ICBM in FY 1985.
In December 1983, February 1984 and May 1984 the Air Force awarded
small ICBM contracts to competing corporations in the areas of
missiles (Boeing, General Dynamics, McDonnell Douglas and Martin
Marietta); propulsion systems (Aerojet General, Hercules, Morton
Thiokol and United Technologies Chemical Systems Division); hard
mobile launchers (Bell/Textron, Boeing, General Dynamics/Convair
and Martin Marietta); and guidance and control systems (Rockwell,
Autonetics, Litton, Honeywell and General Electric).

A test to measure how blast-resistant the mobile launchers might be
was conducted in October 1983 at White Sands Missile Range. Called
Direct Course, in the test 600 tons of high explosives were detonated
simulating the blast from a 1-kt nuclear explosion and its effects on
small scaled-down versions of Midgetman launchers. Other ex-
periments to determine the survivability of launchers were conducted at
Sandia Laboratories in New Mexico. One test included detonation of
up to half a ton of high explosives inside a new 155-m long, 6-m
diameter tube generating winds of up to 1760 kilometres per hour. 12

The number of small ICBM missiles has still not been decided upon.
Now that the Administration has won the MX vote, the Air Force may
propose deployment of only 400—500 of these small ICBMs, rather
than 1000 or more had the MX been defeated.

The third Scowcroft Commission recommendation was to conduct
technology programmes in the areas of silo hardening and deep basing.
The Pentagon requested almost $260 million for these programmes in
FY 1985. Some US scientists have concurrently revised their thinking
on how hard missile silos can be made. Using steel liners with concrete
and reinforced steel, Air Force and Defense Nuclear Agency officials
believe silos can be hardened to 20-25 times the 2 000-psi levels now
used in Minuteman silos. New experiments have also concluded that
craters produced by nuclear detonations may be smaller than was once
thought. Data from the Pacific tests conducted in wet soil showed that
nuclear explosions produced large saucer-type craters. Tests and
experiments conducted in loose, dry soil, more similar to where US
silos are based, produced smaller-diameter, soupbowl-like craters.

The Pentagon is pursuing a deep-basing programme with other
possible applications in addition to protection of missiles. Deep basing
is pursued to meet the requirements of Presidential Directive PD-59
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and National Security Decision Directive NSDD-13, which demand
long-term endurance of US strategic forces and a ‘strategic reserve’.

Supplementing the strategic efforts is a seven-year (fiscal years
1983—89) $1.3 billion set of research programmes known as the Advan-
ced Strategic Missile Systems (ASMS). In FY 1985 the Pentagon will
spend almost $100 million researching new penetration aids, defence
suppression and advanced re-entry systems.!* Research into guidance
improvements to further increase the accuracy of the Minuteman III
and Minuteman II missiles is also being pursued.

Strategic submarine programmes

During 1984 two more Trident submarines began their first patrols. By
the end of the year the force included 5 Trident and 31 Poseidon sub-
marines capable of firing 592 SLBMs and carrying 5 536 warheads.
From March 1983 to March 1984, ballistic-missile submarines con-
ducted 81 patrols. From the first patrol in November 1960 to 13 March
1984 the total number of patrols was 2 219,

The FY 1985 budget provided funds for the twelfth Ohio Class SSBN
and advanced funding for the thirteenth and fourteenth. During the
year, the Ohio (SSBN 726) and Michigan (SSBN 727) continued patrols
(from 1982 to 13 March 1984 they had completed seven between them);
the Florida (SSBN 728) and Georgia (SSBN 729) began patrols; and the
Henry M. Jackson (SSBN 732, ex-Rhode Island) was commissioned
(6 October). The Navy has not yet specified exactly how many Trident
submarines it wants, although a figure of 20-25 is often mentioned.

Unless arms control agreements require otherwise, the Navy plans to
retire 31 Lafayette/Franklin Class SSBNs between 1993 and 1999. The
most immediate issue must be decided before the seventh Trident
submarine, the Alaska (SSBN 734), goes on sea trials sometime in
September 1985.1° By then the USA will have 14 more than the
unratified SALT II limit of 1200 MIRVed-missile launchers. This
would bring up two crucial decisions for the Reagan Administration.
The first and most important would be whether to continue to “refrain
from actions which undercut” the SALT treaties “so long as the Soviet
Union shows equal restraint”, a statement made by President Reagan
on 31 May 1982 (see SIPRI Yearbook 1984, page 661). In a press con-
ference on 9 January 1985, the President indicated in the strongest
language so far that the policy would continue. If it is decided to keep
under the limit, then the Pentagon could dismantle either a Lafayette
Class Poseidon submarine (16 launch tubes) or 14 Minuteman III silos
or implement some other solution. The problem will persist with sea
trials of the eighth submarine, the Nevada (SSBN 735), in May 1986
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and the sea trials of each subsequent submarine. A Congressional
resolution in 1984 was introduced to continue the ‘no undercut’ policy
and reports were required of the Pentagon to clarify its policy.'®

Because the Navy accelerated the introduction of the Trident II
missiles to be put on the ninth submarine instead of the eleventh, it
terminated purchase of Trident I (C-4) SLBMs in 1984. The current
plan is to buy 570 Trident Is (plus 25 for research and development) for
12 retrofitted Poseidon submarines and the first eight Trident hulls. As
of 13 March 1984 398 missiles had been delivered.'’

The Navy requested over $2.2 billion in the FY 1985 budget for
research for the Trident II SLBM, with which it plans eventually to arm
all Trident submarines. Unlike the MX, which has garnered headlines
and controversy, a notable feature of the Trident II is the apparent lack
of concern about a weapon system that is more strategically significant
and more expensive than the MX. If and when it is fully deployed, the
MX would include 100 missiles carrying 1000 warheads. An eventual
force of 25 Trident submarines will carry 600 Trident II missiles with
some 4 800 warheads. Though slightly less accurate than that of the
MX, Trident II’s planned higher yield warhead (475 kt vs 300 kt) will
give it a hard-target kill capability nearly equal to that of the MX. The
Trident programme also promises to be the most expensive US nuclear
weapon system. Counting all parts of the programme, a force of 20 will
cost over $100 billion; a force of 25, some $120 billion.

Strategic bomber programmes

The number of strategic bombers remained approximately the same in
1984, although the number of deliverable weapons increased with the
addition of two ALCM-equipped B-52G squadrons. On 1 January 1985
there were 167 B-52Gs, 96 B-52Hs and 61 FB-111s. Several B-1B
milestones occurred in 1984, and more concrete plans were known.
On 1 February 1984, future B-1B bases were announced. Between
September 1986 and June 1988, five squadrons of B-1Bs will be ac-
tivated at Dyess AFB, Texas; Ellsworth AFB, South Dakota; Grand
Forks AFB, North Dakota; and McConnell AFB, Kansas. Dyess AFB
will get the first of 26 aircraft in June 1985 and will become the training
base. Ellsworth AFB will receive two squadrons (32 aircraft) between
January and September 1987. Grand Forks AFB will receive one
squadron (16 aircraft) between September 1987 and January 1988, and
McConnell AFB will receive 16 aircraft between February 1988 and
June 1988.

In 1984 Congress appropriated $7 billion for 34 more B-1B aircraft,
bringing the total number of aircraft purchased to date to 52. The final
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48 aircraft will be requested in the FY 1986 budget. Concern has been
expressed over the economic impact of stopping the enormous produc-
tion complex that makes the B-1B. With over 5000 subcontractors in
48 states and no more purchases planned beyond FY 1986, there is
speculation that the Air Force might ask for more than 100 B-1Bs.

The rollout of the first B-1B occurred at the Rockwell factory in
Palmdale, California, on 4 September 1984, five months ahead of
schedule. The first B-1B bomber successfully completed a 3 h 10 min
maiden flight on 18 October.

Bomber weapons—including the short-range attack missile (SRAM),
the ALCM and bombs—are also undergoing modernization. In 1984
the fifth operational ALCM-equipped B-52 squadron was deployed.
Production of the ALCM, however, is nearing termination at 1 739
missiles as interest shifts to the Advanced Cruise Missile (ACM) with
its longer range, higher speed and lower radar signature. The ACM will
eventually arm the B-1B bomber force. An intercontinental cruise
missile with a 9 600—12 800-km range is also under development.'® A
replacement for the SRAM, called the Advanced Air-to-Surface Missile
(AASM), is also under development. A new nuclear bomb, the B-83,
entered the bomber force in 1984 and will eventually replace the older
high-yield B-28, B-43 and B-53 bombs.

Theatre nuclear forces

After the extraordinary attention surrounding the ground-launched
cruise missile and Pershing II in 1983, 1984 was relatively calm. Both
the GLCM and the Pershing II were introduced in Europe at a rate of
about one missile per week. No official announcements were made so
as not to arouse additional public furore or debate. By year’s end, 48
GLCMs were operational at Greenham Common in the UK!® and 32
at Comiso, Italy. In the Federal Republic of Germany, the number of
Pershing IIs had risen to 54 by then. The first battalion of 36 missiles
with four batteries was completed at Schwibisch Gmiind. Eighteen
more missiles at Heilbronn and Neu Ulm were activated.?® The
remainder are scheduled for deployment by December 1985.

Sixteen cruise missiles have been deployed at Florennes, Belgium.
Although the exact timetable for cruise missile deployment has not
been made public and may be subject to political alterations, the
following schedules are planned:

Greenham Common, UK 96 between December 1983 and December
1985
Comiso, Italy 112 between March 1984 and early 1987
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Table 1.2. US theatre nuclear forces, 1985

Weapon system

Year Range Warheads x Warhead Number in
Delivery system Type No. deployed deployed (km) yield type stockpile
Aircraft 4 2000 — 1060 — 1-3 x bombs a 2800
2400

Land-based missiles Pershing 11 54 1983 1790 1% 0.3—-80 kt W-85 54
GLCM 80 1983 2500 1 x0.2-150 kt W-84 100
Pershing la 144 1962 740 1 X 60—400 kt W-50 280
Lance 100 1972 125 1% 1-100 kt W-70 1282
Honest John 24 1954 38 1x1-20 kt W-31 200
Nike Hercules 200 1958 160 1x1-20kt Ww-31 500

Artillery® b 4300 1956 30 1x0.1-12 kt b 2422

Atomic demolition Medium/special 610 1964 — 1x0.01-15 kt W-45/54 610

mines
Naval systems
Carrier aircraft ¢ 900 550— 1-2 X bombs ¢ 1000
1800

Land-attack SLCMs Tomahawk 50 1984 2500 1 x5-150 kt W-80 50

ASW systems ASROC n.a. 1961 10 1x5-10kt W-44 574
SUBROC n.a. 1965 60 1 x5-10 kt W-55 285
P-3/8-3/SH-3 630 1964 2500 1 x <20kt B-57 897

Ship-to-air missiles Terrier n.a. 1956 35 1 x1kt W-45 100

¢ Aircraft include Air Force F-4, F-16 and F-111, and NATO F-16, F-100, F-104 and Tornado. Bombs include four types with yields from sub-kt to 1.45 Mt.
% There are two types of nuclear artillery (155-mm and 203-mm) with three different warheads: a 0.1-kt W-48, 155-mm shell; a 1-12-kt W-33, 203-mm shell; and
a 1-kt W-79, enhanced-radiation, 203-mm shell.

¢ Aircraft include Navy A-6, A-7, F/A-18 and Marine Corps A-4, A-6 and AV-8B. Bombs include three types with yields from 20 kt to 1 Mt.

Sources: Cochran, T. B., Arkin, W. M. and Hoenig, M. H., Nuclear Weapons Databook, Volume 1: US Forces and Capabilities (Ballinger, Cambridge, Mass.,

1984), updated in Bulletin of the Atomic Scientists, August/September 1984.
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Florennes, Belgium 48 between March 1985and December 1987

Hasselbach, FR Germany 96 between June 1986 and June 1988

Woensdrecht, Netherlands 48 between December 1986 and June 1988

Molesworth, UK 64 between September 1987 and December
1988

In the Netherlands the final government decision on deployment was
again delayed until November 1985. The nuclear-armed Tomahawk
sea-launched cruise missile was first deployed in June 1984 (see section
V).

A number of other important developments concerning lesser known
weapons occurred during 1984 (see table 1.2). The October 1983 NATO
Ministers’ meeting in Montebello, Canada, called for the withdrawal of

Table 1.3. US European nuclear modernization, 1985-92

Weapon system

(warhead) As of 1985 Withdrawals” As of 1992
Stored in Europe

Pershing II 54 0 108
Pershing la 231 131 100
Ground-launched CM 100 0 464
Bombs 1730 0 1730
Lance 690 0 690
Honest John 190 190 0
Nike Hercules 680 680 0
8-inch (W-33) 930 500 430
8-inch (W-79) 0 0 200°
155-mm (W-48) 730 350 380
155-mm (W-82) 0 0 100
Atomic demolition mines 370 370 0
Depth bombs 190 0 190
Total in Europe 5895 2221 4392
Committed to Europe

Poseidon 400 0 400
Carrier bombs 360 0 500
Bombs 600 0 800
Depth bombs 140 0 140
Lance 380 0 380
8-inch (W-79) 200 0 200
Total committed 2080 0 2420
Total 7975 2221 6812

¢ Withdrawals in accordance with the modernization decision of 1979 (equal withdrawals for
deployments); the Montebello decision of 1983 (1400 additional withdrawals); and (other)
anticipated changes in artillery stockpiles.

% Deployment of non-enhanced radiation warheads in Europe.

¢ Warheads committed by Europe or planned for storage in Europe (does not include tactical
naval nuclear weapons).

Source: Authors’ estimates.
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Table 1.4. Major US nuclear weapon system programmes

Total Spent Requested Proposed  Unit Estimated
no. to First by funding funding cost total

Weapon be pro- year FY 1986 FY 1986 Number FY 1987 FY 1986 cost®

system duced operational ($ bn) (% bn) requested (3 bn) ($ mn) ($ bn) Comments

MX missile 223 1986 13.1° 4.0 48 3.2 116 25.9 100 deployed by 1989

Trident submarine  20-25 1982 16.8 2.0 1 1.8¢ 1600 31-39 Cost for first 16 subs: $25.1 bn

Trident 1 595 1979 8.1 0.066 0 0.047 19 11.2 For 12 Poseidon and 8 Trident,
211 tests and spares

Trident 11 764 1989 4.4 2.7 0 3.6 49 37.4 For 16 subs; for 20-25, cost
would be $42—-48 bn

B-1B 100 1986 26.4 6.0 48 0.136 400 40 90 operational aircraft

Stealth 132 1990s d 0.80 0 2.272 ? 40-50? One estimate $6.3 bn for FY 84—88

B-52 modifications 263 Ongoing 3.3 0.480 — 0.805 20 each 5.8 Radar, engines, avionics

ALCM 1739 1982 4.1 0.049 0 0.037 2.5 4.5 Production stopped

GLCM 565 1983 2.8 0.620 95 0.243¢ 6.5 3.7

SLCM 4068 1984 33 0.849 249 1 3.2 13.0 758 nuclear versions

Advanced 2600 1988 ? ? 0 ? 5-7 7.0 Figures are estimates

cruise missile
Pershing II 325 1983 2.2 0.335 70 0.007 7.0 2.9
Midgetman 1000 1992 .807 0.625 0 ? 38-70 38-70 20-year cost could be $107 bn

9 Does not include DoE costs for nuclear warheads and bombs which normally are an additional 10—-20 per cent of the weapon system cost.
% Does not include $1.5 billion for 21 missiles in FY 1985 budget pending Congressional vote.

¢ Does not include military construction funds.

4 Partial figures first available in FY 1986 budget request are not comprehensive.

Source: FY 1986 Defense budget requests to Congress.
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1400 nuclear warheads from Europe as part of the compensation
for long-range modernization, but also approved the modernization
of short-range nuclear forces (see table 1.3). The most controversial
programme of this modernization is nuclear artillery, which is
going to move forward under complicated Congressional guidelines:
(a) no more than 925 new artillery projectiles can be produced;
(b) the military must determine the mix of 155-mm and 203-mm shells
within this ceiling; (¢) no new enhanced radiation warheads can be
built; and (d) the cost of the overall programme cannot exceed $1.2
billion. 2!

Other theatre weapons include the B-61 nuclear bomb, which
continues in production, arming new US and NATO F-16 and Tornado
aircraft in Europe. According to the Army, investigations have also
begun on the possibility of “a modernized mid-range replacement or
modification to Lance, and perhaps a standoff air-delivered weapon”.?
A standoff replacement for the B-57 nuclear depth bomb is also under
development, as is a nuclear warhead for a naval air-to-air missile.

Congressional control of nuclear programmes

The second session of the 98th Congress continued a pattern of active
participation in exercising oversight responsibilities in military pro-
grammes in general and nuclear weapons and arms control issues in
particular. It did this through its regular and special hearings and
resolutions and by requesting detailed reports and actions from the
Pentagon.

An increasingly frequent device to help Congress fulfil its oversight
responsibilities is to request reports from the executive branch of the
government. Language in the FY 1985 bills demanded various reports
and actions that will be due during the year. Among the more signi-
ficant in the area of nuclear weapons and arms control are the
following:

1. A report from the President on the need for the MX missile, due
on 1 March 1985.

2. The survivability of the US strategic nuclear ballistic missile sub-
marine force, due on 1 April 1985.

3. A spring 1985 presidential report on anti-satellite (ASAT)
weapons certifying that the USA is seeking to negotiate a mutual,
verifiable agreement with the USSR on ASAT weapons, that renewed
ASAT tests are necessary and will not impair negotiations, and
that such tests are consistent with the Anti-Ballistic Missile (ABM)
Treaty.
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4. The arms control methods which might make it possible to verify
the difference between conventionally armed sea-launched cruise
missiles and those armed with nuclear warheads (due on 15 March
1985).

5. Strategic Defense Initiative programmes, due each fiscal year
from FY 1986 to FY 1990, with budget presentation materials. Major
parts of the report shall include details of the programmes, definition
of objectives, the status of consultations with allies, and statement of
anticipated impact on the ABM Treaty.

6. Theatre nuclear weapons and force structure, due on 19 January
1985. The report will address specific issues on how to reduce pressures
for early-first-use of NATO tactical nuclear weapons and how to make
the arsenal more stable and credible.

7. Withdrawal of tactical nuclear warheads from Europe, due 90
days after the final decision is made regarding implementation of the
NATO Montebello decision of 17 October 1983. The report shall
specify the types, numbers and rationale for the particular warheads
chosen for withdrawal.

8. US counterforce capability, due on 15 April 1985. The. report
shall discuss the required strategic counterforce capability consistent
with existing US policy.

9. Transmittal to Congress of the General Advisory Committee
Report on Soviet Compliance with Arms Control Agreements,
occurred in October 1984,

10. Nuclear Winter findings and policy implications, due on 1 March
1985. The report shall include: (@) a detailed review and assessment of
the current scientific studies and findings on the atmospheric, climatic,
environmental and biological consequences of nuclear explosions and
nuclear exchanges; (b) a thorough evaluation of the implications that
such studies and findings have on strategy, targeting, planning, com-
mand, control, procurement, deployment, arms control and civil
defence policy; and (c¢) an analysis of the extent to which current
scientific findings on the consequences of nuclear explosions are being
studied, disseminated and used in the Soviet Union.

11. Findings regarding Soviet adherence to the ‘no undercut’ policy,
due on 15 February 1985.

12. The implications of the USS Alaska’s sea trials for the US ‘no
undercut’ policy, due on 1 June 1985.

13. Report of a Blue Ribbon Task Group to the President and Con-
gress on how to make the research, development, testing, production,
surveillance and retirement of nuclear weapons more cost-effective, due
in mid-June 1985.%}
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The Strategic Defense Initiative

President Reagan’s Strategic Defense Initiative (SDI) or ‘Star Wars’
proposal was debated widely in 1984 and by year’s end became
entwined with a range of issues from the fundamentals of US strategic
doctrine to arms control. On 6 January President Reagan signed
National Security Decision Directive 119, which set into motion an
accelerated research programme for strategic defences. The FY 1985
military budget which soon followed provided details. Envisioned in
the near term was a $26 billion effort for the fiscal years 1985—89. Ex-
isting anti-ballistic missile (ABM) and new SDI research was reorgan-
ized into five major technical areas. The FY 1985 budget request was
almost $2 billion: $1.78 billion for the DoD and $210 million for the
DoE. Congress cut the DoD funding by almost $380 million.

Throughout the spring and summer Congress held an extensive set of
hearings on SDI.?* Pentagon, Congressional and private research
organizations also focused on the feasibility of an SDI programme. The
Scowcroft Commission report in March 1984 concluded that “strategic
implications of ballistic missile defense and the criticality of the ABM
Treaty to further arms control agreements dictate extreme caution in
proceeding to engineering development in this sensitive area”.?® The
Office of Technology Assessment released a background paper on 24
April which concluded: “The prospect that emerging ‘Star Wars’
technologies, when further developed, will provide a perfect or near-
perfect defense system, literally removing from the hands of the Soviet
Union the ability to do socially mortal damage to the United States with
nuclear weapons, is so remote that it should not serve as the basis of
pubic expectation or national policy about ballistic missile defense”.*¢
The Congressional Budget Office released a report on 23 May 1984
entitled Analysis of the Costs of the Administration’s Strategic Defense
Initiative, 1985—1989, which concluded that SDI cost estimates were
dependent on how comprehensively or narrowly defence is defined.
Details of the 1983 Fletcher Commission and Hoffman Commission
reports were also released in 1984.%7

The SDI debate intensified as more and more former government
officials, scientists, defence intellectuals and arms control proponents
contributed their views. Former Secretary of Defense James Schles-
inger attacked the Star Wars plans, estimating that the cost would be
at least $1 trillion and saying, “There is no serious likelihood of remov-
ing the nuclear threat from our cities in our lifetime or in the lifetime
of our children”.?® McGeorge Bundy, George F. Kennan, Robert S.
McNamara and Gerard Smith struck again with another Foreign
Affairs article entitled “The President’s choice: Star Wars or arms
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control” (Winter 1984—85). Former Secretary of Defense Harold Brown
said that “technology does not offer even a reasonable prospect of
a successful population defense”, even at a cost of $1 trillion. He called
on President Reagan to give up the ambitious project and “publicly
acknowledge that there is no realistic prospect for a successful popula-
tion defense certainly for many decades and probably never”.?®

More unclear at the end of the year than at the beginning were the
official goals for the scope of strategic defences. Although it was
originally intended to be a comprehensive population/city defence,
some talked as if it might only defend missile fields and facilities.
Whether for technological, financial or strategic reasons, evidence
emerged in 1984 suggesting that civilian and military officials were
quietly scaling back the goals of the programme.®® Congressional
scepticism also grew, and the prospects of crushing deficits looming
over the budget may ensure that the high price tag of $4 billion in FY
1986 will be reduced. The sensitive point of protection of allies caused
critical reactions and some suspicion from French, British and West
German leaders during the year. !

II1. Soviet nuclear weapon programmes

Virtually every official and private analysis of the nuclear ‘balance’
between the United States and the Soviet Union made since the late
1960s has pointed out that, while the USSR has more nuclear delivery
vehicles than the USA, the United States has more warheads than the
Soviet Union. In spring 1984, US officials, including the President, in-
dicated that the Soviet Union had surpassed the USA in the size of its
nuclear arsenal and indeed had a numerical warhead advantage of some
25 per cent.’? According to charts presented by US officials in
testimony before Congress for the FY 1985 budget, the Soviet nuclear
arsenal is considerably higher than the US peak of about 31000
warheads in 1967. The charts portrayed the total Soviet arsenal surpass-
ing that of the USA sometime in the mid-1970s. 3

This new analysis of the military balance could have a significant
impact on the politics of weapon procurement, the formulation of arms
control stances and the battle for public opinion. These estimates, it
should nevertheless be noted, are equivocal and may be the product of
inflationary assumptions and generous arms control counting rules.?*
Given the lack of public knowledge about the accuracy of US intelli-
gence estimates in this obscure area, it is difficult to determine at this
time the exact size of the Soviet nuclear arsenal and thus to judge the
veracity of US government figures on the overall number of warheads.
If a ‘warhead gap’ exists, it has little military significance, given that
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both the USA and the USSR have a full range of accurate and reliable
strategic and theatre nuclear weapon systems in great numbers.
Nonetheless it appears that the intention of the US government’s
analysis of the Soviet stockpile size is to stimulate Congressional and
public support for US nuclear programmes.

Soviet strategic nuclear forces

The Soviet Union’s land-based ICBM force remained at 1398 missiles
during 1984 and was armed with more than 6 000 warheads (see table
1.5). The warheads continued to account for about 70 per cent of the
strategic nuclear arsenal.® It is now presumed by the US Defense
Department that all 150 SS-17s, 308 SS-18s and 360 SS-19s carry
multiple independently targetable re-entry vehicles (MIRVs), although
some single-warhead SS-17 and SS-19 missiles may still be deployed.
One additional modification each for the SS-18 and SS-19 missiles is
expected, though tests have not yet taken place. At least one
and possibly two new types of solid-fuelled ICBMs—the medium-
sized SS-X-24 with 10 MIRV warheads (a modification/replacement
of the SS-17) and the small-sized single-warhead SS-X-25 (a modi-
fication/replacement of the SS-13)—were first tested in 1982 and 1983,
respectively. Deployment and flight-testing of both missiles continued
in 1984.3¢ It has been suggested that site preparation for and possible
deployment of the SS-X-25 have taken place in both mobile and
silo modes at former SS-7 and SS-8 missile sites and the existing SS-13
silos.?” The motors for two other ICBMs—the solid-fuelled, MIR Ved
SS-X-26 reported to be an improvement over the SS-X-24, and a large,
liquid-fuelled follow-on to the SS-18 called the SS-X-27—were also
reported to be undergoing testing, with flight tests possibly to take place
in 1985 or 1986.3%

The future size and type breakdown of the land-based missile force
depends greatly upon whether the USSR intends to continue to comply
with the SALT II Treaty. Continued verified adherence would permit
virtually no increase in force levels and only modest increases in
capabilities, while circumvention of the constraints of arms control
could bring exponential improvements in both quality and quanitity of
Soviet land-based ICBM forces.

The present force of strategic ballistic-missile submarines includes 64
boats, 62 of which are ‘modern’ nuclear-powered types (SSBNs) and
carry 936 SLBMs armed with approximately 2 100 warheads, or about
30 per cent of the overall strategic arsenal.>® An additional 14 older
submarines with 42 SLBMs are assigned theatre missions. The first two
Typhoon Class submarines with the SS-N-20 SLBM are now in service
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Table 1.5. Soviet strategic nuclear forces, 1985

Weapon system

Year Range Warheads x Number in
Delivery system Type No. deployed deployed (km) yield stockpile?®
Land-based missiles SS-11 Mod 1° 520 1966 11000 1x1Mt 640—1280
Mod 2/3 1973 3 x 250-350 kt (MRYV)
SS-13 Mod 2 60 1972 9400 1 x 600—750 kt 60—120
SS-17 Mod 3¢ 150 1979 10000 4 x 750 kt 600—1200
SS-18 Mod 4 308 1979 11000 10 x 550 kt 3080-6160
$S-19 Mod 3¢ 360 1979 10000 6 % 550 kt 2160-4320
Submarine-based missiles SS-N-5 42 1963 1400 1x 1Mt 42—-60
SS-N-6 Mod 1/2 336 1967 2400 1x1Mt 336-672
Mod 3 1973 3000 2 % 200350 kt (MRV)
SS-N-8 292 1973 7 800 1 x 800 kt—1 Mt 292584
SS-N-17 12 1977 3900 1x1Mt 12-24
SS-N-18 Mod 1/3 224 1978 6500 3-7 x 200—500 kt 6722510
Mod 2 1978 8000 1 % 450 kt-1 Mt
SS-N-20 60 1983 8300 6—9 x 350—500 kt 360-432
@ Mya-4 Bison 45 1956 8000 2 X bombs 90-180
Tu-95 Bear 120 1956 8300 2 %X bombs and ASMs 366812
Tu-22M Backfire 130 1974 5500 2 X bombs and ASMs 390-780
Aerial refuellers € 125 — — — —
ABMs Galosh 32 1964 750 1 x3-5Mt 32-64

¢ Warheads represent low and high estimates of possible force loadings (including reloads).

& Approximately 100 Mod 1 with one warhead, 360 Mod 2, and 60 Mod 3 are deployed.
¢ Some SS-17 Mod 2 missiles with one warhead may also be deployed.
4 Some SS-19 Mod 2 missiles with one warhead may also be deployed.
¢ Includes Badger and Bison A bomber converted for aerial refuelling.

Sources: Authors’ estimates derived from: Arkin, W. M. and Sands, J. 1., “The Soviet Nuclear Stockpile,” Arms Control Today June 1984, pp. 1-7; Department
of Defense, Soviet Military Power, 1st, 2nd, 3rd eds; NATO, ‘NATO-Warsaw Pact Force Comparisons, 1st, 2nd eds.; Berman, R. P. and Baker, J. C., Soviet
Strategic Forces: Requirements and Responses (Brookings Institution, Washington, D.C., 1982); Defense Intelligence Agency, Unclassified Communist Naval
Orders of Battle, DDB-1200-124-84, May 1984.
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with the Northern Fleet, with another on sea trials and at least two
more probably under construction and two more planned.“® Addi-
tionally, the SS-NX-23, a new liquid-propelled SLBM with improved
accuracy, better reliability and increased MIRYV capabilities, continued
flight-testing in 1984. It will be initially deployed in the near term on
a new class of strategic-missile submarine, the Delta IV, and is expected
to replace the SS-N-18 on Delta III submarines.*! A second new SLBM
is also believed to be in the research and development phase; together
with the SS-NX-23, it could result in true counterforce capabilities in
the sea-based missile force.*? These programmes indicate a clear inten-
tion to increase the portion of future intercontinental strike forces at
sea. Modernization of sea-based systems within SALT restrictions can
take place with continued dismantling of older Yankee Class sub-
marines. Without SALT restrictions, a significant expansion of sea-
based forces would be possible, including deployments of additional
MIRVed sea-based missiles as follow-ons to the SS-N-20 and SS-N-23
(otherwise restricted by SALT).

Soviet long-range bomber assets include some 165 Bear and Bison
bombers capable of delivering gravity bombs and air-to-surface
missiles (ASMs). A new variant of the Bear bomber entered production
in late 1983, designated Bear H by US intelligence, with some 20 now
in service.*® This bomber carries the new long-range ALCM, the
AS-15, which is now operational in small numbers and provides much
greater range and improved accuracy over older ASMs. The deploy-
ment of the Bear H, with the AS-15 missile, is advancing more rapidly
than the US intelligence community expected. ** Several older Bear B/C
bombers have been modified to carry the AS-4 instead of the AS-3
ASM and are now designated Bear G. All 69 of these aircraft will
probably be reconfigured in the future to carry the AS-4 or the long-
range AS-15. The new Blackjack A bomber is also likely to carry the
AS-15 as well as bombs and will replace the Bison and the Bear A
gravity bombers. During 1984, Blackjack continued in testing and will
probably be operationally deployed in 1985 or 1986.

Improvements in strategic nuclear defence also occurred in 1984,
with continued development of a replacement system for the ABM-1B
Galosh ABM system. It is also believed that the SA-5, the SA-10 (which
is deployed at fixed sites and is beginning deployment in a mobile mode)
and the new SA-X-12 may have strategic defence applications. It is not
known whether these systems can carry nuclear warheads.

Theatre nuclear weapon systems

The across-the-board build-up of Soviet theatre nuclear forces also
continued during 1984 (see table 1.6). Seven land-based missiles and
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Table 1.6. Soviet theatre nuclear forces, 1985

Weapon system Year Range Warheads x Number in
Delivery systems Type No. deployed deployed (km) yield stockpile®
Aircraft Tu-16 Badger 316 1955 4800 2 X bombs and ASMs 632
Tu-22 Blinder 139 1962 2200 1 X bombs or ASMs 139
Tactical aircraft? 2545 — 700—1000 1-2 X bombs 2545
Land-based missiles SS-20 396¢ 1977 5000 3x 150 kt 2376
SS-4 224 1959 2000 I1x1Mt 224
SS-12 120 1969 800 1 x 200 kt—1 Mt 120
§S-22 100 1979 900 Ix1Mt 100
Scud B 570 1965 280 1 x 100-500 kt 1140
$S-23 48 1982 350 1x 100 kt 48
Frog 620 1965 70 1 x 10-200 kt 2480
SS-21 120 1978 120 1 x20-100 kt 480
Ss-c-1B¢ 100 1962 450 1 X 50-200 kt 100
€ n.a. 1956 40-300 1 X low kt n.a.
Artillery 4 1080 1974 10-30 1 x low kt 1080
Atomic demolition mines n.a. n.a. n.a. — n.a. n.a.
Naval systems
Aircraft Tu-22M Backfire 105 1974 5500 2 X bombs or ASMs 210
Tu-16 Badger 240 1961 43800 1-2 X bombs or ASMs 480
Tu-22 Blinder 35 1962 2200 1 X bombs 35
ASW aircraft® 200 1 x depth bombs 200
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Anti-ship cruise missiles SS-N-3 336 1962 450 1 % 350 kt 336

SS-N-7 96 1968 56 1 x 200 kt 96

SS-N-9 200 1968 280 1 X200 kt 200

SS-N-12 136 1976 500 1x 350 kt 136

SS-N-19 88 1980 460 1 x 500 kt 88

SS-N-22 36 1981 110 1x?kt 36

ASW missiles and SS-N-14 310 1968 50 1 x low kt 310
torpedoes SS-N-15 76 1972 40 1x 10kt 76
SUW-N-1 10 1967 30 1x 5kt 10

Torpedoes n.a. 1957 16 1 x lowkt n.a.

Ship-to-air missiles SA-N-6 264 1977 55 1 x low kt 264

“ Estimates of total warheads are based on minimal loadings of delivery systems.

b Nuclear-capable tactical aircraft models include Su-24 Fencer, Su-17 Fitter, MiG-27 Flogger, MiG-21 Fishbed, Yak-28 Brewer, MiG-25 Foxbat and Su-25
Frogfoot.

¢ The Soviet Union denies that the figure is as high as this.

9 Land-based anti-ship missile.

¢ Land-based surface-to-air missiles. Nuclear-capable SAMs probably include SA-1, SA-2, SA-5 and SA-10.

f Artillery includes 152-mm towed and self-propelled guns and 180-mm, 203-mm and 240-mm calibres.

£ Includes Bear, Mail and May aircraft.

Sources: Arkin, W. M. and Sands, J. L., ‘The Soviet nuclear stockpile’, Arms Control Today, June 1984, pp. 1-7; Polmar, N., Guide to the Soviet Navy, 3rd
ed. (US Naval Institute, Annapolis, Md., 1983); Department of Defense, Soviet Military Power, 1st, 2nd, 3rd eds; NATO, NATO—Warsaw Pact Force Com-
parisons, 1st, 2nd eds; Defense Intelligence Agency, ‘A guide to foreign tactical nuclear weapon systems under the control of ground force commanders’,
DST-1040S-541-83 (secret, partially declassified), 9 September 1983; Statement of Rear Admiral John L. Butts, USN, Director of Naval Intelligence, before the
Seapower and Force Projection Subcommittee, Senate Armed Services Committee, 26 February 1985,
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artillery systems are currently being fielded, including additional
deployments of SS-20 missiles.

By the end of 1984, another two SS-20 bases were reported by NATO
to have reached operational status, bringing deployments of SS-20s to
a total of 396, a claim denied by the Soviet Union.** Nine additional
bases with nine launchers each are believed to be under construction.
These deployments, if true, will have an impact on the decision in the
Netherlands to move ahead with deployments of 48 GLCMs, a decision
planned for implementation by 1 November 1985.

Perhaps more significant than renewed SS-20 deployments are
deployments of Soviet operational-tactical and tactical nuclear weapon
systems in eastern Europe. The 900-km range SS-12 Scaleboard and its
replacement, the SS-22, are being forward-deployed in the German
Democratic Republic and Czechoslavakia, the first such deployment
for these long-range weapons, and the SS-22 is replacing SS-12 missiles
in the Soviet Army (but the SS-12 was never deployed outside the
USSR). Additionally, the SS-21 is replacing the Frog-7 at a rate of four
per month with Soviet forces, with conversion in the German
Democratic Republic and Czechoslovakia almost completed. The SS-23
is also replacing Scud B missiles with Soviet forces, although
deployments are at a slightly slower rate. Replacement systems for
SS-21, SS-22 and SS-23 missiles may also emerge from the Soviet
research, development, testing and evaluation (RDT&E) process over
the next two years. Finally, deployments of new 152-mm towed and
self-propelled guns and self-propelled howitzers, 203-mm self-
propelled howitzers, and 240-mm towed and self-propelled heavy
mortars have continued, and the older 152-mm howitzers are now
considered to be nuclear-capable.*’” A new version of the 152-mm
howitzer is also believed to be in development. 8

The Soviet Union has also continued development of its own ground-
launched cruise missiles. The SSC-X-4, which has been undergoing
tests since late 1981, may be ready for operational deployment in 1986.
With arange of about 3 000 km, the missile will most likely be used for
theatre missions. A larger, longer-range GLLCM, not yet designated,
may be ready for deployment by the late 1980s. This missile may have
strategic applications and a capability against hardened targets. Both
missiles may eventually be fitted with either nuclear or conventional
warheads.*’

The status of Soviet nuclear-capable aviation has remained roughly
stable, with some increases in the number of Tu-22M Backfire B
bombers and MiG-27 Flogger D/J and Su-24 Fencer A theatre nuclear-
capable aircraft. The annual production rate for the Backfire is now
assessed by US intelligence to be in excess of 30 per year, the produc-
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Table 1.7. Soviet nuclear weapon systems introduced or under development, 198185

Strategic Theatre/tactical

SS-18 Mod § SS-X-28 (replacement for SS-20)
$S-18 Mod 4 $S-21

S$S-X-24 $S-22

SS8-X-25 SS-23

SS-X-26 Replacement for SS-21
SS-X-27 Replacement for SS-22
SS-NX-23/Delta IV Replacement for SS-23
New undesignated SLBM SS-CX-4

Bear G MiG-27 Flogger J

Bear H/with AS-15 ALCM Su-25 Frogfoot
Blackjack A 152-mm howitzer M-1987
Backfire C SS-N-21

ABM-X-3 SS-N-22

Next-generation SLCM/GLCM

Sources: DoD, Soviet Military Power, 1984; Joint Economic Committee, Allocation of Resources
in the Soviet Union and China, 1983, Hearings, Part 9, pp. 202—-205.

tion rate pledged by the USSR during SALT II.>° The Su-25 Frogfoot
is now also believed to have the capability to deliver free-fall nuclear
bombs.>! '

The Soviet Navy also showed significant developments during 1984.
In April, a Soviet naval exercise in the northern Atlantic simulated a
NATO attack and Soviet response, with one large battle group led by
the Kirov Class from the Northern Fleet meeting two other battle
groups from the Baltic Fleet. The exercise included a surge of 20
submarines (including Delta Class strategic missile submarines) from
Northern Fleet bases, as well as participation by the first Oscar Class
cruise-missile submarine.** An explosion the following month at the
Severomorsk naval base destroyed a sizeable portion of replenishment
stocks for the fleet’s surface-to-air and cruise missiles. (Another explo-
sion at Bobruysk airfield at the same time destroyed several Badger air-
craft.) 1984 also saw the deployment of a second Kirov Class cruiser
(this one deployed with additional surface-to-air weaponry in place of
the SS-N-14 ASW missile), the conversion of the first Yankee Class
SSBN to carry cruise missiles, and deployments of the first Tomahawk-
like SS8-N-21 cruise missile aboard submarines (see section V).

Additional units of Kirov and Slava Class cruisers and Sovremennyy
and Udaloy Class destroyers are under construction, and US
photographic evidence of a large nuclear-powered aircraft carrier
capable of launching fixed-wing aircraft was published in the Western
press, providing the greatest detail of the scope of this programme.>?
Soviet submarines had problems in 1984, with a Victor I colliding with
the USS Kitty Hawk in March, another Victor I colliding with a Soviet
tanker ship in the Straits of Gibraltar in September, and the crippling
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of a Golf II submarine in the Sea of Japan the same month. The year
ended with an errant test of a submarine-launched cruise missile (a
hybrid of old vintages) which overflew Norwegian airspace before
crashing in Finland. The missile was unarmed, and the Soviet Union
officially apologized for the accident.

1V. Nuclear weapon programmes of other powers

The UK

Polaris A3-TK/Chevaline missiles continued to be deployed on Resolu-
tion Class strategic-missile submarines (see table 1.8). During 1984 the
second submarine was brought back into commission from overhaul
with the improved Chevaline ‘front end’ and warheads. All four of
Britain’s SSBNs are scheduled to be refitted with the Chevaline by
mid-1987. The Chevaline is thought to contain 2 MRV warheads, of
greater targeting flexibility and survivability than the Polaris, and is
thereby increasing both the range and the accuracy of the Polaris
missile.

As outlined in the British Defence White Paper, the government
remains committed to the Trident modernization programme.>* Major
orders were placed in 1984 for equipment for the Trident submarines.
Plans are well advanced for the new Trident shore facilities on the
Clyde Estuary, Scotland, and a comprehensive Environmental Impact
Assessment, a first for British defence-related projects, has been
submitted.

The Tornado dual-capable strike aircraft continues to be deployed
both in the UK and in FR Germany. Seven squadrons are at present
operational, with a total of 11 squadrons of 220 aircraft planned by
mid-1987. In early 1984 the first Tornado squadron became fully active
at RAF Laarbruch in FR Germany, the first permanent deployment
outside the UK. Eight squadrons are earmarked to be stationed in FR
Germany, four at Laarbruch and four at RAF Briiggen, replacing the
Buccaneer and Jaguar aircraft, respectively.

The Tornado programme will result in a vast increase in the capa-
bility of the British front-line nuclear strike attack force. The number
of Tornado aircraft planned almost doubles the combined number of
nuclear-capable Jaguar and Buccaneer aircraft deployed in FR
Germany. This would indicate that Britain will require a larger
stockpile of gravity bombs to arm these aircraft. The stockpile will
increase even further, however, since the aircraft withdrawn from FR
Germany may retain nuclear strike roles in the United Kingdom. After
return to the UK, some Buccaneers will be given maritime strike roles,
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Table 1.8. British nuclear forces, 1985

Weapon system

Year Range Warheads x No. in

Delivery system Type No. deployed deployed (km)© yield stockpile
Aircraft Buccaneer 52° 30 1962 1700 2 X bombs 60
Jaguar A 36 1973 1 400 1 X bombs 36
Tornado GR-1° 140 1982 1300 2 X bombs 280
Submarine-based Polaris A3 32 1968 4 600 3 % 200 kt 96
missiles Polaris A3-TK 32 1982 4700 2 x40 kt 64
Carrier aircraft Sea Harrier 30 1980 450 1 X bombs 30
ASW helicopters Sea King 69 1976 —_ 1 X depth bombs 69
Wasp 16 1963 — 1 x depth bombs 16
Lynx 35 1976 — 1 X depth bombs 35

?Some Buccaneer and Jaguar aircraft withdrawn from bases in FR Germany may be assigned nuclear roles in the UK.
5220 Tornado attack aircraft (GR1) are on order for the Royal Air Force and continue to replace Jaguar aircraft.
“Range for aircraft indicates combat radius.

Note: 34 Nimrod ASW aircraft, 12 Lance launchers and artillery guns are also certified to use US nuclear weapons.

Sources: Moore, J., ed., Jane’s Fighting Ships 1982—83, 1983—-84 (Jane’s, London, annual); Taylor, J. W. R., Jane’s All the World’s Aircraft, 1982—83, 1983—84
(Jane’s, London, annual); Beaver, P., The Encyclopaedia of the Modern Royal Navy (London, 1982); UK Ministry of Defence, Statement on the Defence
Estimates, 1980, 1981, 1982, 1983 and 1984 (HMSO, London, annual); Rogers, P., Guide to Nuclear Weapons 1984—85 (University of Bradford, Bradford, 1984);
UK, House of Commons, Defence Committee Report, Session 79/80, 23 July 1980.
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possibly with nuclear weapons (as are the Lossiemouth-based
Buccaneers). Some nuclear-capable Jaguars withdrawn from FR
Germany will also join the UK-based squadrons in a back-up role, but
their nuclear capability is unknown.

France

The MIRVed M-4 SLBM is due to enter service with the French
strategic submarine force in 1985 (see table 1.9). The M-4 will be first
deployed on the new SSBN, L ’Inflexible, and will then be backfitted on
all but the first SSBN, Le Redoutable, as part of an extensive retrofit
programme. The introduction of the six-warhead M-4 missile into the
French nuclear force will result in a large net increase in the number of
warheads: from 80 warheads in 1984 to 496 by 1993.

The M-4 missile is now in its qualification and acceptance phase,
after completing the last development test firing in February 1984.
Delivery of the TN-70 nuclear warhead for the M-4 began in July 1983
and development continues on the TN-71 warhead, to be fitted on M-4
missiles after 1987. The TN-71 will reportedly bring the warheads up
to the standard of warheads used by the USA, but it is unclear whether
this refers to increased yield-to-weight ratio or advanced fusing.>’

July 1984 saw the first deployment of the Mirage-2000 aircraft
in the French Air Force. The Mirage-2000N variant is configured for
nuclear attack and will eventually replace the Mirage IIIE and Jaguar
A aircraft of the FATAC (tactical air command). Flight testing of the
Mirage-2000N began in February 1983. Its initial operational date is
expected to be 1988, and a total of 85 Mirage-2000N versions are
planned.

Development work continues on France’s first nuclear-armed air-to-
surface missile, the ASMP. In the strategic role, the ASMP will be
deployed on 18 Mirage-IVPs starting in 1986—87. In the tactical role,
the ASMP will be deployed on 85 Mirage-2000N aircraft from 1988.
The aircraft carriers Foch and Clemenceau have already been modified
to accommodate the ASMP, probably for delivery by the Super
Etendard.>¢

China

The 1 October 1984 military parade in Beijing was the first public
display of Chinese nuclear missiles and included ICBMs, IRBMs and
SLBMs (see table 1.10). The parade included CSS-1, -2, -3, and -4
missiles, as well as two CSS-N-3 SLBMs towed on trucks driven by
naval personnel.®’ The appearance of nuclear weapons in the public
parade was indicative of increased Chinese emphasis on nuclear
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Table 1.9. French nuclear forces, 1985

Weapon system

Year Range Warheads x Warhead Number in

Delivery system Type No. deployed deployed (km)*© yield type stockpile
Aircraft?® Mirage-IVA“ 34 1964 1500 2 x 70 kt AN-22 75
Jaguar A 45 1973 1400 1x 6-8/30 kt & 50
Mirage-IIIE 30 1964 1200 1 x 6-8/30 kt b 35
Air refuellers C-135F 11 1965 —_— — — —
Land-based missiles S3 18 1980 3500 1x 1Mt TN-61 18
Pluton 42 1974 120 1 x 15-25 kt ANT-51 120
Submarine-based M-20 80 1977 3000 1x 1Mt TN-61 80
missiles M-4 16 1985 4 000 6 x 150 kt TN-70 96
Carrier aircraft Super Etendard 36 1978 650 1 x 6-8/30 kt b 40

¢ The AN-51 warhead is also possibly a secondary bomb for tactical aircraft, and the AN-52 is also possibly a secondary bomb for the Mirage IVA.
% Warheads include ANT-51, ANT-52 and possibly a third type.

¢ Range for aircraft indicates combat radius.

Sources: Laird, R. F., ‘French nuclear forces in the 1980s and the 1990s’, Comparative Strategy, Vol. 4, No. 4, 1984, pp. 387—412; Langereux, P., ‘Missiles
tactiques et engins: cibles francais en service, en developpement ou en étude’, Air et Cosmos, 28 May 1983, p. 180; Defense Intelligence Agency, ‘A guide to
foreign tactical nuclear weapon systems under the control of ground force commanders, DST-1040S-541-83-CHG 1 (secret, partially de-classified), 17 August 1984;

International Institute for Strategic Studies, The Military Balance 1983—84 (IISS, London, annual).
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Table 1.10. Chinese nuclear forces, 1985

Weapon system

Year Range Warheads x No. in

Delivery Type No. deployed deployed (km) yield stockpile
Aircraft® B-4 (Bull) 30 1966 6100 1-4 x bombs 30

B-5 (Beagle) 10 1974 1850 1x1Mt 10

B-6 (Badger) 100 1966 5900 1-3x 1 Mt 30
Land-based missiles CSS-1 (DF-2) 40-60 1966 1100 1 %20kt 40-60

CSS-2 (DF-3) 85—125 1972 2600 1x2-3Mt 85-125

CSS-3 (DE-4) ~5 1978 7000 1x1Mt 10

CSS-4 (DF-5) ~5 1980 12000 1 x5-10 Mt 10

DF-1% 10-30 1966 650 1x2-10 kt 10-30
Submarine-based missiles CSS-N-3 26 1983 3300 1% 200 kt—1 Mt 26

7 All figures for these bomber aircraft refer to nuclear-capable versions only. Hundreds of these aircraft are also deployed in non-nuclear versions.
& A number of SRBMs (DF-1s) have been deployed in ‘theatre support’ roles, although they may no longer be active. Some of the MRBM and IRBM missiles
are assigned to ‘regional nuclear roles’. China has tested a number of warheads with yields from 2 to 20 kt.

Sources: Joint Chiefs of Staff, Military Posture (annual report) FY 1978, 1982, 1983; Department of Defense, Annual Report for 1982; Defense Intelligence
Agency, Handbook on the Chinese Armed Forces, April 1976; Defense Intelligence Agency, ‘A guide to foreign tactical nuclear weapon systems under the control
of ground force commanders’, DST-1040S-541-83-CHG 1 (Secret, partially declassified), 17 August 1984; Godwin, P. H., The Chinese Tactical Airforces and
Strategic Weapons Program: Development, Doctrine, and Strategy (Air University, Maxwell AFB, Ala., 1978); Washburn, T. D., The People’s Republic of China
and Nuclear Weapons: Effects of China’s Evolving Arsenal ADA 067350 (NTIS, 1979); US Congress, Joint Economic Committee, Allocation of Resources in
the Soviet Union and China 1976, Part 2, pp. 94—96; Anderson, J., ‘China shows confidence in its missiles’, Washington Post, 19 December 1984, p. F11; Inter-
national Institute for Strategic Studies, The Military Balance 1983—84 (1I1SS, London, annual).

S861 400qvaL 1YdIS



Nuclear weapons

weapons in the overall defence programme. While the military has
received the lowest priority of the four modernizations, nuclear
programmes have received high priority.

In June 1984 the Chinese government also announced the establish-
ment of a new Strategic Missile Force, taking over the previous nuclear
responsibilities of the 2nd Artillery of the PLA.>® In weapon develop-
ment, trials of Xia Class SSBNs with CSS-N-3 SLBMs continued,
preparing for possible deployment in 1985. About three submarines are
reported to be under construction. According to the US Defense
Intelligence Agency, production of CSS-3 and -4 ICBMs and CSS-2
IRBMs continues at a rate of 10 and 20 missiles per year, respectively.

V. Nuclear sea-launched cruise missiles

The deployment in June 1984 of the long-range nuclear-armed
Tomahawk sea-launched cruise missile by the US Navy and in October
of the long-range nuclear-armed SS-N-21 SLCM by the Soviet Navy are
perhaps the most significant nuclear weapon developments in 1984.
According to Admiral Stephen Hostettler, Director of the Joint Cruise
Missile Program Office, Tomahawk provides “a new dimension in
naval warfare”.® These new long-range SLCMs now join long-range
air-launched cruise missiles and ground-launched cruise missiles
already deployed or about to be deployed by the superpowers. The
Soviet Union, in addition, already has some 500 shorter-range SLCMs
on 70 submarines.

The nuclear SLCM in the US Navy will serve three key military roles:
strategic, theatre and tactical. This versatility means that it will
probably be assimilated into a wide variety of nuclear war plans and
strategies. The US Navy has enumerated a number of the specific
tactical roles SLCMs could serve in support of military operations:

1. To “strike selected naval targets ashore to enhance sea control
operations”.

2. To “strike selected fixed targets in support of the land war”.

3. To “strike quasi-fixed targets to disrupt enemy second and third
echelon movement”.

4. To “strike or hold at risk selected targets after a major theater
nuclear exchange”.

5. To “strike selected targets in contingencies such as Third World
crises involving Soviet intervention or introduction of nuclear

weapons” . ©!

Deployment of the nuclear Tomahawk will expand the Navy’s
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long-range offensive strike platforms from 14 aircraft carriers to over
200 ships and submarines (in addition to SSBNs). By the early 1990s
there will be over 2500 ship and submarine launchers able to carry the
nuclear Tomahawk. Of the 3994 Tomahawk SLCMs planned for
production, 2739 will be for surface ships and 1255 will be on sub-
marines. According to their missions, 593 are for anti-ship, 2643 for
conventional land attack and 758 for nuclear land attack. By FY 1995,
4 battleships, 29 cruisers, 51 destroyers and 106 attack submarines will
be converted to carry the nuclear Tomahawk. 52 Ships and submarines
will be able to launch the Tomahawk from standard 21-inch torpedo
tubes, deck-mounted ‘armoured box launchers’, or new vertical
launchers. New Los Angeles Class attack submarines, the first of which
will be deployed in 1985, will have 12 vertical launch tubes (the vertical
launching system) in their forward sections, which will allow them to
carry Tomahawks without reducing their load of torpedoes.

SL.CM deployment, according to the Navy, enhances “the capability
to execute a variety of options within both sea control and power
projection functions”. Targets not assigned to carrier-based aircraft—
including “targets deep inside enemy territory, currently outside the
combat radius of tactical aircraft, point targets of extreme hardness,
previously unable to be attacked with a high kill probability, and
targets close to the FEBA [forward edge of the battle area] that are so
heavily defended as to cause excessively high levels of aircraft attri-
tion”—will be suitable for SLCM attack.®® The Tomahawk on
“independent covert forward-deployed submarines”, Admiral Hostet-
tler told the US Congress in 1984, “presents the Soviets a formidable
threat from 360 degree axis”.®

The introduction of the 2 160-km range land-attack SLCM will be
particularly significant in the Pacific and Indian Oceans where the Navy
says it will be “able to hold at risk large land areas not currently
covered by naval forces or other theater forces [and]...significantly
increase the Pacific Fleet’s theater nuclear arsenal and provide the
capability to strike land targets from survivable sea-based
platforms”.® According to the Navy, Tomahawk’s presence around
the periphery of the Soviet Union will “convey to the Soviet Union that
its territory is not a sanctuary”. %

Tomahawk will also be called upon for ‘strategic’ and ‘strategic
reserve’ roles. Admiral Frank B. Kelso, Director of the Strategic
Submarine Division of the Navy, explained to Congress in 1981 that
SLCMs “will not be automatically launched in a general war scenario”
but remain available so that “the United States would, in any post-
nuclear exchange environment, retain a measure of coercive power”. %’
Admiral William Williams, Director of the Navy’s Strategic and
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Theater Nuclear Warfare Division, said in 1981 that Tomahawk “will
provide additional survivable nuclear forces for the Strategic Reserve
Force. The latter role could be pivotal in the postwar balance and
struggle for recovery”. %

The new Soviet long-range SLCM—the SS-N-21—is also thought to
be dual-capable like the Tomahawk. The 3 000-km range missile is
small enough to be fired from the standard 533-mm torpedo tubes
found on virtually all Soviet submarines and will primarily arm Yankee
and Victor III Class submarines. Flight-testing of the SS-N-21 appears
to have been completed and the missile may already be operationally
deployed on submarines near US coasts.®® The SS-N-21 will be
primarily allocated to theatre strike roles, but tactical ‘strategic reserve’
and strategic strike missions against US command, control and com-
munications facilities and naval bases must also logically be accepted. ™

Arms control implications

The 1984 Arms Control Impact Statement prepared by the Arms
Control and Disarmament Agency on the Tomahawk SLCM stated
that the “relatively slow flight of current generation cruise missiles does
not represent a first-strike threat to the Soviet Union. Rather, cruise
missile deployments symbolize a second-strike capability which should
have a stabilizing effect”. This assessment appears to miss the point
that they are destabilizing and cause arms control problems.

The vertical launching system (VLS), able to deliver not only
Tomahawk but also surface-to-air and anti-submarine weapons, is
another arms control problem. While increasing the Navy’s survivability
and flexibility, VLS significantly complicates future arms control
possibilities for surface ships.’* Indeed, one of the acknowledged goals
of the Tomahawk programme is to confuse the USSR. As Admiral
Williams stated in 1981, “We...clearly recognize that their very
presence out there and their survivable presence will provide to the
Soviets a very difficult calculation process in assessing the United
States’ capabilities”. 7>

Given the potential strategic missions of the new SLCMs, their
operational flexibility, and planned deployment in large numbers, they
should clearly be included in the current arms control negotiations. By
virtue of their range, SLCMs fall into the same category as air-launched
cruise missiles that were controlled under SALT II. The development
of SLCMs has moved forward, sidestepping arms control categories
and the larger European missile debate, but now they have been
deployed and both operational and numerical controls are required.
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2. Nuclear explosions

RAGNHILD FERM

Superscript numbers refer to the list of notes and references at the end of the chapter.

1. Introduction

According to available data, the five nuclear weapon states carried out
53 underground nuclear explosions in 1984: the United States 15; the
Soviet Union 27; the United Kingdom 2; France 7; and China 2 (see
appendix 2A). In all, since 1945, 1493 nuclear explosions have been
conducted; the United States and the Soviet Union are responsible for
more than 85 per cent of these explosions (see appendix 2B).

The yields of the US and Soviet tests are reported to have been less
than 150 kilotons, a limit established in the not yet ratified US—Soviet
Threshold Test Ban Treaty of 1974. This threshold was also observed
in the British tests. The French tests had yields of between S and 50
kilotons and the Chinese of about 100 kilotons.

II. US tests

Two accidents took place in Nevada in connection with US tests. On
15 February 1984, at least 13 technicians were injured (one critically)
when the area directly over the site of the explosion collapsed.
Reportedly, no radiation was leaked.' At the next test, which was
conducted on 1 March 1984, the ground caved in two hours after the
explosion. No injuries were reported and a spokesman for the Depart-
ment of Energy stated that no radiation had escaped.?

Complaints were made about damages caused by tests carried out in
previous years. In May 1984, in Salt Lake City, a federal district court
judge ruled that 10 victims of cancer in Utah, Nevada and Arizona had
contracted the disease because of exposure to radioactive fall-out
from atmospheric nuclear tests in the 1950s.3 Only one of the victims
is still alive; she and the families of the other nine victims were awarded
nearly $2.66 million. This was the first time that a federal court
recognized a clear link between atmospheric nuclear testing and cancer.
The judge said that the government had failed to adequately measure
fall-out in the communities near the test site and had not warned people
of the danger. In September 1984 new legislation was approved by
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Congress which freed government contractors from liability for any
damages caused by the atomic testing programme.*

IIl. Soviet tests

As in the preceding years, a number of Soviet explosions (more than
one-third) were conducted outside the known test sites (situated at
Semipalatinsk in east Kazakhstan and on Novaya Zemlya in the Arctic
Ocean), namely, in west Kazakhstan, in the region of the Ural Moun-
tains and in Siberia. These may have been explosions for civil engineer-
ing projects, such as earth-moving, the creating of underground
reservoirs, stimulating the production of oil and gas, and so on. Some
time ago the Soviet Union actually made known that its nuclear
explosions had been used for drilling underground chambers for
natural gas. Since 1974 at least 72 explosions presumed to be for
peaceful purposes have been conducted in the Soviet Union. The
United States has made no such explosion for almost 12 years and, as
far as is known, is not planning any.

IV. French tests

For almost 19 years France has conducted nuclear tests in French
Polynesia, mostly on the Mururoa atoll, 1000 km south-east of Tahiti.
The French test centre has announced that its Pacific testing activities
will continue in 1985 at the same pace as in the preceding years, and
that the 1984 experiments have allowed further development of the new
TN-71 warheads for the M-4 submarine-launched missile.’

While all nuclear tests are criticized by certain governments and non-
governmental organizations, the French tests have been the subject of
particular complaints by neighbouring countries and groups active in
the protection of the environment, which allege that the explosions have
done serious damage to the environment and health of the Polynesian
people.

In response to this criticism, the French government invited the
states in the region to inspect the Mururoa test site. The offer was
accepted and the visit took place in autumn 1983. The inspection team,
which comprised two radiation experts from New Zealand, a marine
geologist from Australia and a biologist from Papua New Guinea,
visited Mururoa for five days and laboratories in Papeete, Tahiti for six
days.

The report of the team was published in July 1984.¢ Its general

76



Nuclear explosions

conclusions are that the maximum annual doses of radiation in the
Pacific islands from radioactive fall-out from atmospheric tests are less
than one-tenth of world average annual radiation exposure, and that
radiation doses to the population from natural radiation and fall-out
are lower than world average levels and do not lead to any expectation
that radiation-induced diseases would be detectable. There is no
geological evidence of short-term radioactive leakage from the current
underground tests, but in a period of 500—1 000 years leakage could
occur from the detonation chambers. The coral limestones forming the
upper section of the atoll have been damaged through fissuring,
subsidence and submarine sliding, and the volcanic rock in which the
tests take place has been severely altered around the detonation
chambers. However, available data indicate that the overall integrity of
the volcanic bedrock has not been impaired. Venting of fission products
occurs at the time of detonation and dissolved plutonium is transferred
from the lagoon to the ocean, but these phenomena are of minor
importance. Small quantities of radioactivity are routinely discharged,
but they are not radiologically significant. It was pointed out that
sampling from the western and northern areas of the atoll and of
lagoon sediments was not permitted by the French authorities.

Critics of these conclusions argued that the health statistics on which
the team had to rely, and which were provided by the French
authorities, could not be regarded as adequate, in particular because
detailed information on the cause of death was, until recently, available
only for deaths occurring in hospitals. The critics also regretted that the
team had not been allowed to inspect all areas of the atoll and that they
could not observe and monitor an actual test, which would have been
the best way to ascertain leakage risks.’

Australia and New Zealand have been particularly critical of the
French tests. (It was these two states which brought the case to the
International Court of Justice in 1973.) In June 1983 the Australian
government announced that it had decided to suspend shipment of
uranium to France for as long as France continued nuclear testing in
the Pacific. In September 1984 the Australian Minister for Resources
and Energy told Parliament that there would be no exports of uranium
to France for at least two more years because of continued French
nuclear testing.® Australia has long been suggesting that French tests,
if considered necessary, should be conducted in metropolitan France.
Indeed, at a meeting with journalists in November 1984, the Australian
Minister for Foreign Affairs revealed that a report had been prepared
by bodies in the public service to assess geological conditions in France
for underground nuclear testing.® The conclusion of the report was that
there were no technical reasons militating against it. There exist lightly
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populated areas where there are large and hydrologically favourable
granite formations suitable for testing, and two places were specifically
mentioned: Guéret and Mageride in the Massif Central. The report
itself is a classified document and has therefore not been publicly
released.

V. British tests

British tests are now conducted at the Nevada test site in the USA, but
between 1952 and 1957 12 British atmospheric tests were conducted in
Australia (on the Montebello Islands, off the north-west coast of
Australia, and at Maralinga and Emu in South Australia).

Over the years there have been reports of sickness among British and
Australian workers at the test sites. It has also been claimed that
aborigines were present in the test zones despite steps taken to ensure
that wide areas around the test sites were cleared. Because of a growing
concern about the consequences of these tests, the Australian Federal
Department of Health carried out studies on the matter in 1982—83.
While an exceptionally high level of cataracts among those involved in
cleaning up radioactive areas and handling contaminated materials was
reported, and while it was alleged that the rates of infertility were 1.5
times higher than expected in such a group of people, the official
conclusion was that no evidence could be found to link the ill-health to
the British test programme of the 1950s.!? A study by the Australian
Radiation Advisory Council also dismissed fears concerning inade-
quate safety precautions, but the conclusion of that report was
questioned in an Australian government study.

In January 1984 a 30 year-old British document was released to the
Public Record Office revealing, among other things, that the British
Ministry of Defence had conducted experiments to study the effects of
atomic explosions on service personnel, and that servicemen had been
ordered to be within 2 kilometres of nuclear explosions. !* The Ministry
of Defence claimed, however, that dummies and measuring instru-
ments were exposed to the effects of the nuclear explosion, not real
people.

Another classified report, now released in an edited version, has pro-
vided information about waste burials, revealing that the final clean-up
at the testing sites was not carried out properly. !> Consequently, in July
1984 the Australian government recommended to the Governor-
General-in-Council the establishment of a Royal Commission to inquire
into the British tests in Australia.'® The focus of the Commission was
to be on measures that had been taken for protection against the harmful
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effects of radiation, fall-out and waste arising from the tests and the
so-called minor trials, which were experiments carried out alongside the
nuclear tests. (These tests were officially called ‘safety tests’ and were
meant to simulate the accidental detonation of plutonium weapons to
see what would happen to a nuclear weapon if it was dropped or
detonated accidentally. These experiments were not nuclear firings but
led to plutonium being spread over hundreds of hectares of land.*)
The Commission was to visit Britain to gather evidence. The hearings
started in London in January 1985 with testimony by former British
servicemen who took part in the tests as well as government represen-
tatives in charge of the tests at that time.

VI. Chinese tests

China conducted two underground explosions in 1984, (In 1979, 1981
and 1982 no Chinese tests were conducted at all.) The Chinese tests are
carried out in the Lop Nor area, in the north-western part of China.
China (like France) is not party to the 1963 Partial Test Ban Treaty, but
has nonetheless not tested in the atmosphere since 1980. According to
newspaper reports, however, facilities for tests in the atmosphere are
still maintained at the test site. '’
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Appendix 2A. Nuclear explosions, 1983 (revised data
for the USA) and 1984 (preliminary data)

Notes

1. The following sources were used in compiling the list of nuclear explosions:
(a) US Department of Energy;
(b) Hagfors Observatory of the Research Institute of the Swedish National Defence; and
(c¢) press reports.

2. Events marked with an asterisk * may be part of a programme for peaceful uses of nuclear
energy in view of their location outside the known weapon testing sites.

3. my (body wave magnitude) indicates the size of the event; the data have been provided by the
Hagfors Observatory of the Research Institute of the Swedish National Defence.

Table 2A.1. Revised list of US nuclear explosions in 1983

Date Latitude Longitude
(GMT) (deg) (deg) Region my

11 Feb 37.051 N 116.045 W Nevada
17 Feb 37.163 N 116.063 W Nevada
26 Mar 37.301 N 116.460 W Nevada 5.3
14 Apr 37.073 N 116.046 W Nevada 6.1
5 May 37.012N 116.089 W Nevada 4.7
26 May 37.103 N 116.006 W Nevada
9 Jun 37.158 N 116.089 W Nevada 4.9
3 Aug 37.119N 116.089 W Nevada
11 Aug 37 N 116 w Nevada
27 Aug 37 N 116 w Nevada
1 Sep 37.273N 116.355 W Nevada 5.5
21 Sep 37.210N 116.210 W Nevada
22 Sep 37.106 N 116.049 W Nevada
9 Dec 37 N 116 w Nevada
16 Dec 37 N 116 w Nevada 5.3
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Table 2A.2. Nuclear explosions in 1984 (preliminary data)

Date Latitude Longitude

(GMT) (deg) (deg) Region my

USA

31 Jan 37.113 N 116.122 W Nevada

15 Feb 37.221 N 116.181 W Nevada 5.4
1 Mar 37.066 N 116.046 W Nevada

31 Mar 37.146 N 116.084 W Nevada 4.8

2 May 37.189 N 116.016 W Nevada
16 May 37.091 N 115.994 W Nevada

31 May 37.103N 116.048 W Nevada 6.0
20 Jun 37.000 N 116.043 W Nevada
12 Jul 37.183 N 116.018 W Nevada
25 Jul 37.268 N 116.411 W Nevada

2 Aug 37.017N 116.008 W Nevada
30 Aug 37.090 N 115.998 W Nevada

13 Sep 37.087 N 116.071 W Nevada 5.5
10 Nov 37.000 N 116.017 W Nevada

15 Dec 37 N 116 w Nevada 5.7

USSR

19 Feb 49.888 N 78.788 E E Kazakhstan 7.0
7 Mar 50.022 N 78.978 E E Kazakhstan 6.6

29 Mar 49934 N 79.013 E E Kazakhstan

15 Apr 49.766 N 78.185 E E Kazakhstan 5.9

25 Apr 49.934 N 78.915 E E Kazakhstan 7.0

26 May 49.949 N 79.060 E E Kazakhstan 6.6

23 Jun 50 N 79 E E Kazakhstan

14 Jul 49.902 N 78.988 E E Kazakhstan _ 7.2

21 Jul 51.366 N 53.253 E W Kazakhstan”

21 Jul 51.384 N 53271 E W Kazakhstan®

21 Jul 51.366 N 53.276 E W Kazakhstan® ]

11 Aug 65.079 N 55.287 E Ural Mountains® 5.1
25 Aug 61.889 N 72.149 E W Siberia 5.2
28 Aug 61 N 56 E Ural Mountains* 4.4
28 Aug 61 N 56 E Ural Mountains 4.4

9 Sep 49.873 N 78.208 E E Kazakhstan 5.1
15 Sep 50 N 79 E E Kazakhstan 5.2
17 Sep 55.835 N 87.408 E C Siberia” 4.5
18 Oct 49,787 N 78.004 E E Kazakhstan
25 Oct 73.365 N 54979 E Novaya Zemlya
27 Oct 49.950 N 78.842 E E Kazakhstan
27 Oct 47.044N 47919 E W Kazakhstan®
27 Oct 46.843 N 48.023 E W Kazakhstan®
23 Nov 50 N 79 E E Kazakhstan 4.5

2 Dec 50 N 79 E E Kazakhstan 6.1
16 Dec 50 N 79 E E Kazakhstan
28 Dec 50 N 79 E E Kazakhstan 7.3
UK

1 May 37.106 N 116.022 W Nevada 5.7

9 Dec 37 N 116 w Nevada 5.6
France

8 May 22 S 139 w Mururoa
12 May 21.852 S 138.961 W Mururoa
12 Jun 22 S 139 w Mururoa
16 Jun 21933 S 138.992 W Mururoa
27 Oct 22 S 139 w Mururoa

2 Nov 21.904 S 139.003 W Mururoa

6 Dec 22 S 139 w Mururoa
China

3 Oct 41.633 N 88.781 E Lop Nor 5.7
19 Dec Lop Nor 4.7
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Appendix 2B. Nuclear explosions, 1945—84 (known
and presumed)

Table 2B.1. 16 July 1945 — 5 August 1963 (the signing of the Partial Test Ban Treaty)

USA* USSR UK France Total
331 164 23 8 526

Table 2B.2. 6 August 1963 —~ 31 December 1984

a = atmospheric
u = underground

USA“ USSR UK France China India

Year a u a u a u a u a u a u Total
6 Aug—

31 Dec

1963 0 14 0 0 0 0 0 1 15
1964 0 29 0 6 0 1 0 3 1 0 40
1965 0 28 0 9 0 1 0 4 1 0 43
1966 0 40 0 15 0 0 5 1 3 0 64
1967 0 28 0 15 0 0 3 0 2 0 48
1968 0  33° 0 13 0 0 5 0 1 0 52
1969 0 29 0 15 0 0 0 0 1 1 46
1970 0 30 0 12 0 0 8 0 1 0 51
1971 0 12 0 19 0 0 5 0 1 0 37
1972 0 8 0 22 0 0 3 0 2 0 35
1973 0 9 0 14 0 0 5 0 1 0 29
1974 0 7 0 19 0 1 7 0 1 0 0 1 36
1975 0 16 0 15 0 0 0 2 0 1 0 0 34
1976 0 15 0 17 0 1 0 3 3 1 0 0 40
1977 0 12 0 16 0 0 0 6 1 0 0 0 35
1978 0 12 0 27 0 2 0 7 2 1 0 0 51
1979 0 14 0 29 0 1 0 9 0 0 0 0 53
1980 0 14 0 21 0 3. 0 11 1 0 0 0 50
1981 0 16 0 21 0 1 0 11 0 0 0 0 49
1982 0 18¢ 0 31 0 1 0 5 0 0 0 0 55
1983 0 15 0 27 0 1 0 7 0 1 0 0 51
1984 0 15 0 27 0 2 0 7 0 2 0 0 53¢
Total 0 414 0 390 0 15 41 7 2 17 0 1 967

“Data for the USA take into account information in Announced United States Nuclear Tests
(January 1983), prepared by the US Department of Energy in co-operation with Los Alamos,
Lawrence Livermore and Sandia National Laboratories.

5Five devices used simultaneously in the same test are counted here as one explosion.

°Two devices used simultaneously in the same test are counted here as one explosion.

9The data for 1984 are preliminary.

Table 2B.3. 16 July 1945— 31 December 1984

USA USSR UK France China India Total
745 554 38 126 29 1 1493
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3. Third-generation nuclear weapons

KOSTA TSIPIS, Program in Science and Technology for International Security,
Massachusetts Institute of Technology, Cambridge, Mass.

Superscript numbers refer to the list of notes and references at the end of the chapter.

I. Introduction

Since 1945 nuclear physicists and engineers have continued to refine the
methods by which explosive energy is extracted from the nuclei of
atoms. The first successful attempt to do so was by fissioning, in a chain
reaction, nuclei of uranium-235 or plutonium-239. This was the first
generation of nuclear weapons, with energy releases of the order of
10—100 kilotons equivalent of TNT. Fission weapons presented an
upper limit of explosive power since it is not possible to assemble
enough fissionable material to reach higher yields without reaching
criticality.

Even before the completion of the first fission weapon, physicists,
most notably Edward Teller, realized that essentially unlimited
amounts of explosive energy could be released by fusing together light
nuclei such as those of hydrogen, deuterium and tritium in a process
similar to the one that takes place on the Sun and provides its energy.
Fusion weapons deliverable by aircraft or ballistic missiles became
available in the mid-1950s. Their yields have ranged up to 68 megatons
equivalent of TNT (in an experimental explosion set off by the Soviet
Union), but most contemporary fusion weapons are designed to release
0.3—1Mt of energy. These are the so-called second generation of
nuclear weapons which have increased in sophistication and have
undergone continuous improvement, mainly in their yield-to-weight
ratio.

A nuclear detonation releases energy into the environment in
different forms. The predominant form is X-rays in the 1-100keV
(kilo-electron volt) region, which are released in great profusion by the
fission process.! Energetic neutrons are the dominant product of the
fusion process in which the energy is released in the form of kinetic
energy of the fission products and of the neutrons. A small fraction of
the energy released leaves in the form of y-rays and in kinetic energy
of electrons. Thus while a fission explosion in the atmosphere creates
intense blast and thermal effects due to the interaction of the X-rays
with the atoms in the atmosphere, a pure fusion reaction will create
intense prompt local radiation by neutrons. Since contemporary
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weapons generate destructive energy in a fission—fusion—fission process
in which the first fission is the ‘kindling’ for the actual energy-releasing
reactions, the end-product of an explosion of such a weapon is a
combination of blast and thermal effects from the fission process,
prompt radiation and blast effects from the fusion process and delayed
radioactivity from excited nuclei generated exclusively by the fissioning
process. It is possible by judicious design of such weapons to attempt
to enhance or suppress one or the other form of emitted energy of a
nuclear explosion. For example, the so-called neutron bomb is a
nuclear weapon in which the designer has attempted to enhance the flux
of high-energy neutrons and minimize the emission of X-rays and the
amount of radioactive nuclei produced during the detonation.

Weapons intended for use as deterrents against a nuclear attack need
not have any special properties, since the mere scale of their destructive
power compared with the size of the human habitat is their inescapable
deterring quality. There have been at the same time advocates of the
notion that nuclear weapons can be useable instruments of combat,
especially if the indiscriminate character of their destructiveness were
avoided while certain effects of the explosion were custom-tailored, so
to speak, to specific military missions. As a consequence, both the
advocacy of and the scientific work on such specialized weapons have
been identified with the doctrine of nuclear war-fighting and the school
of thought that considers nuclear weapons ‘useful’ for purposes other
than deterrence.

Nuclear weapons designed to maximize certain of their properties
and to suppress others are considered to constitute a third generation
in the sense that their design goes beyond the basic, even though
sophisticated, design of modern thermonuclear weapons. There have
been proposals for several such specialized nuclear explosives, which
this chapter will examine in some detail: the enhanced-radiation weapon,
designed to maximize neutron flux and minimize radioactive fall-out
and blast effects; the X-ray laser, designed to maximize along a narrow
solid angle the X-ray flux derived by the detonation; and the EMP
weapon, designed to maximize the size of the electromagnetic pulse and
its effects generated by a nuclear detonation. Independently of their
potential utility or feasibility, all these third-generation weapons will
require considerable research and development by the weapon
laboratories (for example, the Lawrence Livermore Laboratory in the
USA is actively involved in X-ray laser research).? In turn this research
will unavoidably entail a considerable number of tests of these devices
that require the detonation of nuclear weapons in underground
facilities. It follows logically then that those interested in developing
these weapons are opposed to a comprehensive test ban treaty (CTB)
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that would put an end to all nuclear explosive tests. It is also clear that
the weapon laboratories see in the third generation of nuclear weapons
scientific and technical challenges that would occupy their scientists
now that efforts to perfect the second-generation of weapons have
reached the asymptotic region of diminishing returns.

In particular in the United States the effort to develop and perfect
third-generation weapons has been encouraged by the policies of the
Reagan Administration: the belief in and preparation for fighting a
nuclear war of whatever intensity and length and the proposed Strategic
Defense Initiative (popularly known as the ‘Star Wars’ proposal) have
provided political impetus for this new category of nuclear weapons.

For convenience, the main conclusions of the arguments presented in
the chapter are set out below. The main body of the chapter follows.
Section II describes in some detail the physics of a second-generation
nuclear weapon. Subsequent sections take up the physical principles
of enhanced radiation, X-ray laser nuclear weapons and EMP
amplification.

Conclusions

Third-generation nuclear weapons are variants of the common
fission—fusion—fission weapons widely deployed by the USA, the USSR
and other major nuclear powers. They do not incorporate any new
physical principles or advanced methods of extracting more energy
from a given amount of nuclear material. Their special designs aim at
partitioning the energy released by the nuclear force in ways that are
different from the energy partition in second-generation weapons, for
the ostensible purpose of performing more efficiently for given military
missions,

The analysis in this chapter suggests certain salient propositions, set
out in more detail below. In sum, it is argued that the development of
these weapons is strongly promoted by laboratories which are con-
cerned to find new work to do in this field; that the developments will
be—indeed already are—very damaging to major arms control objec-
tives; and that they are of negligible military utility, particularly the use
of the X-ray laser as an ABM weapon.

1. The overall effects on the environment, human habitat and
human beings of a detonation of a third-generation nuclear weapon
would vary little from those of a standard nuclear weapon. The shift
in the forms in which the energy is released may enhance one particular
physical effect of a nuclear detonation, but does not appreciably change
the overall destructive effect of such a violent energy release.
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2. Even though third-generation weapons may appear in principle to
perform a given military mission more effectively than a regular nuclear
weapon, the fundamental fact remains that they are nuclear rather than
conventional weapons. As a result their use breaches the firebreak
between nuclear and conventional weapons, an effect that many believe
will lead to nuclear war. A nuclear power which is subjected to an at-
tack by third-generation weapons is not going to, or may not be able
to, make a distinction between their effects and those of a regular
nuclear weapon, even if this were possible in the heat of battle. Conse-
quently it is unrealistic to expect that these custom-tailored weapons
can be used without precipitating a nuclear response and a rapid escala-
tion to all-out nuclear war. Therefore, the central danger that third-
generation nuclear weapons pose to world peace and safety is that they
will be misperceived by some military as being useable without the risk
of nuclear escalation. Such a military judgement, based on the false
premise that third-generation weapons are somehow fundamentally
different, is a serious possible cause of unwanted nuclear war.

3. The development and testing of third-generation weapons make
negotiations for a complete test ban on nuclear detonations more
difficult to conclude. As a consequence these weapons are a major
factor in the continuing nuclear arms race between nations. This is a
disproportionately high price to pay for the marginal military
advantage that such weapons appear to bestow on their owners.

4. The arguments in the sections and appendix which follow suggest
that the operational difficulties that circumscribe the utility of any of
the three types of weapon make them in fact worthless. The calcula-
tions set out in this chapter lead the author to the conclusion that the
X-ray laser has no chance of working as an anti-ballistic missile
weapon, given the fact that X-rays are strongly attenuated by the
atmosphere. A missile that completes its boost phase within the
atmosphere would be immune to such a weapon. Use of the neutron
bomb would both prompt effective countermeasures on the battlefield
and entail colossal collateral damage to the civilian population and
friendly armed forces. There seems little chance that it can be effective
against a tank invasion and at the same time politically acceptable and
‘humane’ enough to use. There is no doubt that its use on the battlefield
would escalate a conflict from a conventional to a nuclear war. The
enhanced EMP weapon, if intended for use on the battlefield, has
similar drawbacks (both military and political) while it offers what to
military commanders must seem unreliable and unexploitable results.
Escalating a nuclear conflict in order to damage the opponent’s C°I
installations appears foolhardy at best. Ordinary nuclear weapons
exploded at high altitude can cause such massive disruption to both
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civilian and to a lesser extent military communications that special
EMP warheads seem superfluous, even if in principle more
discriminating.

From the locally rational viewpoint of the nuclear weapon-design
laboratories, third-generation nuclear weapons may appear a desirable
opportunity to continue research, development, testing and evaluation
of nuclear explosives. However, from a nationally and internationally
rational viewpoint they are not only a waste of money and trained
manpower, but more seriously a threat to world peace and a motive
force that keeps the arms race going. Given the costs and benefits
implicit in the pursuit of such weapons, they appear to be highly
undesirable.

II. Second-generation weapons

Since all third-generation weapons are variants of the basic fission—
fusion—fission design of the current (second) generation of nuclear
warheads, this section describes the basic configuration and working
principles of such explosive devices.

From the curve of binding energy (see figure 3.1) it follows that

Figure 3.1. The curve of binding energy

Both the fission and fusion processes tend to generate nuclei with higher binding energies per
nucleon and thereby release nuclear energy into the environment.
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carried away by the neutron does not contribute to these effects, a fact
that is the central design principle of the neutron bomb.

In a modern, second-generation nuclear weapon the energy needed
to fuse together the D and T atoms is provided by the fission of a
certain amount of plutonium and/or uranium. Thus the weapon
consists of two key components: the primary one, which is a small
fission nuclear explosive (see figure 3.2); and the secondary, which
is a mixture of D and T in some form, appropriately packaged and
placed in the overall weapon to receive the energy from the primary (see
figure 3.3).

The primary system

The fission explosive consists of several consecutive layers of materials.
Uranium-235 and plutonium are the active materials that fission and
produce the required energy for the fusion. While in their normal
densities (5-phase plutonium has a density of 15.9 g/cm?, and 98 per
cent enriched uranium-235 has a density of 18.9 g/cm?) the amount of

Figure 3.3. Sketch of how a modern fission—fusion—fission nuclear weapon may be
configured, showing the essential elements

More than one configuration may have been used as weapon developments proceeded to improve
the yield-to-weight ratio and reduce the cost of the weapons.
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plutonium and uranium contained in the primary do not form a critical
mass and therefore do not explode, when compressed they reach
criticality and begin the fissioning chain reaction. The compression is
achieved in the following fashion. The detonators on the outside of the
entire assembly ignite the outermost layer of shaped explosives. These
form a concave spherical pressure wave that slams the thin aluminium
shell onto the inner explosives layer. This uniformly imploding metallic
shell shocks the inner layer of explosives and detonates it symmetric-
ally. Thus the pressure wave generated by this second explosive
implodes the beryllium—uranium-238 tamper into the Pu—U core,
again symmetrically squeezing them to much higher than normal
density and rendering them supercritical, that is, able to sustain a chain
reaction. The enormous pressure generated by the entire implosion
process superheats the D + T mixture inside the fissile core, causing
them to fuse, thereby releasing a large number of neutrons that sustain
the fissioning of the Pu and 2*°U nuclei of the core. Over the years
several schemes that involve the participation of varying quantities of
D and T (for example in the dial-a-yield tactical nuclear weapons) have
been devised to ‘boost’ the fission process, improving the efficiency of
the entire system, that is, fissioning a larger fraction of Pu and U nuclei
than would be practically possible without the presence of the neutrons
from the D + T reaction (and therefore releasing a larger amount of
energy) before the explosion disassembles the entire primary. The im-
ploding beryllium and depleted >*®U tamper help keep the system
together for as long as possible and reflect the neutrons emitted during
the fissions back into the core assembly, further increasing the efficien-
cy of the entire process. The D and T (which are gases under ambient
temperature and pressure conditions) are probably stored in tiny glass
microspheres which are in turn embedded in some form of foam,
because such a configuration offers numerous advantages over any
other way of storing D and T in the primary: it maintains spherical
symmetry; it allows for recycling the T which has a half-life of 12 years
and therefore must be replaced in stored weapons periodically; and the
foam helps the implosion shockwave create the very high temperatures
needed to ignite the D + T mix.

A few grams of D + T, about 1 kg of Pu and a comparable amount
of 2%U are most probably needed to provide enough fission energy to
initiate the fusion process of the secondary.

The secondary system

A modern nuclear weapon derives half the energy it releases from the
fusion of D and T atoms and the other half from the fissioning of >*8U
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nuclei in a mantle that surrounds both primary and secondary systems
by the neutrons generated by the fusion process. Thus a megaton
weapon releases roughly 500 kt TNT equivalent of energy generated by
fusion. This is equal to 1.3 x 10%® MeV and, since each D + T fusion
releases about 17 MeV of which only a fraction goes into explosive
effects (a large portion is taken by the neutron that does not contribute
directly to these effects), we can estimate that about 102’ fusions would
have to take place between an equal number of D and T atoms. This
amounts to about 1.5 x 103 gram moles of D and T, or 3 kg of D and
over 4 kg of T in a megaton weapon.* These are very large amounts of
these difficult to obtain and therefore very expensive isotopes. In addi-
tion, these large quantities of D and T would have to be stored in the
weapon in liquid form, which in turn would require massive cryogenic
facilities. Instead, physicists recognized that tritium can be produced in
the process:

SLi+ én— 4He + iT + 4.6 MeV

So the two isotopes are stored in the secondary in the form of lithium
deuteride, $Li?D. If a source of neutrons is available to fission the
lithium, then we have:

§Li+ 3D + in — 3He + iT + ID + 4.6 MeV
and then the 3T and iD fuse with the help of energy from the primary:
iD + iT — 3He + 17.6 MeV

The secondary then consists (see figure 3.3) of an amount of LiD (which
is a salt-like powder) surrounding a plug of plutonium which fissions
to produce the necessary neutrons to convert the lithium into tritium.
Both are probably surrounded by a metallic tamper.

Another method of producing the necessary neutrons for the conver-
sion of Li to T could be a small amount of T + D that would be ignited
by the energy provided by the primary. Such T + D ‘kindling’ could
autocatalyse the subsequent chain of tritium production from lithium
and its fusion with the deuterium present by providing the necessary
neutrons and energy to initiate the fusion process of the secondary.
Such an approach, however, would result in a much more expensive
weapon, since tritium is vastly more expensive than plutonium.

About 80 per cent of the energy generated by the primary is released
in the form of X-rays. These X-rays impinge upon special reflecting
surfaces in the interior of the weapon and are diffusely reflected onto
the secondary. These X-rays are absorbed by a thin layer of the liner
around the LiD. This layer is instantly vaporized. As the vapour moves
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out, the impulse generated by the need to conserve momentum
implodes the liner, generates very high pressures and therefore very
high temperatures inside, and initiates the fusion of D and T nuclei.
Energy from this fusion sustains the process until the pressure
generated by the enormous release of energy breaks apart the secondary
system so that it can no longer sustain fusion.

The neutrons released by the fusion of T and D nuclei in turn
impinge upon the outer shell of 2*3U and fission it, releasing additional
amounts of explosive energy in the form of charged nuclear fragments,
neutrons and electrons. As they interact with each other, these
fragments emit X-rays that cause the thermal and blast effects that
accompany a nuclear detonation.

This typical fission—fusion—fission weapon is designed to release a
large fraction of the energy produced by these nuclear interactions in
the form of X-rays. The interaction of the X-rays with the atmosphere
generates the fireball with its intense thermal and blast effects which in
turn are the main agents of destruction of physical structures and of
trauma to unprotected human beings. Such maximal destructiveness
would be desirable in weapons intended to underpin the doctrine of
deterrence, but may not be appropriate for other military missions.
Indeed there have been proposals—to use specially designed nuclear
warheads to destroy incoming warheads inside the atmosphere, to
incapacitate tank crews on the battlefield or to attack the opponent’s
ballistic missiles during their boost phase—that would require weapons
in which the explosive energy is predominantly released in forms other
than X-rays. Three such ‘special-effects’ nuclear weapons are described
in the following sections,

III. The neutron bomb

The concept of the neutron bomb or ‘enhanced-radiation weapon’ was
first considered for application in the short-range endoatmospheric
anti-ballistic missile (ABM) rocket that was designed as the second tier
of defence of the US Sentinel ABM system. Before this system was
abandoned in the early 1970s as unworkable, it was designed to present
two layers of defence against incoming re-entry vehicles: an exoatmos-
pheric nuclear detonation that would destroy the re-entry vehicle with
an intense burst of X-rays and, since X-rays generated by nuclear
detonation do not travel far in the atmosphere, a second layer of
defence consisting of specially designed nuclear warheads that would
produce an intense burst of energetic neutrons while minimizing the
blast and heat effects of the detonation since it could take place not far
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above populated areas. The design of this enhanced neutron-producer
weapon is based on two facts.

First, a single fission produces about 240 MeV of energy, of which
about 200 MeV would go into blast and heat and, on the average, 2
neutrons with kinetic energies of about 1 MeV, while a fusion reaction
produces 17.6 MeV of energy, including an energetic 14.1 MeV
neutron.

Second, 80 per cent of the energy produced by the fusion is in the
form of the neutron’s kinetic energy. Therefore, per neutron produced,
the fission would also release 100 MeV of energy, but the fusion only
3.5 MeV or so. Thus for the same number of neutrons produced, the
fusion reaction would release about 25 times less blast and heat. When
the ABM system was abandoned the concept of an enhanced neutron-
producing nuclear warhead was applied to the mission of ‘neutralizing’
tank crews in a ground attack. While tanks are sturdy vehicles and any
effort to destroy an advancing tank column with ordinary second-
generation nuclear explosives would cause extensive collateral damage
to the countryside by blast, heat and radioactive fall-out, it was thought
that a neutron-producing weapon would incapacitate tank crews with
an intense burst of neutrons that would penetrate the tank armour but
cause much less collateral physical damage than ordinary nuclear
explosives.

An additional advantage of an enhanced neutron weapon would be
the near-absence of radioactive fall-out that would permit friendly
troops to occupy and advance beyond the area affected by the neutron-
bomb explosions. This is so because the source of radioactive fall-out
is the nuclear fragments of the uranium or plutonium nuclei split
during the fission process. These fragments, which are highly radio-
active, attach themselves to the dust and debris created by a nuclear
detonation on the ground. These soil and other particles, laden with
radioactive nuclei, return to the surface of the Earth and constitute the
pathogenic fall-out created by a nuclear explosion.

The fusion process does not generate such fission fragments; conse-
quently a fusion weapon would, in principle at least, generate minimal
amounts of radioactive fall-out. Thus the ‘neutron bomb’ is a nuclear
weapon designed to maximize neutron production and minimize blast
effects and radioactive fall-out for a given amount of explosive energy
released. Since blast and heat ultimately are generated by the inter-
action of X-rays with the atmosphere, and these in turn are produced by
the charged products of a nuclear interaction, a neutron weapon must
have as small a number of such charged products generated as possible.
This immediately suggests three changes from the standard second-
generation fission—fusion—fission weapons. First, the primary of the
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neutron weapon must be as small as possible. Second, in order to avoid
the need for a Pu plug that would provide the necessary neutrons that
produce T by reacting with §Li, either the entire secondary must contain
only D+ T, or special D + T ‘kindling’ must accompany the LiD so
that it could fuse and provide the needed neutrons. And finally, the
238U mantle must be replaced with another material, probably very
fine, paper-thin slivers of heavy material to reflect the X-rays onto the
fusion fuel.

Judicious design of the primary could reduce the amount of
fissile material to a few hundred grams and thus the amount of energy
provided by fission to about 40 per cent of the total energy released by
the detonation of a neutron bomb. This in turn implies that, for equal
numbers of neutrons, an enhanced-radiation weapon would release
10 times less blast, heat and radioactivity than a standard second-
generation nuclear weapon.

Even though this property of enhanced-neutron weapons indeed
reduces the collateral damage they would produce to the area they were
used in, it was found that their efficacy against properly shielded tanks
was limited and consequently a very large number of them would have
to be used to arrest even a modest tank attack.’ The collateral damage
and the fatalities to civilians from prompt radiation produced by that
many weapons would be devastating anyway.

IV. The X-ray laser

About 80 per cent of the energy released by a typical second-generation
weapon is in the form of X-rays. Thus a 1 Mt detonation will release
about 3 x 10" joules of energy in the form of X-rays which leave the
point of detonation isotropically, spreading out equally in all direc-
tions. It is commonly accepted that a ballistic missile can be destroyed
by an intense pulse of X-rays that could vaporize a thin layer of its skin,
and in that way generate a mechanical impulse that could shatter the
missile. The amount of X-ray energy density needed for such a damage
mechanism varies from a low of 2x 10* J/cm? for an unprotected
missile, to 10 times that amount for a missile designed to withstand
attack from a directed-energy weapon.® Given the fact that the energy
from the explosion will spread out over a surface whose area is 47r2,
where r is the distance from the detonation, we find that a 1 Mt weapon
could damage a ‘soft’ missile about 3 km away and a ‘hardened’ one
about 300 m away. Clearly if it were possible to concentrate the flux of
X-rays into a beam rather than let them spread out in a spherically
symmetrical fashion, a nuclear detonation above the atmosphere could
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perhaps damage missiles at a much longer range. An X-ray laser is a
device designed to do exactly that. The gain in distance that such a
device could achieve depends on two factors: how well the X-rays from
the detonation can be focused, and what fraction of their energy can
be put into the laser output. Thus the gain in energy density produced
by the X-ray laser is:

_Ar
7(6/2)2

where E is the fraction of the detonation energy appearing as laser
energy and 6 the small opening angle of the laser beam. Such a laser
would have additional advantages: since the device would be powered
by a nuclear warhead, it would be relatively light and compact. Since
it has large energy stores and emits at a nanometre (10~° m) wavelength
region (a highly efficient region for destructive purposes), it can pro-
duce enough energy flux over an area large enough to permit relaxed
requirements for aiming at a distant target. Since the burst of energy
produced by the weapon would be released in a nanosecond (10~? s) or
so, there is no need for tracking the target. It would suffice to fire ahead
of the missile to compensate for its motion during the time it would
take for the X-rays to travel from the point of detonation to their
target, i.e., the missile. It is worth examining then how such a device
would work, what it would consist of, and whether it could constitute
an operationally useful weapon

The X-ray laser is a modified second-generation nuclear weapon (see
figure 3.4). The primary is the same, but is probably larger than the
ones used to ignite the fusion in a fission—fusion—fission weapon. The
entire secondary and the 2*®U outside mantle have been removed. The
place of the secondary has been taken by a very thin fibre of some

Figure 3.4. Diagram of an X-ray laser

Another configuration would have many fibres surrounding a conical X-ray reflector in the
middle.
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material like copper, zinc or manganese, of thickness d and length /.
There is no 238U mantle. The working principle is easy: the energy of
the primary is focused by the diffused reflectors onto the thin metallic
fibre. As a consequence the fibre vaporizes into a fully ionized plasma
which, under the proper conditions, can support stimulated emission of
radiation (the basic principle of the laser) in the X-ray region.’

The working principle of such a system, what the energy of the
emitted photons would be, how much energy it could release, how
much energy and power it would require in order to operate as a
weapon and what its limitation, if any, would be are all explored in
appendix 3A. It must be emphasized that the system described in this
chapter is only one possible configuration of nuclear-powered X-ray
laser weapons that utilizes one of several physical principles that could
generate the necessary condition for lasing.

In appendix 3A it can be seen how a beam of soft X-rays can be
produced by pumping a thin metallic fibre with a nuclear explosive. It
appears that beam intensities of operational significance may be
difficult to produce, but mechanisms of production consistent with the
laws of physics clearly exist. Apparently there is some experimental
evidence from underground tests performed by the Lawrence Livermore
Laboratory that such a mechanism indeed has worked. A non-scientific
journal has reported the device to have produced about 10* joules of
laser X-rays.® That would be consistent with an X-ray laser such as the
one described here, which does not cycle but instead produces one flash
in a single pass.

Let us now consider the operational aspects of a ballistic missile
defence system based on nuclear-pumped X-ray lasers that somehow
have attained the 10! joule output needed to make them effective at a
range of D = 1000 km (see appendix 3A). In order to attack the missile
in its boost phase, the X-ray laser must be either in low Earth orbit or
popped up in time to attack the ascending booster.

From low Earth orbit the X-ray laser weapon has two disadvantages:
(a) it can be attacked or mined by the opponent prior to the ICBM
attack; and (b) since the weapon self-destructs once used, one must
have over the Soviet Union’s silo fields at any time of the order of 1 500
such weapons. Since the absentee rate for such a configuration is about
95 per cent,® we must contemplate a minimum of 2 X 10* such X-ray
laser platforms. The absentee ratio (A4) is given by

_ 4xrt

axbxR?
where rg is the radius of the Earth and R the range of the weapon;
a depends on the fraction of the orbit of the weapon which would be
within range of the missile base (in the case of the USSR, a=2), and
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b depends on the inclination of the weapon’s orbit. With optimal
inclination of 55°N, b is about 2.5, for R = 10® km. 4 = 30; that is,
only 3 per cent of the weapons will be effective at any one time.

There is an additional risk that must be considered here, and that is
the fratricidal effects of this weapon. Each X-ray laser must be pumped
with a nuclear explosion of the order of 0.1 Mt (for at most every 10
rods). The EMP and charged-particle fluxes generated by such a
detonation will in all probability damage or destroy other X-ray laser
platforms orbiting within tens of miles or even farther. That generates
a serious problem of deployment. If clustered in order to cover the
1500 or so launchers of Soviet ICBMs in quick succession, the X-ray
platforms run the risk of destroying each other when firing. If spaced
far enough to lessen fratricidal effects, the coverage they will provide
will be incomplete and the USSR may take advantage of launching
windows in the defensive system above their silo fields.

Some of these problems (but by no means all) can be mitigated by
popping up the X-ray lasers upon warning of attack. That approach
avoids the vulnerability of orbiting platforms and may reduce
somewhat the fratricide problem, but it has disadvantages of its own.

First, even if launched from launchers (sea-based or ground-based)
as close as 1000 km from the Soviet silo fields, the lasers must reach
a height of 500 km before they can attack, in a line of sight, the
ascending Soviet ICBMs above the atmosphere. This creates a timing
problem: modern Soviet ICBMs reach boost termination at about 200
seconds. A further generation of Soviet missiles could be designed to
reach boost cut-off at 50 seconds. ° Calculation of the time required to
detect a Soviet launch, decide to attack the missile, communicate the
messages to the X-ray laser launcher, launch the missile and allow the
laser to reach 500 km show that the pop-up manoeuvre will require at
the very least 200 seconds and probably twice that. Especially if the
X-ray lasers are based on submarines (which must be submerged in
order to be invulnerable), the time required for launch will far exceed
the time a Soviet ICBM needs to reach boost cut-off, depending on the
type of communication link with the submarine and the characteristic
time of launching from under water.

Second, if the X-ray laser weapon is launched from US territory, the
required height for line-of-sight attack on Soviet missiles increases to
several thousand kilometres, and the time needed to reach that height
increases accordingly, to say nothing of the energy requirements.

Finally, it is possible for the Soviet Union to deploy missiles that
reach boost-termination in 50 seconds while within the atmosphere.
Given the relatively low energy of the X-ray laser photons (~1 keV) it
is easy to calculate that the X-ray flux will be attenuated tenfold as it
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penetrates to 100 km above the Earth even if fired vertically
downwards. At a 10° angle to the horizon, this height increases to
120 km. It is now feasible for the Soviet Union to develop and deploy
ICBMs which can terminate their boost phase and start the MIRVing
process below those altitudes, with only 15 per cent loss of throw-
weight capability.

It appears then that even though the X-ray laser represents an in-
genious third-generation nuclear weapon, its operational utility, at least
for the mission for which it is advertised, is nil. Development of such
a weapon would require a large number of underground (and probably
also atmospheric) nuclear detonations that not only would make the
signing of a CTB very difficult but would in all probability have to
violate the Partial Test Ban Treaty of 1963 and the Threshold Test Ban
Treaty of 1974 that limits underground nuclear detonations to 150000
tons equivalent of TNT or less. Thus development of the nuclear-
pumped X-ray laser would be to the serious detriment of past and
future arms limitation agreements, since its testing or deployment
would be a violation of the 1967 Outer Space Treaty and the 1972 ABM
agreements.

V. The EMP weapon

About 0.3 per cent of the energy released by a nuclear detonation is
carried away by an initial pulse of y-rays. This pulse, that lasts about
10 microseconds or so0,'! contains y-rays predominantly generated by
the inelastic scattering of energetic neutrons (generated by the fission
process, but mainly by the fusion process, during the detonation) with
the bomb debris. A substantial amount of y-rays are emitted by the
highly excited fission products but these rays are almost completely
absorbed by the debris of the weapon before they can leave the point
of detonation. Since a megaton weapon releases 3 x 102® MeV of
energy into the environment, we can expect that about 102¢ MeV will
be emitted in the form of y-rays, the vast majority of which will have
energies of 1-2 MeV. These y-rays largely undergo Compton scattering
off the electrons of atoms they encounter as they leave the point of
detonation. In Compton scattering the y-ray interacts with a bound
electron imparting some kinetic energy to it. The electron as a conse-
quence detaches from the atom and flies away in the same general direc-
tion as the y-ray that hit it. Since the y-rays are, in principle at least,
emitted isotropically from the point of detonation, and since the
Compton electrons move in the same general direction as the incident
v-rays, the resulting flux of electrons is also isotropic (i.e. spherically
symmetric) about the point of detonation.
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Each Compton electron as it travels in the atmosphere knocks
additional electrons off the atoms of the air by simple ionization. In all,
each Compton electron generates about 30000 electron—ion pairs
before it loses all its kinetic energy. Since about 1 per cent of the y-rays
generate Compton electrons, the process generates a spherical distribu-
tion of about 1028 electrons around the point of detonation.

If nothing disturbs the spherical distribution of y-rays and electrons,
this charge distribution—positive, heavy ions, left near the point of
detonation, and electrons flying away in all directions—will not radiate
any electromagnetic energy. But if the perfect sphericity of the electron
charge distribution is disturbed by any means, the charges form the
equivalent of a dipole antenna that radiates away pulses of electro-
magnetic waves. This is one source, or production mechanism, of the
electromagnetic pulse, that almost always accompanies a nuclear
detonation. This is because either the ambient conditions at the point
of detonation provide the mechanism for the creation of an asymmetric
charge distribution, or because the weapon itself can be configured to
generate such an asymmetry.

In the case of an ordinary second-generation nuclear weapon,
the emission of a powerful EMP is induced by one of four major
mechanisms:

1. For a ground-level detonation, the Earth absorbs the y-rays and
electrons that move towards it, while those that move away from the
Earth generate an effective current which radiates like a dipole antenna
(see figure 3.5).

2. The weapon debris absorbs y-rays and electrons asymmetrically,
generating such a dipole independently cf the altitude of detonation.

3. The fact that the atmospheric density decreases with altitude
causes an asymmetrical absorption of y-rays: in the case of an endo-
atmospheric detonation high above the ground, those y-rays that travel
towards the sky have much less matter to interact with than those that
move towards the Earth and encounter much more dense air.

4. Finally, for detonations at exoatmospheric altitudes, say
300-500 km above ground, only those y-rays that move towards the
Earth generate any Compton electrons. Therefore the charge distribu-
tion is highly asymmetrical. In addition, Compton electrons that are
generated at the top of the atmosphere can travel very far before they
slow down. In the process they are bent by the ubiquitous geomagnetic
field. Since electrons travelling in curved trajectories emit electro-
magnetic radiation, these electrons constitute an additional source of
the EMP.

The characteristic strength, or amplitude, of this EMP is a function
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Figure 3.5. Diagram of the mechanism of generation of the EMP that accompanies a nuclear detonation on the ground

Neutron excitation of y-rays produces the y-ray flux which rapidly generates the outgoing Compton electrons. In turn, these cause, by ionization, additional
numbers of slower secondary electrons that in effect constitute a net electric current flowing away from the ground. A magnetic field flows clockwise in a plane
perpendicular to this current. As the electrons eventually return through the conducting ground back to the point of detonation, magnetic fields are formed inside

the ground.
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of the yield of the weapon, the asymmetry of the distribution, and the
mechanism that produces the pulse. In any case such an EMP becomes
less intense as one moves away from the point of detonation. Depend-
ing on the mechanism of generation and this distance, EMP can
damage or disturb electrical devices such as communcations equip-
ment, radars, motors and other electrical facilities.

The range at which an endoatmospheric or ground nuclear detona-
tion can cause such damage via the EMP varies from 10 to a few tens
of kilometres; the range of damage for an exoatmospheric detonation
can be as much as a few thousand kilometres. '

Because of these disruptive effects of the EMP, there have been
proposals to configure new types of nuclear weapon that would maxi-
mize the strength of the EMP created by their detonation. The
difference from a second-generation weapon would be that the EMP
device would be configured first to release as much energy as possible
in the form of energetic neutrons, since about 10 per cent of their
energy would end up in the form of y-rays, and second to release this
burst of neutrons, or y-rays, as asymmetrically as possible. One could
then imagine that such a weapon would be predominantly a fusion
device with a strong neutron or y-ray absorber surrounding half of the
fusion fuel. The utility of such a custom-made EMP weapon would be
to explode it endoatmospherically over the rear echelons of an oppo-
nent in order to disturb his command, control and communications
equipment; its exoatmospheric use would have indiscriminately
catastrophic effects over very large areas. Its advocates theorize that if
no substantial lethal damage results from such a weapon, either to the
combatants of the opponent or to the civilian population in the area,
it could be possible to use such a device without provoking a retaliatory
nuclear response from the opponent and without killing innocent
civilians while achieving a substantial military goal, that is, the disrup-
tion of the opponent’s vital command and control capabilities.
Technically such expectations are unfounded: a 1 Mt ground nuclear
detonation generates damaging levels of EMP over an area of 15
kilometres radius. Even if the custom-made EMP weapon could be
made 10 times as efficient in its generation of EMP, it would still take
a 100 kt weapon to disrupt communications over such an area. A 100 kt
weapon is 6 times more powerful than the Hiroshima bomb. Therefore,
there is little prospect that collateral damage to civilian population
would be minimal and no casualties, other than his command and
control system, would be sustained by the opponent. Under these
predictable circumstances, the probability is vanishingly small that an
EMP weapon is useable because it is not going to breach the nuclear
firebreak and lead by nuclear escalation into all-out nuclear war.
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Appendix 3A. The X-ray laser

To first settle on the dimensions of the lasing fibre and, through that, on the size of
the opening angle of the beam, the determining consideration is to keep the emission
angle as small as possible while avoiding diffraction losses. So

Gaigr. = 1.22)\/d 1

But since an X-ray laser has no mirrors, the geometric spreading of the beam will be
0 =d/l, where [ is the length and d the diameter of the fibre.
For the optimum emission angle, we set

1.22\/d =d/I
SO . .
d=(1220" and 6= @

We will examine a device that can produce laser light of about 1 keV photons; so
A=12x10""cm.

For reasons that we will discuss below, d cannot be larger than about 50 um so from
equation (2) upon squaring: 1.2 X 10”7/ = 25 x 1076 so /=200 cm. It follows that

8=/ =2.5%10"% rad. ®)

We will be examining the lasing properties of fully ionized zinc atoms (for Zn,
Z=30,A=63, ¢g="7.13 g/cm’) in order to find E, the conversion efficiency, and to
calculate the overall performance of the weapon. Let us consider a zinc rod 50 um thick
and 200 cm long. The volume of such a rod will be 2007(25 x 107%)? = 4 x 10~ cm?,
and its weight will be (7.13 g/cm?®) (4 x 1073 cm?®) = 3 x 1072 g. So the total number of
atoms in the rod will be (3 X 1072 x 6 x 10%?/63) = 3 x 10%° atoms. Since these 3 x 10?°
atoms have to produce many photons during the time the zinc rod can sustain
stimulated emission, each atom must be cycled, i.e., participate in the stimulated
emission of a photon many times.

Figure 3A.1. Partial energy states diagram of an almost fully ionized zinc atom, show-
ing the relevant tramsitions

The lasting transition is the one from the —0.5 keV state to the — 1.4 keV energy state.

Continuum
—0O5 keV
W ‘3 A=14x10"7 cm
_ —1-4keV  r=10" seconds hy=09 keV
—31keV
- r=210""seconds
— 122 keV
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The exact cycling requirements are determined by the degree of population inversion,
that is, effective population inversion density N*, and the time during which the fibre
can lase.!

Now we must assume a specific atomic configuration in order to calculate g. (the
lasing cross-section) and N*. Consider multiple ionized zinc atoms (1 electron left).

Let us assume that 10 per cent of all the energy gets into the rod and that the effic-
iency of converting this energy to 0.9 keV X-rays is 1072,

So E=1073, and the gain G is
G=10"3

4T 7
———=0.64%10 4)
(2.5 x 1073)?

Since the range of the weapon improves as the square root of the gain, a 1 Mt detona-
tion obtained by using an X-ray laser such as the one described here could in principle
damage a ‘soft’ missile 12000 km away and a ‘hard’ one 1200 km away. That could
be a remarkable weapon indeed, but the properties of matter do not support this
idealized performance.

The energy density of radiation at the end of the primary’s detonation (assuming a
~ 10 cm radius sphere radiating) is:

4% 10" J/3000 cm®=1.3x 10! J/cm?
7.6x 107 T4=1.3x10" J/em® so T=1.8x 10°K

The photon distribution as a function of energy at these temperatures would be as in
figure 3A.2.

Exposed to this radiation, the fibre will be transformed into a fully ionized plasma
column. u/g of Zn, where x is the absorption coefficient, is about 30 for 10 keV X-rays,

S0
I=1TIye—30%x7.1 xd/2 (5)

Since the rod must be fully ionized, 0.1 <I/lp < 1; let us set I/Ip=0.5, then
d =50 10~* cm, which is the size assumed at the outset of this section. As we shall

Figure 3A.2. Distribution of photons radiated from a ‘black body’ of temperature
108K

This distribution approximates very closely the distribution of photons emitted by the primary of
the laser weapon at the end of the fission process.

Ne

T=108K

1 keV 10 keV 50 keV
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calculate, there is enough energy at 12 keV and above to empty the ground state of the
zinc ion as many times as required by cycling.

Since the lower lasing state has a radioactive lifetime of 10~ ' seconds,? population
inversion is possible in the plasma during its non-equilibrium state immediately after
its formation. So in principle the X-ray laser described here is physically possible.

Conditions of temperature and ion and electron concentrations that can support
an inverted population can last for a time 7.=r,/u where r, is the radius of the
plasma and u the velocity of expansion of its boundaries.> For rp=25um and
u=5x10%cm/s, 7. = 1 nanosecond. Since the upper lasing state of our example has
a radioactive decay time of 7= 10~'3 seconds, it is possible in principle to recycle each
atom in the zinc fibre at most 10 times provided that: (@) the upper state is repopulated
faster than 10'? times per second by some mechanism; and (5) the stimulated emission
cross-section is larger than the absorption cross-section of the lasing photon.

Collisional recombination, and dielectronic radiationless recombination to the upper
lasing level of our example, can have rates of 10‘3/5 or better, provided the plasma is
confined for times comparable to 7.. With these assumptions in mind we can now
calculate whether it would be possible to build a working X-ray laser.

The stimulated emission cross-section is:

Ao

=2
A% 712 OV

6

Ge

where A=1.4x%10"7 cm;
o6y =30 eV due to Stark effect;
=7.2%x 10" Hz;
and  7La=10"15

So
Oe=7x1071

By comparison the absorption cross-section o, per atom will be smaller by a factor
v/dv or, in our case, ~30. But all electrons bound with energies less than 0.9 keV will
be potential absorbers.

So the fraction of atoms in the fibre that can support lasing is:

£

N
~ =T b= 10! %)

where 7. = number of potential absorbers, in this case 3.4

Since we have 3 x 102 atoms in all the fibre, we need N*~ 3 x 10", So the total gain
per unit length is G = N* X g. ~ 10, or more than enough for super-radiant operation
of the laser.

How much power would we need to maintain this inverted population?

. 12 keV
The power needed is Ppump/atom =10—_15—~ 1 watt
s
We need ~ 10'° watts (W) in 107% s = 10'° joules worth of photons of 12 keV and

upwards.

So we need 1026 12 keV protons absorbed in 10~° s by an assembly of ~ 102° atoms
to maintain a population inversion of 10 per cent over that time. This is a very
large amount of energy, all contained in a very small amount of matter. While it is
difficult to imagine how such power and energy densities (2.5 x 102! W/cm? and
2.5 x 10" J/cm?3, respectively) can be achieved by any pumping mechanism other than
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a nuclear detonation, it is clear that a nuclear detonation can generate such conditions
for a very brief period of time (~ nanosecond range). The question now is whether the
system can cycle enough times to produce the desired energy output.

Since the limiting radiative transition is ~ 10~ s, the system has a chance to cycle
at most ~ 10‘:.times. So it appears that a single fibre could produce at most 10%J of
1 keV X-rays independently of the amount of energy available to it by the nuclear
detonation. But in order to attack a missile 12000 km away even with an opening angle
of 8=2.5x 1075 rad, the needed energy would be about 5x 10'2 J, which is four
orders of magnitude larger than what the laser can produce. Inversely we can calculate
the distance at which such a laser would be effective against a soft missile:

108 J = 27 (6d)? 10°

giving D = 50 km. Clearly such a weapon would not be useful against a ballistic missile.
There are remedial steps that can be taken to improve this range somewhat. For
example: (@) multiple fibres of zinc could be used in an X-ray laser weapon all aimed
at the same target; and (b) the confinement time during which the plasma could
support stimulated emission could be increased, say, by an order of magnitude by a
cylindrical compression wave.
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4. Global consequences of a nuclear war: a review of
recent Soviet studies

A. S. GINSBURG and G. S. GOLITSYN, Institute of the Physics of the Earth’s
Atmosphere, and A. A. VASILIEV, Institute of the USA and Canada Studies,
Academy of Sciences of the USSR

Superscript numbers refer to the list of references at the end of the chapter. The Russian language
references are given below this list. A bibliography of world literature published in English appears
in appendix 4A.

1. Introduction

Intense studies of the global consequences of nuclear war have been
undertaken in recent years. These studies are not a mere abstract
scientific endeavour. Today, in a period of acute international tension,
the problem of the use of nuclear weapons affects wide sections of the
population. In this context, the efforts of scholars in many countries
and various scientific fields, trying to investigate thoroughly and
expose the results of a nuclear conflict, are a logical continuation of the
anti-war activities of scientists. These studies are not merely a develop-
ment of scientific work undertaken several decades ago; the investiga-
tion of the global conseqences of war reflects scientists’ concern about
the universal nature of nuclear conflict. Producing new, scientifically
based evidence of the impossibility of a ‘limited’ nuclear war, they
show the mechanisms that will inevitably operate to expand the effects
of nuclear arms to global dimensions.

II. A global catastrophe

Soviet scientists have always paid great attention to the meteorological,
climatological and ecological effects of nuclear explosions. Several
monographs published in the USSR in the 1970s concentrated on the
problems of the spread and fall-out of radioactive products, the impact
upon the stratospheric ozone layer, the ecological consequences of
radioactive fall-out and destruction of ozone as well as the possibility
of a global ecological catastrophe due to nuclear war.

A new impetus to such studies was given by the All-Union Con-
ference of Scientists for the Elimination of the Threat of Nuclear War
that took place on 17—19 May 1983 in Moscow. Participating in the
Conference were more than 500 Soviet scholars representing different
branches of science. Among 50 foreign guests were world-renowned
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scientists from 20 countries, such as B. Lown, D. Pal, D. Hodgkin and
J. Rotblat.

Many of those who took part in the debate raised the issue of the
global consequences of nuclear conflict. For example, Academician E. P.
Velikhov pointed to its impact on the delicate balance of the Earth’s
biosphere and the genetic basis of life, and the way nuclear explosions
can affect the ozene layer and the transparency of the atmosphere; the
latter is likely to deteriorate drastically because of the huge quantity of
aerosol that would rise into the atmosphere as a result of explosions
and fires caused by blasts.

The President of the Academy of Medical Sciences of the USSR,
Academician N. N. Blokhin, stated that “the disastrous consequences
of a nuclear war for mankind are caused not only by the direct influence
upon men of the destructive factors of nuclear arms but also by the
emergence on the territories subjected to an attack and on the planet
as a whole of new environmental conditions unfavourable for life”.
The global effects would result from the fact that the attacks targeted
on surface oil-tanks, including those in ports, along with the spreading
of oil over the surface of seas, oceans and soil, would “cause a growing
pollution of the biosphere by the products of combustion of giant fires”.

Corresponding Member of the Academy of Sciences of the USSR
L. P. Feoktistov noted that the direct effects of a nuclear explosion can
be increased many times by the choice of target. The light radiation
from the explosion of a bomb of 1 Mt above large tracts of forest could
start an immediate fire in an area up to 1000 square kilometres,
containing about 10 million cubic metres of wood. The heat produced
by the fires would be dozens of times greater than the energy of the ex-
plosion itself. The fire would be accompanied by powerful winds
caused by the updraft of the heated air into the upper layers of the
atmosphere and the sucking in of cold air from the periphery.

It was calculated that the bombs in the arsenals of the USA alone are
enough to burn down 10 million square kilometres of forest. The
overall heat release in this case would be comparable to the energy con-
sumed by mankind throughout several decades. The smoke of the fires,
if elevated into the upper layers of the atmosphere, would significantly
attenuate the flow of solar energy to the Earth’s surface.

Academician A. M. Obukhov and Corresponding Member of the
Soviet Academy of Sciences G. S. Golitsyn pointed out the processes
in the climatic system which would cause a reorganization of the
thermal and dynamic regime to result from nuclear explosions and
fires connected with them. They were the first to note that the aerosol
that finds its way into the stratosphere as a result of the explosions and
fires may significantly slow down the process of restoration of the
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ozone layer damaged by nitric oxide produced by nuclear blasts. The
estimates that they presented show that forest fires covering 1 million
square kilometres would produce thermal energy comparable to the
overall kinetic energy of the winds on the entire surface of the Earth
(6 x 10%° J to 7 x 10%° J). The release of such an amount of energy in
the course of approximately a month is likely not only to create very
strong local winds but also to notably reorganize the atmospheric
circulation. They also indicated that the atmosphere could warm up
because of the heavy absorption of solar radiation by smoke and the
accompanying loss of heat by the Earth’s surface (a similar effect is
observed during the global dust storms on Mars).

The heating of the air would lead to lower relative humidity. This in
turn would mean that the atmospheric lifetime of smoke and dust
particles would be significantly increased and that the exchange of heat
and moisture between the atmosphere and the underlying surface
would be reduced.’

Corresponding Member of the Soviet Academy of Sciences A. A.
Gromyko drew attention to the particular danger that a nuclear war
presents to the developing countries, most of which are situated in
tropical and desert areas or on ocean islands: “The research shows that
the blasting of nuclear explosives in these regions will disturb their
ecosystem that was created throughout millions of years, for these
ecosystems are fragile and unstable and any interference may cause
most serious damage to them.”

Studies of the global consequences have evolved along the following
directions: (@) numerical modelling to show how ‘nuclear winter’ might
set in, based on models of atmospheric general circulation; () ascer-
taining the physical processes through which climatic changes occur;
and (c) the specification of biological and ecological consequences of
a nuclear winter, radioactive pollution and the destruction of ozone.

Ozone levels

The changes of the ozone content of the stratosphere after the injection
of nitric oxides due to a series of nuclear explosions have been exam-
ined in detail in Meteorologia i Hydrologia.? The analysis shows that
the detonation of explosives in the megaton range with an overall
explosive force of 10* Mt would destroy 30—60 per cent of the total
amount of ozone in the northern hemisphere. High injection rates are
likely to considerably enhance the concentration of ozone below the
level of injection owing to an increase in ultraviolet radiation caused by
the destruction of the ozone in the upper layers of the stratosphere.
Izrael® describes the main large-scale consequences of a nuclear war
and their influence on ecological systems. The large-scale spread of
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radioactive products affects ecosystems by radiation and changes in
electrical characteristics of the atmosphere. The pollution of the
atmosphere by radioactive products and dust alters the radiation
characteristics of the atmosphere, changes weather and climate, and
causes deterioration of ecosystems because of the reduction of solar
radiation. The climate is also affected by changes in the gas compo-
sition of the atmosphere brought about by nitric oxides, ozone,
methane ethylene and the formation of tropospherical ozone and other
gases which significantly affect the thermal exchange in the atmosphere.
Changes in the albedo (radiation reflection capacity) of the Earth’s
surface owing to fires can also cause changes in climate.

It is furthermore noted by Izrael® that surface explosions would send
up to 5000 tonnes of rock per kiloton of nuclear explosion power into
the atmosphere, of which about 1000 tonnes would be made up of par-
ticles up to 3 um in size. The average size of aerosol particles formed
by explosions in air is a fraction of a micrometre.

The joint effect of the injection into the atmosphere of nitric oxides
and aerosol is examined at some length by Obukhov and Golitsyn.>
Described in particular is the effect observed in 1978 by a Soviet
cosmonaut, G. M. Grechko: while on board an orbital station,
Grechko noticed blue stripes above the horizon, inside which could be
seen thin layers of a lighter shade. Calculations carried out in the
Institute of the Physics of the Earth’s Atmosphere of the Soviet
Academy of Sciences showed that the stripes are formed by light
passing through these layers and that the emergence of the lighter-
coloured interval is due to the reduced concentration of ozone at these
altitudes because of its destruction by aerosol particles.

As we know, ozone molecules colliding with aerosol particles interact
with the active centres on their surface and as a result the molecules can
be destroyed. The joint effect of nitric oxides and aerosol in the
stratosphere may destroy up to 80—90 per cent of the ozone. The
destruction of ozone ‘opens up’ a window in the spectral range of
240-320 nm (nanometres). The solar radiation in this ultraviolet part of
the spectrum is carcinogenic in large doses. The spectrum between 240
and 280 nm is especially dangerous; the mutagenic and lethal doses here
are of the order of 1—-1000 J/m?. If 10 per cent of the ozone were to
remain in the atmosphere, exactly 1000 J /m” in the range 240—280 nm
would annually reach the surface of the Earth in the tropics.

III. The nuclear winter

In 1983 Soviet scientists published a number of papers devoted to the
elaboration of the nuclear winter hypothesis—that is, of a strong drop
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in the temperature of the Earth’s surface caused by the global spreading
in the atmosphere of tiny particles of smoke from mass fires of a
nuclear explosion.®

According to these studies one can assume that a nuclear winter
would result from the following sequence of basic physical processes in
the climatic system. In normal circumstances the energy radiated by the
Sun is absorbed by the land surface, by the ocean, and to a lesser extent
by the atmosphere. The radiation of the Sun warms them up non-
homogeneously in different latitudes and in different seasons of the
year. Uneven heating sets the atmosphere and ocean layers into motion
and is responsible for the climate to which ecological communities
and man have adjusted. Natural and anthropogenic changes (due to
the development of the world economy) in climate occur rather
slowly—in the course of several decades or more. But in a global
catastrophe such as a nuclear war the alteration of the atmosphere and
surface of the Earth would occur much more rapidly.

The estimates show that the use of even a small portion of the
stockpiled nuclear explosives (10—20 per cent) would cause forest fires
over an area of the order of 1 million km?. Cities, industrial enterprises,
and oil and gas tanks would also be aflame. An immense amount of
dust would immediately be raised into the atmosphere by the explo-
sions. Smoke, dust and soot would saturate it to such an extent that the
sunlight near the surface of the Earth would be tens or hundreds of
times dimmer. ‘Nuclear night’ would fall upon the Earth. Crutzen and
Birks were the first to pay attention to this phenomenon.’

On the basis of data supplied by the US Forest Service, they showed
that forest fires covering approximately 1 million km? eject into the
atmosphere 200—400 million tonnes of smoke and soot particles. This
quantity of aerosol would drastically dim the sunlight.

Why the temperature drops

Why is nuclear night followed by nuclear winter? It is common
knowledge that the Sun’s rays warm up the land and the oceans, which
in turn heat up the atmosphere. It is also known that the Earth’s
atmosphere is much more transparent to solar radiation than to the
thermal radiation emitted by water and land surfaces. As a result, the
Earth’s atmosphere is some 30°C warmer than it would be if the
atmosphere were equally transparent to solar and thermal radiation.
These 30° constitute the so-called ‘greenhouse’ effect of the Earth’s
atmosphere.

Filling the atmosphere with particles which scatter the solar radiation
(dust) and absorb it (smoke) decreases sharply the amount of solar
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energy reaching the surface of the Earth. In addition the absorbing
aerosol renders the atmosphere about as transparent to solar radiation
as it is to thermal electromagnetic radiation. Thus, when it is saturated
with aerosol, the greenhouse effect of the atmosphere is decreased.

The thermal effect of aerosol is, in certain respects, similar to the
effect produced by clouds. As is known, clouds in daytime (or in
summer) cool the land by reflecting part of the solar radiation, but at
night (or in winter) they moderate temperature falls by constraining
the thermal emission of the surface. Aerosol tempers fluctuations of
temperature in time and space in the same manner, regulating fluxes of
solar and thermal radiation in the atmosphere. The effect depends on
optical properties and the height or location of an aerosol cloud. For
instance, sulphuric aerosol and dust particles find their way into the
Earth’s stratosphere after major volcanic eruptions and, staying in it
for a year or two, cause a decrease of the surface temperature.

Smoke, soot and especially such products of city fires can virtually
bar energy from reaching the surface of the Earth. As a result, solar
radiation is absorbed solely by the atmosphere. In this case, the surface
is warmed by thermal emission of the atmosphere, not by solar radia-
tion. The temperature of the surface drops by tens of degrees cen-
tigrade, coming close to the temperature of the aerosol layer which has
absorbed the solar radiation. As a consequence, the greenhouse effect
becomes disabled, leading to nuclear night and nuclear winter.

Smoke warmed by the Sun spreads upwards and sideways from the
sources of the fire. In about one month, a huge cloud of smoke and
dust may envelope the northern hemisphere and begin spreading into
the southern hemisphere. Over the oceans the smoke cloud perceptibly
raises the temperature of the lower layers of air. Smoky atmosphere
over the oceans absorbs both solar radiation and heat emission of a
cooling ocean, and thus has its temperature raised even more.

Such contrasting temperatures between ocean and land produce a
situation well known to meteorologists: winter monsoon of the dry
season in southern and south-east Asia. City and forest fires will pro-
ceed for about a week, and in one month a dense cloud of microscopic
particles of smoke and dust will cover both hemispheres. Land
temperatures in the interior of the continents, even in the tropical belt,
will go down to 0°C.?

Pollution by forest fires

Some additional information on natural fires is given below. Russian
chronicles contain data on large fires in northern Russia beginning in
the year 1092. According to The Nikon’s Chronicle, during huge forest
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fires in 1371, a person standing in the thick smoke that lasted for two
months could see spots on the Sun with an unaided eye. Not only
woods but dried swamps were also burning. Wild animals, having lost
their scent, wandered among people; birds lost their orientation and fell
to the ground. ® Arkhangelsk province was afflicted by a storm of forest
fires during the entire summer of 1881; smoke spread over Arkhangelsk
and hampered breathing. During giant fires in Siberia in 1915, an area
of 120000 km? was scorched. Because of heavy smoke the cereals
ripened two weeks late, giving small, puny grain. In some places the
smoke shroud was so thick that buildings five to six steps away could
not be seen. '°

Large fires (covering more than 200 hectares) bring the greatest losses
to the forest; they last for a long time, take on the dimensions of
natural disasters and are extinguished mainly by natural precipita-
tion.'" According to visual estimates, the smoke layer (with an eroded
upper boundary) attains a height above the ground of approximately
3.5 km, and reduces the visibility at the atmospheric boundary layer to
about 500 m.

The smoke plumes from recently initiated small fires are 10—100 km
in length. More extensive old fires have plumes of up to 200 km. During
mass fires, according to satellite observations, smoke plumes can reach
up to 300—400 km. At some distance from the fires the plumes coalesce
forming a single, ribbon-shaped cloud. '?

We may note that the most common height of smoke plumes rising
from large forest fires is 2—3 km; greater heights are rather rare. This
can probably be explained by the fact that fires usually take place in dry
weather and as a rule are connected with anticyclones. In the central
latitudes, where one finds anticyclones, large-scale downward motions
take place which appear to limit the height to which the smoke rises.

Smoke output estimates are given below. The stock of dry combust-
ible material in the most productive forests of middle latitudes of the
northern hemisphere is 25—30 kg/m?. Approximately 15—20 per cent of
this material is easily inflammable and can be burnt up completely—
moss, dead twigs and leaves.!? In pine woods the stock of needles is
0.6 kg/m?; in cedar woods it is 0.2—1.1 kg/m?; in broad-leafed forests
the fallen dry matter is nearly 0.3 kg/m?. The stock of dry combustible
material in the timber of, for example, pine woods totals from 8 to
30 kg/mz. In forests of low productivity, the stocks of dry material are
not large—just below 1kg/m?. The average stock of dry timber is
about 15 kg/m?.

Observations of forest fires suggest that twigs up to 4 cm in diameter
burn out completely, and, overall, 15-20 per cent of timber burns out.
The fallen dead material burns out completely as a rule. ** The propor-
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tion of burnt-out peat varies greatly. Thus, excluding peat, the average
figure for burnt-out material in forests is 5—10 kg/m?2. The smoke out-
put for the burnt-out dry timber is approximately 2 per cent by mass.
This result was derived from a special experiment on estimated smoke
output according to LIDAR (light detecting and ranging) data from
burning out a stock of timber. The stock, with the dimensions
6 X 6x2.5m and a weight of 9 tonnes, gave 160 kg of smoke, which
is 1.8 per cent of the initial weight. '’

Smoke estimates made by Golitsyn, '® based on Soviet data on forest
fires, showed that the quantity of aerosol particles getting into the
atmosphere from fires covering 1 million km? may total 150 million
tonnes in summer, with lower estimates for the rest of the year. This
amount of smoke can be instrumental in changing the regular structure
of atmospheric temperatures and cause significant cooling of the land
masses.

In addition to forest fires, the phenomenon of nuclear winter can be
brought about by city, gas and oil fires. In major cities the quantity of
combustible materials goes up to hundreds of kilograms per square
metre. According to Ambio'” and successive publications, fires in
inhabited areas produce at least double the amount of smoke and soot
in the atmosphere compared to forest fires. One should further bear in
mind that particles produced by burning oil products and plastics
absorb solar radiation more intensively than those from forest fires.

Natural analogues: volcanoes, Martian storms and ‘asteroidal winter’
y

Specialists in atmospheric physics and the theory of climate in the
USSR, the USA and other countries have, over the past 10—15 years,
paid ever-growing attention to the effect that atmospheric aerosols have
on shaping the climate of the Earth and other planets. Notable among
these pieces of research are those covering the impact of industrial
aerosols and major volcanic eruptions on the climate. The development
of nuclear winter theory has been significantly aided by studies of the
climatic effects of global dust storms on Mars and of feasible high
concentrations of dust in the Earth’s atmosphere as a result of a
hypothetical collision of the Earth with an asteroid approximately
10 km in diameter, 65 million years ago.!®

Further development of these lines of research by Soviet and US
climatologists have shown that nuclear night will be followed by
nuclear winter. The basic research on this phenomenon was carried out
in 1983. Outstanding work was done by a group of US scientists who
utilized a model developed to study the climatic aftermath of an
asteroid impact on the Earth to estimate the trends in temperature of
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the Earth’s surface resulting from fires initiated by nuclear war. They
came to the conclusion that a concentration of dust in the upper layers
of the atmosphere and smoke in the lower layers following a full-scale
nuclear war would push the temperature of the land surface down by
40—50°C for a period of up to several months.

In parallel, the Computing Centre of the Soviet Academy of Sciences
produced a digital forecast of nuclear winter, proceeding from a model
of the general circulation of the atmosphere.'® The Institute of
Atmospheric Physics studied the physical mechanisms of the develop-
ment of atmospheric and climatic changes due to a nuclear conflict and
performed a comparative analysis of the nuclear winter phenomenon
and of dust storms on Mars.2° Comparison of these studies with the
research done by US scientists®! shows that, despite differences in
nuance and detail, both groups agree that the fires caused by nuclear
war are capable of bringing land temperatures down by 20—50°C in
various regions.

When the nuclear winter theory is discussed, a question usually
arises: do phenomena even partly resembling nuclear winter exist in
nature? As mentioned above, dust storms on Mars provide a real and
well studied global analogue of the climatic aftermath of a nuclear war.
These Martian storms cause the surface of that planet to cool and its
atmosphere to warm in the same fashion as is postulated for a nuclear
winter on Earth.?

Dust storms on Mars have been traced by means of astronomical
observations since the end of the 18th century. They were usually
spotted during great oppositions, when Mars is at its shortest distance
from the Earth and the Sun. In such periods, Mars receives 20 per cent
more solar energy than average, owing to the marked elliptical
character of its orbit. Dust clouds form, as a rule, at those latitudes of
the southern hemisphere of Mars which on Earth are subtropical to
temperate, at the end of spring. In a few days dust covers this whole
zone, then starts spreading in a meridional direction, and in a week or
two covers the whole planet. By absorbing solar radiation, the dust-
filled Martian atmosphere is heated up by 20—30°C and becomes even
warmer than the surface, which during a dust storm cools to 10-15°C
below the usual temperatures. On Mars the veil of dust goes beyond an-
nihilating the greenhouse effect and creates the so-called anti-
greenhouse effect, which makes the surface of the planet somewhat
cooler than the atmosphere. This picture of a global dust storm on
Mars was pieced together on the basis of measurements made by Soviet
and US interplanetary stations, including the US Viking stations.??

During the history of human civilization, the Earth has not,
evidently, experienced the drastic global aerosol pollution that is
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common on Mars. But the possibility cannot be discarded that some 65
million years ago the Earth collided with an asteroid some 10 km in
diameter and that so much dust went up into the atmosphere that an
‘asteroidal night’ descended, followed by an ‘asteroidal winter’. Many
scientists believe that such a climatic catastrophe could have taken
place, causing the extinction of dinosaurs and other major animals.*

Notable among the events that are borne in the memory of humanity
are volcanic eruptions. The destructive power of volcanoes is enor-
mous. Thus, the eruption of a volcano on the island of Santorini in
about 1500 BC destroyed the island completely, Some scientists link
this eruption with the disappearance of the legendary Atlantis and the
biblical “darkness that befell Egypt”.?’

In the last century, the largest eruption was that of the Tambora
volcano in Indonesia in 1815. The next year was called “the year
without a summer” in northern America and western Europe. In New
England, summer 1816 saw falling snow in June and freezmg
temperatures in July and August.

One of the sequels of the Tambora eruption could be the epidemic
of cholera in Bengal that took place against the background of the poor
harvest, hunger and unusual cold of 1816. In 1823 cholera reached the
Caucasus and in 1830-32 it swept Europe and northern America. Such
pernicious ramifications could be produced by a drop in temperature of
several degrees during one summer. ¢

Ecological and economic consequences

The main ideas regarding nuclear night or nuclear winter were
developed during 1983. Research proceeded in different directions:
analysis of ecological and economic consequences of nuclear winter;
and more precise definition of physical processes which occur in the
atmosphere and on the surface of the Earth because of multiple nuclear
explosions and resulting fires. The report of the Committee of Soviet
Scientists Against Nuclear War, called ‘Global consequences of nuclear
war and developing countries’, 27 is an example of research in the first
direction. The report states that although modern science is incapable
of making an evaluation of all the fatal consequences of nuclear winter
and other aspects of nuclear war for the ecological systems, agriculture
and economies of tropical zones, what is already known is enough to
conclude that tropical agriculture in Africa and in most tropical
countries of Asia and Latin America would cease to exist. Tropical
crops will not only be destroyed as a result of the cold and darkness but
will also not be revived because of the termination of deliveries of insec-
ticides, other pesticides and chemical fertilizers from the developed
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countries. Tropical forests, which are one of the main sources of
oxygen and a sustainer of organic life on Earth, will be destroyed by
even a short period of darkness and cold because they can survive only
within a narrow climatic range and cannot endure dramatic fluctuations
of the temperature and light levels. Nuclear war would doom the
majority of the population in the developing countries to cold, hunger,
illnesses and in the long run to possible extinction.

Global climatic and ecological consequences of nuclear war, as well
as local, regional and world effects of multiple nuclear explosions, are
being discussed by scientists in the USSR, the USA and some other
countries at meetings, seminars and symposia organized on a bilateral
and multilateral basis in the course of a number of international scien-
tific projects. An example is the project ‘Environmental effects of
nuclear war’ (ENUWAR), which is being carried out by the Scientific
Committee on Problems of the Environment (SCOPE) of the Interna-
tional Council of Scientific Unions (ICSU). This project was under-
taken upon the recommendation of the General Assembly of the ICSU
in 1982 in order to prepare an objective and competent report on pos-
sible nuclear war effects on mankind and the whole biosphere of the
Earth. Seminars and meetings under the SCOPE/ENUWAR project
have so far beeen held in Stockholm, Delhi, London, Leningrad and
Paris.

It is worth dwelling at some length on the results of the seminar
‘Climatic effects of nuclear war and their influence on the biosphere’
which was held in Leningrad in May 1984. Twenty scientists from eight
countries (Australia, Denmark, France, Japan, Spain, Sweden, the UK
and the USA) and 30 Soviet scientists participated in this seminar.

There were three reports by Soviet scientists given at this seminar
apart from reports by R. Turco (USA) on nuclear war scenarios,
P. Crutzen (FR Germany) on nuclear war fires, and A. Summerfield
(UK) on psychological effects of nuclear war.

The report?® on the ecological effects of nuclear war indicated the
main processes which lead to the degradation of ecological systems as
a result of multiple nuclear bursts:

1. Radiation shock. In the areas affected by massive use of nuclear
weapons the level of radiation will be 500—1 000 rad which is lethal for
most mammals and birds and sufficient to radioactively contaminate
trees, especially coniferous ones, to a serious degree.

2. Fires. Ignition and spread of fires will cause, according to some
estimates, about 20 per cent of the forests, 15 per cent of the plains and
50 per cent of the agricultural areas of the northern hemisphere to
burn.
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3. Nuclear winter. Sharp temperature fall will cause freezing of
plants over large areas and death of many animal populations.

4. Radioactive contamination. The radioactive contamination level,
due to the destruction of nuclear energy plants and the resulting scatter
of nuclear fuel stockpiles, will be equal to a chronic radiation dose of
0.3-3 rad per day.

5. Acid rain. This may cause an average fivefold increase in the
acidity of the soil because the possible injections of nitric and sulphur
oxides, as a result of nuclear bursts and fires, are estimated to be equal
to 10 times the contemporary annual anthropogenic injections.

6. Ozone. Destruction of the ozone layer will cause an increase in
ultraviolet radiation after the nuclear winter. This may hamper
photosynthesis and harm bacterial flora of the soil surface layer as well
as weaken the immune systems of animals.

Other research

It was noted in one report®® that three-dimensional models describe

most completely the processes taking place in the atmosphere, although
they take up a lot of computer time. At present the question of
modelling the smoke and dust transport, taking into account feedback
between it and flow dynamics, has not been sufficiently studied. The
main priority should be given to sharpening our knowledge of the
optical characteristics of polluted atmospheres: developing models of
medium-scale processes in the presence of strong temperature con-
trasts, for example in coastal areas of a cooled continent and still warm
ocean.

In discussing potential but as yet unstudied atmospheric effects of
nuclear explosions it was suggested that larger than expected amounts
of nitric oxides might develop, especially as a result of high-altitude
nuclear bursts. 3 Not only can nitric oxides destroy the ozone layer, but
they can also absorb large amounts of solar energy, thus leading to the
substantial fall (by several degrees) of the average temperature of the
Earth’s surface.

Several meetings took place in August 1984: a meeting of Soviet and
US scientists devoted to the problem of global consequences of nuclear
war (Computer Centre of the Academy of Sciences of the USSR,
Moscow), the fourth international seminar on nuclear winter (Erice,
Italy), and a Soviet—US seminar on minor gas tracers (Vilnius,
USSR) at which there was a special SCOPE/ENUWAR seminar on
‘Geophysical aspects of possible nuclear burst effects and the problem
of precipitation scavenging’.

Izrael*! pointed out two categories of direct effects of bursts on the
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atmosphere. The first has to do with a change in the aerosol content of
the atmosphere and the second with electrical characteristics. The latter
involves a change in radioactivity and gas composition of the atmos-
phere and the albedo of the underlying surface. About 50 per cent of
the particles which are emitted into the atmosphere during ground and
low-altitude air bursts are made up of aerosol particles with a radius of
1 um; the total mass of these particles is equal to 2 per cent of the total
mass of the produced aerosol. A month after a full-scale nuclear
conflict involving primarily megaton-size weapons, about 10 tonnes of
dust would remain in the stratosphere. Absorption of solar radiation in
the first two weeks would produce a substantial increase in the at-
mospheric temperature. A cooling down of the land surface by 30°C,
on average, would then begin. The gas composition of the atmosphere
would be noticeably transformed. Specifically, nuclear bursts and fires
produce nitric oxide which, after the atmosphere has been cleared of
aerosol mixtures, may create a pronounced greenhouse effect, increas-
ing the surface temperature by 5—70 °C.3? :

Budyko?® described possible ecological effects of serious aerosol
pollution of the atmosphere after a catastrophically powerful volcano
eruption and a hypothetical fall of an asteroid to the Earth. These
effects are compared with the global consequences of nuclear war.

Buetner and Shabanova3* described the changes in seasonal
temperature levels near the Earth’s surface which occur if about 100
million tonnes of optically active particles pollute the stratosphere.
Comparison of empirical data on aerosol lifetimes in the stratosphere
and typical temperature relaxation times of the land and ocean surfaces
show that, regardless of when during the year a nuclear conflict broke
_ out, the next vegetative season would be practically lost; thus the cultiva-
tion of most agricultural crops would be impossible.

An earlier model®® was improved by taking aerosol transport into
account.®® It shows that at the beginning this transport would not
noticeably influence the climatic system. This influence would manifest
itself about a month after the nuclear bursts and fires, and would be
especially pronounced in the tropical areas and in the southern
hemisphere. The transport of aerosol would result in a less dramatic
temperature fall in the northern regions; if one compares this result
with the model which assumes a uniform distribution of aerosol, >’ then
one observes an additional fall in temperature of about 10°C in the
central regions of Africa and South America. The global transfer of
aerosol results in the clearing of the lower layers of the atmosphere, and
accumulation of aerosol in the upper troposphere, where it can remain
for several months. This mechanism prolongs the nuclear winter.

The vertical development of a horizontally homogeneous smoke
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layer over a large-scale forest fire was studied.?® In a burning forest
smoke may rise to approximately 5 km for a period of about a month.
Taking account of the absorption of sunlight by particles of burning
products, the upper boundary of the developing smoky convective layer
may reach the tropopause (about 11 km up) in about two weeks.
Ginsburg and Golitsyn>® presented estimates of the rate at which the
smoky atmosphere heats as a result of its absorbing solar energy, and
the rate of the air temperature change in the cloud of smoke.

Theoretical and laboratory study was done on the possible
mechanism of atmospheric cyclone activity suppression.“® The authors
showed that the main cause of such a change in atmospheric circulation
is a strong increase of the vertical stability of the smoky and dusty
atmosphere as a result of its heating by solar radiation and the surface
cooling. This reveals one more parallel between nuclear winter and
Martian dust storms. In normal conditions Viking stations registered
regular changes of cyclones and anticyclones, while during dust storms
cyclone activity on Mars stopped.

Most Soviet research findings on the global effects of nuclear war
completed by mid-1984 are collected in a book to appear at the
beginning of 1985: The Night After: Climatic and Biological Conse-
quences of a Possible Nuclear Conflict. Published by Peace Printing
House in Russian and English, this book presents articles and opinions
by several leading Soviet scientists on these problems.

Articles on these issues were published by the central Soviet press
organs*! and by the Scientific Council on Peace and Disarmament
Problems.*?

Soviet scientists work in close contact with scientists from other
countries on the problem of the global consequences of nuclear war. An
example is the US—Soviet article in Ambio.** The problems of co-
operation between Soviet and US scientists are discussed by Alex-
androv and Moiseyev. 4

IV. Conclusion

This review of Soviet research on the global consequences of nuclear
war shows that most of this activity was undertaken in recent years.
Results essential to explaining the role of those physical processes of
the Earth’s climatic system that cause nuclear winter were obtained.
Corroborative assessments of Earth surface cooling, as a result of the
atmosphere filling with the burning products of ‘nuclear firestorms’,
were based on climatic models greatly differing in various complex
details.
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All the main aspects of the climatic consequences of nuclear war have
been analysed in detail, that is: what would burn and where; how much
smoke would form; the height and distance it would spread; the time
it would remain in the atmosphere; how the atmosphere would heat and
the Earth’s surface would cool; what changes it would cause in
precipitation and in the general circulation and which feedbacks would
start working in this complex system.

Quantitative estimates may be given for some of these problems.
Others can be analysed only qualitatively. On the whole the problem is
so complicated—and the possibility of climatic catastrophe due to
nuclear war is so real—that co-ordinated international efforts are
needed to carry out further systematic research.

Both Soviet and foreign scientists have concluded that the effects of
nuclear war would reach the most remote areas of the world. Thus it
is clear that ideas of using nuclear weapons even in regional and local
crisis situations and equipping ‘rapid deployment forces’ with nuclear
ammunition represent a threat to all mankind. By revealing the climatic
consequences of nuclear conflict, scientists from different countries
have shown the inconsistency of the concept, still held in some circles,
that it is possible to ‘wait out’ a nuclear war, far from its core. Today

it is becoming more and more evident: “Should nuclear fire start, it will

spare no one”.*
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Appendix 4A. Nuclear winter: a bibliography

ARTHUR H. WESTING

Literature citations in section I are given in section III.

1. Introduction

It was suggested in 1982 that a large-scale nuclear war might inject dust and especially
soot into the atmosphere sufficient to prevent a high proportion of the sunlight from
reaching the ground which would, in turn, reduce the ambient temperatures to well
below the freezing point on a hemispheric (if not global) scale for a period of up to
several months (Crutzen & Birks, 1982). This possible weather anomaly soon became
known as the ‘nuclear winter’ (Sagan, 1983).

Subsequent support for the possibility of such a nuclear winter came from three more
or less independent computer simulations (Aleksandrov & Stenchikov, 1983; Covey et
al., 1984; Turco et al., 1983). These simulations were based on existing highly simplified
models of atmospheric circulation upon which were imposed the assumed (guessed)
emissions into the atmosphere from a number of possible sorts of major nuclear war.
A recent careful evaluation of these exercises—the only serious ones that have been
published to date—suggests that their predictions are within the realm of reason
(Carrier er al., 1985).

The derivative literature has not only recounted these intitial studies in one form or
another, but has also provided discussions of the human, ecological and policy implica-
tions of the possible nuclear winter. This literature has ranged from the straightforward
to the speculative and beyond, from the supportive to the critical, and from the respon-
sible to the fanciful. What follows in section III below is a non-selective compilation
of the world literature on the nuclear winter that has appeared to date in English. This
will permit the reader to sample the existing literature in this new and burgeoning area.
The author would appreciate being referred to, or receiving copies of, items that have
been overlooked. The list of references in section III, dealing specifically with the
nuclear winter, are preceded (in section II below) by a brief selection of background
references on the effects of nuclear war in general.

II. Selected background references on nuclear war

Bensen, D. W. & Sparrow, A. H. (eds), 1971, Survival of Food Crops and Livestock in the Event
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Chazov, Y. L., Ilyin, L. A. & Guskova, A. K., 1984, Nuclear War: the Medical and Biological
Consequences: Soviet Physicians’ Viewpoint (Moscow: Novosti Press Agency Publishing
House), 239 pp.

Committee for the Compilation of Materials on Damage Caused by the Atomic Bombs in
Hiroshima and Nagasaki, 1981, Hiroshima and Nagasaki: the Physical, Medical, and Social
Effects of the Atomic Bombings (New York: Basic Books), 706 pp.
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Glasstone, S. & Dolan, P. J., 1977, Effects of Nuclear Weapons, 3rd ed. (Washington: US
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Westing, A. H., 1982, ‘Environmental consequences of nuclear warfare’, Environmental
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Birks, J. W, & Crutzen, P. J., 1983, ‘Atmospheric effects of a nuclear war’, Chemistry in Britain,
London, 19:927-930.

Blokhin, N., 1984, ‘Consequences of nuclear war: “nuclear winter” will destroy plants, peoples
and animals’, New Perspectives, Helsinki, 14(3):4—6.

Buteux, P., 1984, ‘Nuclear winter: a skeptical view’, International Perspectives, Ottawa,
1984(Sep—Oct):27-29.

Carrier, G. F. et al., 1985, Effects on the Atmosphere of a Major Nuclear Exchange (Washington:
National Academy Press), 208 pp.
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Cf. New Scientist, London, 104(1434):5 (1984); Nature, London, 312:683 (1984); Science,
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S. The military use of outer space

BHUPENDRA JASANI; and G. E. PERRY, The Kettering Group, Kettering, UK

Superscript numbers refer to the list of notes and references at the end of the chapter.

1. Summary and conclusions

The outer space environment has been militarized for over two and a
half decades. Since 1958 a total of 2219 satellites with actual or poten-
tial military uses have been launched. This number constitutes at least
75 per cent of all satellites, including those for peaceful purposes,
launched during the ‘space age’. In 1984 alone, at least 105 satellites
that can perform military missions were launched by the United States,
the Soviet Union, the People’s Republic of China and European NATO
countries (see appendix B, tables 5B.1-5B.8).

With the increasing use of satellites to improve the fighting efficiency
of military forces on Earth, the two superpowers have naturally come
to regard satellites as important military targets. They have therefore
now developed, tested and even deployed some anti-satellite (ASAT)
weapons. Even more recently, ballistic missile defence (BMD)
systems—claimed to be defensive in nature, but in fact easily capable
of being used as ASAT weapons against an opponent’s satellites—have
been the focus of a heated public debate. These developments have
further complicated the already difficult task of negotiating arms
control measures to ban the use of ASAT weapons, since the defensive
systems for BMD cannot be distinguished from offensive ASAT
weapons until they are actually in use. Any weapon which could attack
a ballistic missile could also attack a satellite, and the development of
defensive weapons entails mastering the technology of offensive ASAT
weapons first.

Appendix 5A surveys the various types of weapon with potential
applications against satellites and missiles. There is not only an
ASAT-BMD overlap, but the technological base is also common to
many other applications. For example, high-energy lasers are being
used in inertial confinement experiments which by and large are
performed to study the mechanism of nuclear weapons; there are other
applications for communication with submarines and material process-
ing. High-velocity electromagnetic launchers, which may be used to
launch projectiles in space, are also a technology which may have
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applications in the study of the nature of nuclear explosions and inertial
confinement fusion. Thus there is considerable overlap between
different weapon systems, and their ultimate purpose cannot necess-
arily be established at the development stage.

The early ASAT missiles developed by the United States were crude
and indiscriminate in their destructive capabilities. Soviet ASAT
satellites were subsequently improved so that they could destroy an
intended target. The US ASAT missiles now being tested are not only
more efficient and accurate, but also carry non-nuclear warheads. And
with the development of high-energy lasers, the US and Soviet systems
could overcome two disadvantages: the long time it otherwise takes to
reach and destroy a satellite, and the short range over which the
weapons are effective. In March 1983 President Reagan announced the
US intention of rendering nuclear weapons obsolete by using space
weapons to create a shield against an opponent’s intercontinental
ballistic missiles (ICBMs), so that they could not reach their targets. He
reconfirmed this intention in his inaugural address on 22 January 1985.
US BMD weapons will be not only land-based but also space-based,
and the outer space arms control debate in 1984 concentrated on these
issues. The development and eventual deployment of ASAT or BMD
weapons jeopardize not only the negotiations but also a number of
arms control agreements now in force (see SIPRI Yearbook 1984,
chapter 10).

Negotiations

In August 1983 the Soviet Union submitted to the United Nations a
multilateral draft treaty on the prohibition of the use of force in outer
space and from space against the Earth. While the non-use of force has
already been enshrined in the UN Charter, there has still been an
enormous proliferation of both weapons and conflicts. Prohibiting
only the “use of force” does not necessarily prohibit the possession of
weapons. While the Soviet draft treaty does make further provisions—
for example, that the parties would undertake not to test or create new
weapon systems, to destroy existing ones and not to deploy any space-
based weapons—all the provisions are “in accordance with Article 1,
which refers to the ban on the use of force. Moreover, force is often
used and subsequently justified as a defensive action. It is therefore
doubtful whether such measures would prevent the use of defensive
weapons against missiles. The 1983 Soviet draft treaty was subse-
quently referred to the Conference on Disarmament (CD, then the
Committee on Disarmament) and remains on the CD agenda for
discussion in a working group.
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While arms control in outer space has been discussed in the CD,
which recognizes that this arms race is no longer of concern only to the
two principal space powers, by the beginning of 1985 they were still
unable to set up the working group to negotiate a treaty.

Several draft resolutions were presented to the United Nations during
1984. For example, on 26 November a number of countries presented
a draft resolution to the United Nations on “the prevention of arms
race in outer space”. It urged the USSR and the USA “to initiate im-
mediately and in a constructive spirit negotiations aimed at preventing
an arms race in outer space” and called upon “all states, in particular
those with major space capabilities, to contribute actively to the objec-
tive of the peaceful use of outer space and to take immediate measures
to prevent an arms race in outer space”. They also requested the CD
“to intensify its consideration of the question of the prevention of an
arms race in outer space in all its aspects”. The resolution was adopted
in the General Assembly by a vote of 150 in favour, with only one
country abstaining, the United States. The USA abstained particularly
on the article dealing with the CD perhaps indicating 1ts preference for
bilateral US—Soviet negotiations.

However, the role of the CD has been emphasized by a number of
nations. For example, France echoed the concern of other countries in
the CD.? Moreover, in August 1984 France reiterated to the CD four
points on which “a concerted international effort should be made”.? It
was proposed that there should be a “very strict limitation of anti-
satellite systems, including in particular the prohibition of all such
systems capable of hitting satellites in high orbit”. This formulation
assumes that only certain satellites are important while in fact most
military satellites are integral parts of existing nuclear weapons systems.

Moreover, while weapons capable of destroying satellites in high
orbits (“high orbits” are not defined) are specifically mentioned to be
banned, such a prohibition may not apply to weapons which could
attack satellites in low orbits. This proposal also focuses on the prohib-
ition of the deployment on the ground, in the atmosphere or in space
of beam weapon systems capable of destroying ballistic missiles or
satellites at great distances. Only beam weapons are specified, but as is
shown in appendix 5A, there are other types of weapon which could
destroy missiles and spacecraft. Furthermore, while the French pro-
posal is for a concerted effort by the international community, and
therefore presumably aimed at a multilateral agreement to prevent an
arms race extending into outer space, it seeks a pledge from the USA
and the USSR “to extend to the satellites of third countries provisions
concerning the immunity of certain space objects on which they have
reached bilateral agreement between themselves”.
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Two other issues stress the importance of multilateral negotiations.
For example, how would a ballistic missile defence system that substan-
tially reduces the number of Soviet nuclear missiles reaching the USA
in a potential attack affect the security of western Europe? It is argued
that if both the superpowers built an effective defensive system, they
would no longer live in fear of nuclear retaliation. They would be
tempted again to resolve their differences in a conventional or even a
nuclear war in Europe. Another concern is that the small French and
British nuclear forces would not be effective against a Soviet BMD
system.

The military uses of outer space were also a major concern of the
nations of the Western European Union (WEU), and France in par-
ticular. On 7 February 1984 President Mitterrand, speaking to the
Netherlands Parliament, said that if Europe launched “its own manned
space station, allowing it to observe, transmit and consequently avert
all possible threats, it would have ‘taken a big step towards its own
defence”. In this speech he also hinted at a possible European BMD
system. These concepts were later echoed by the WEU.’ The subject has
been assigned to a special working group of the Council of Europe.

The latter concern could also apply to China. Some of the European
arguments would also apply to Japan and many other non-nuclear
weapon states. Therefore, discussions on space weapons have to be
broadened to include China and some non-nuclear weapon states.
Moreover, space is common to all nations; many nations are beginning
to use it, and the effects of a nuclear war would be global. Thus it is
pertinent to include these nations in the negotiations.

On 7-8 January 1985 the two superpowers held preliminary discus-
sions and agreed to start negotiations on space weapons in parallel with
the bilateral nuclear weapon talks; it was subsequently decided that
they would begin negotiations in Geneva on 12 March 1985. What can
be expected from the talks? At most, the two powers may agree to halt
further development of their ASAT weapons. Even small measures
may help improve crisis stability, but they may not be useful unless
defensive space weapons are also controlled. Therefore, further
development of ASAT weapons should be prohibited, and a
moratorium on testing of both ASAT and BMD weapons should be
observed. A treaty should also include a declaration of no-first-use of
ASAT weapons, which could be an important confidence-building
measure.

A limited ASAT treaty might at this point in time present verification
problems since, for example, an F-15 deployed in an ASAT weapon
mode may be difficult to distinguish from that deployed for other pur-
poses. It may be possible to overcome such difficulties by including pro-
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visions such as those contained in the 1972 ABM Treaty in which ABM
systems which are allowed are confined to specific areas. Such a provi-
sion would be facilitated by -observations from space.

II. Satellite issues and developments in 1984

The Korean Airlines incident

On the night of 31 August/1 September 1983 a Korean Airlines Boeing
707 aircraft was shot down in Soviet airspace by the Soviet Union. Dur-
ing 1984 there was considerable discussion of a link between this
incident and the presence of a US electronic reconnaissance satellite in
orbit above the area where the aircraft was shot down. Electronic
reconnaissance satellites carry equipment designed to monitor and
detect radio signals generated by another country’s military activities.
An article in the Soviet daily Pravda first publicized the link between
these two events and published the ground tracks (the projected path
traced out by a satellite over the Earth’s surface).® Although the
satellite was not identified, it appears to be satellite 1982-41C. Figure
5.1 shows the ground tracks of this electronic reconnaissance satellite
at the time the Korean Airlines aircraft was over the Kamchatka
Peninsula and over Sakhalin island.

These ground tracks show that the times at which the satellite was
over the region of interest correspond to those mentioned in the Pravda
article. However, the locations of the tracks are somewhat different,
and the separations of the three tracks are narrower than those in figure
5.1. The Pravda article would indicate that the satellite was orbiting at
a greater speed. The characteristics of the tracks in figure 5.1 however,
are typical for such satellites.

It has been reported that during this time, the US space shuttle STS-8
was also in the region, acting possibly as a command post.” Ground
tracks of the STS-8 are also shown in figure 5.1. It can be seen that,
on 31 August 1983, STS-8 was south of the region during its 21st, 22nd
and 23rd orbits. The shuttle had already passed (21st orbit) south of
Japan about half an hour before the first pass of the electronic recon-
naissance satellite over the Bering Sea. STS-8 had again preceded the
two subsequent satellite passes and the Korean Airlines aircraft when
it overflew the Soviet territory on two occasions—over Kamchatka
Peninsula and Sakhalin. Figure 5.1 shows a better correlation between
the times when the aircraft entered the Soviet airspaces and the
approach of the satellite.

The United States stopped releasing the orbital parameters of certain
military satellites in June 1983, so the computation of the ground tracks
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is based on the last orbital elements which were published for this
satellite by NASA in June 1983. The Soviet Union has never published
any information on its own satellites or those of any other country.
Analysts must now rely solely on data gathered by amateurs.®

Soviet oceanographic satellites

A Soviet oceanographic satellite, Cosmos 1500, was announced at the
time of launch as performing oceanographic missions to investigate
sea, ice and wind conditions. Immediately after launch it was effective
in providing imagery which enabled the freeing of Soviet merchant
ships trapped in the ice by a sudden freeze in the Arctic Ocean. It has
subsequently been reported that the satellite was equipped with side-
looking radar. This is the first time a Soviet oceanographic satellite has
carried this type of radar.

As early as on 13 November 1983, amateurs reported receiving
imagery characteristic of Meteor-Priroda satellites, but with side-by-
side images, one of which was ‘cloud-free’. In August 1984 a series of
observations from Italy identified Cosmos 1500 as the source of these
transmissions. The image received at Ravenna on 10 August is
reproduced in figure 5.2.

Cosmos 1500 was south-bound over the Caribbean Sea at that time.
Inverting figure 5.2 allows the Yucatan Peninsula to be immediately
recognized, with the dark patch of Lake Izabal in Guatemala. The
Peninsula was in darkness at the time, as can be seen from the visible
swath with the clouds throwing long shadows due to low solar elevation
just after sunrise. The observation demonstrated a storage and play-
back capability.

The side-looking radar on board Cosmos 1500 operates at a
wavelength of 3.15 cm, providing 1.5-2 km resolution over a viewing
field of 460 km.® An improved low-resolution multispectral scanner
provides imagery in four bands. The viewing field from the height of
650 km is 1930 km, with 1.5 km ground resolution. The side-looking
radar and multispectral scanner can function simultaneously, having
the same line scanning at the Earth’s surface. The satellite information
system is capable of performing either direct transmission or
preliminary recording by the memory and subsequent reproduction
within radio-range of the receiving centres. The memory can store 6.5
minutes of data, providing image-strips 2 750 km in length at the swath-
widths quoted above. This permitted the production of maps of the
Arctic and Antarctic ice-caps.

Cosmos 1602 was also announced as an oceanographic satellite.
Similar imagery to that received from Cosmos 1500 has been recorded
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in New Zealand and in Europe. On § December 1984 both satellites
were being used to produce a map of the summer Antarctic ice-cap.
When the Soviet capability to fire submarine-launched ballistic missiles
(SLBMs) through the Arctic ice-cap was revealed in late 1984, this.
emphasized the importance to the Soviet Union of such detailed"
information about the ice-caps. This new capability enables Soviet
missile-firing submarines to escape detection by hiding under the north
polar ice, where the USA has little or no ability to detect and counter
them.!?

Soviet navigation satellites

Soviet navigation satellites experienced a number of difficulties during
1984. Two of the nine Cosmos navigation satellites which were
launched during the year were replacements for satellites in the civilian
Tsicada system (see table 5B.7). Cosmos 1574 carried COSPAS search
and rescue equipment.

Most problems occurred in the No. 3 position. For example, Cosmos
1333, which had taken identity No. 7 when replaced by Cosmos 1428
as No. 3 in 1983, continued to transmit the data in its memory on 6 July
1983.!! Moreover, its time transmissions are no longer synchronous
with Moscow Standard Time. It can only be concluded that the satellite
has failed and that it has proved impossible to switch off its transmitter.
Consequently, Cosmos 1333 is always included in the parameter blocks
of operational satellites.

Soviet photographic reconnaissance satellites

Significant trends, pointing to an upgrading of capability in the field of
photographic reconnaissance, became apparent during the year. More
reliance was placed on fourth- and later-generation satellites with
extended-duration missions. Continued failure to detect recovery
beacons at the end of these flights points to de-orbiting on command
and, by implication, digital image transmission of data and imagery,
possibly with geosynchronous satellite delay, during the missions.

Orbital periods of less than 90 minutes continued to be used by
satellites for which Earth resources missions were announced. Of the
nine launched (see table 5B.1), only two were not stated to be reporting
to the Priroda (Nature) Centre. Only four third-generation satellites
flew with similar periods with mission durations of 9, 12 and 14 days.
Three flew at an inclination of 73°, but one of the 14-day missions was
at the less usual 63°.

Ten satellites manoeuvred to a circular orbit close to 350 km at the
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end of their first day in orbit, where they remained until recovery on
the 13th, 14th or 15th day of the mission. Cosmos 1587 and Cosmos
1613 were peculiar in that they manoeuvred to the higher, circular orbit
on the 11th day of the mission and were monitored by the Kettering
Group after the change of orbit, but the only signals intercepted before
the changes were from Cosmos 1587 on the day it was launched.'? This,
together with the standard 14-day period in the higher orbit, prompts
speculation that the satellites were tested as on-orbit spares, after initial
checkout, until lighting conditions became suitable, rather than per-
forming a combined mission.

Cosmos 1511, a fourth-generation satellite, was already in orbit at
the start of the year and was de-orbited after 44 days. Fourth-
generation satellites provided almost continuous coverage throughout
the year, with only three gaps between consecutive missions, the largest
of which was two days between the de-orbiting of Cosmos 1532 and the
launch of Cosmos 1539. The trend to extended duration was apparent
within this sub-set of missions. The first four launches had mission
durations between 41 and 45 days, whereas the next three satellites had
mission durations of 56 or 59 days; and Cosmos 1611, still in orbit at
the end of the year, had exceeded 50-days’ duration at the time of
writing.

Three flights, from which no signals at all were intercepted by the
Kettering Group, at 63°, 65° and 70° inclinations, may belong to a
newer generation of reconnaissance satellite. Most interesting of all was
Cosmos 1552 which, after a lengthy period of intense manoeuvring
following its launch, was raised to a higher orbit after 119 days from
which it decayed naturally until it was de-orbited on the 173rd day of
its mission. The other two flights were terminated after 26 and 33 days.
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Appendix 5A. Space weapons

Superscript numbers refer to the list of notes and references at the end of the appendix.

Space weapons can be divided into two basic groups: kinetic-energy and directed-
energy weapons. Kinetic-energy weapons derive their destructive energy from the
momentum of a propelled object, that is, from its speed. Some of these weapons may
even carry chemical explosives. In directed-energy weapons, energy in the form of
beams propagated with the speed of light is itself used to destroy a target. These
weapons can in principle be Earth-based, space-based or, as in the case of an Earth-
based laser, can have mirrors in space to reflect the destructive energy to the target.

I. Kinetic-energy weapons

Kinetic-energy or impact weapons are propelled by either chemical rockets or electro-
magnetic forces. An example of the former is the US F-15 aircraft-launched ASAT
warhead propelled by a short-range attack missile (SRAM). The United States tested
the aircraft and missile part of the system on 21 January 1984 and conducted the first
flight of the warhead on 13 November 1984. While the warhead was not aimed at a
specific target, its infra-red guidance system was tested against a star. For ballistic
missile defence (BMD) a kinetic-energy warhead launched by a Minuteman I missile
was tested on 10 June 1984. Tests of solid-fuel rocket motors indicate that missiles
could achieve speeds in excess of 1.5 km/s.! Such missiles are about 10 cm in diameter
and weigh about 20 kg.

The Soviet ASAT system could be categorized as a rocket-propelled kinetic-energy
weapon. Some 20 tests have been conducted in which, instead of a rocket-propelled
warhead, satellites have been put into orbit which would then destroy the target by
either direct impact or by exploding nearby.

Two types of electromagnetic gun using electromagnetic forces are being
investigated—the so-called mass driver and the electromagnetic railgun. The concept
of the mass driver was proposed in 1966: a travelling magnetic wave is used to acceler-
ate a mass which has to be electrically conducting and preferably ferromagnetic or
superconducting.? The mass is accelerated through a series of coils, each of which could
be connected to its own capacitor. As the mass passes down the line, each charged
capacitor is switched into its coil causing a current to flow round the coil which in turn
creates a magnetic field at the centre of the coil causing the mass to move forward. The
projectile mass is in dynamic magnetic levitation. Problems are the modest acceleration
achieved at each step, necessitating many coils and therefore increasing the size of the
accelerator needed. For example, to accelerate a mass of 0.1 g to a velocity of 150 km/s
would require a 2 km long accelerator.? If the weight of the accelerated material were
increased to 100 g, a velocity of 450 m/s could be achieved if the accelerator length
were 100 m,? which is clearly too long for any space-based weapon.

A more promising device is called the railgun, in which an electric current is allowed
to flow down two parallel rails and a partially short-circuiting object called an armature
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is placed between and perpendicular to the rails. The projectile is located in front and
between the rails. The current thus flowing through the system creates a magnetic field
which interacts with the armature current to create an outward electromagnetic Lorentz
force on the armature directed along the direction of the rail axis.

While this technique has been under investigation since World War I, acceptable per-
formance was established only in 1978, when 12.7 mm plastic cubes were accelerated
to velocities of 6 km/s.* It is interesting to compare this with the conventional chemical
explosives with which maximum velocities achievable are in the range of 1-2 km/s.
The high current (a few hundred kiloamperes) needed was provided by a so-called
homopolar generator. A problem with such a device is that the mass of the accelerating
armature limits the speeds achieved. Reducing the mass does not help since below a
certain level the armature would melt when high currents flowed through it. The second
problem is that of maintaining good electrical contact between the armature and the
rails, especially at higher velocities. In fact, difficulties become apparent at velocities
as low as 1-3 km/s.*

These problems were overcome to some extent by using an electrical discharge arc
(i.e., a plasma) as the armature across the rails.® In this case a projectile is pushed ahead
of the plasma by the Lorentz force on the discharge current. While the contact
problems could be reduced by this method, serious problems caused by heating exist;
for example, the arc erodes the rails, particularly when the projectile and plasma are
moving slowly or are stationary and the resistive heating and other phenomena in the
plasma limit the acceleration. Extensive research is now under way to resolve these
problems. Examples include the use of erosion-resistant materials for rails or hybrid
solid/plasma armatures.’ In another type of railgun, a magnetic flux compression
generator is used so as to increase the thrust considerably.’

A high current is allowed to pass through two rails of a magnetic flux compressor
generator, creating an initial magnetic field. A detonator ignites an explosive along one
rail, pushing it against the other and driving the magnetic flux from the flux compressor
into the armature region behind the projectile. The increased current vaporizes the
armature, turning it into a plasma. The electric current in the plasma interacts with the
magnetic field, providing the thrust to the projectile (described above). Velocities of
about 10 km/s with 3 g polycarbonate projectiles have been achieved.” The accelerator
length was 1.8 m. A projectile weighing 2.5 g and travelling at a speed of 8.6 km/s has
been tested against missile components and found to have penetrated steel plates
6.5 mm thick.®

Further improvements have been proposed in which accelerating forces are applied
at different points along the path of the projectile in sequence as it travels. Such a
railgun is called a ‘distributed railgun’.® In this scheme, the projectile travelling through
the barrel of the railgun passes through a number of regions in which the accelerating
magnetic field is switched on when the projectile approaches and switched off when
the projectile leaves the region. The accelerating forces are synchronized so that the
velocity of the projectile is increased on each passage through the region. A theoretical
study indicates that a velocity of 50 km/s could be achieved for a 2.5 g projectile. In
this case the length of an accelerator would be about 11 m and it would use 34
accelerating stages. While in more conventional types of railgun the theoretical
efficiency (ratio of kinetic energy of a projectile to the input electrical energy) of 10-30
per cent was not realized, it has been suggested that this could be increased to about
80 per cent in a distributed.railgun.!®

By and large, the electrical-to-kinetic energy conversion efficiency has not exceeded
10 per cent. This means that if a 3 g projectile is accelerated to a velocity of 10 km/s,
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the energy of the projectile is about 150 kJ (kilojoules). This compares favourably with
the equivalent chemical energy stored in a 40 g explosive. The initial power source,
therefore, would have to provide at least 2 MJ (megajoules).

The velocity of 10 km/s is impressive, but if an ASAT railgun is based on Earth the
projectile has to travel through the atmosphere so that much higher velocities are
needed to overcome the atmospheric drag. If, however, such a weapon is based in space
and if the projectile is travelling against a satellite, its velocity need be much less than
10 km/s. Since satellites themselves have velocities in the region of 8 km/s, the relative
speed of the projectile would be great.

Thus it can be seen that while chemically propelled rockets could accelerate objects
such as an MHYV of 20 kg to velocities of about 1.5 km/s, with electromagnetic
launchers considerably larger velocities (about 10 km/s) would be attained but with
smaller projectiles (about 3 g). The energy of the former would be about 20 MJ while
for the latter it would be about 5 kJ. Against satellites the latter energy would be
sufficient for damage. However, for long-range interceptions, for example, satellites in
a geostationary orbit, higher velocity and therefore higher energy projectiles would be
needed. For this reason and for reaching a target at long ranges in the shortest time
possible, directed-energy weapons potentially offer the best solution. Therefore, in the
following section some laser concepts are briefly discussed.

II. Directed-energy weapons

The effectiveness of any weapon is usually measured in terms of the energy required
to destroy a target. When discussing directed-energy weapons, and particularly laser
weapons, it is important to realize that for a potentially hard target such as a missile
or a missile warhead, the destructive energy is the number of joules that must be
delivered to the target to cause melting or ablative shock fracture of the target surface.
For a soft target such as a satellite, a much smaller amount of energy is needed to cause
damage. For example, just enough energy to disrupt the heat balance could be adequate
for the destruction of a satellite. If we assume that at least 10 times the energy of the
natural background radiation is required, then just over 1 W/cm? might be sufficient
to make an unprotected satellite inoperative (the solar constant is taken to be
0.1368 W/cm?).!!

Amongst the directed-energy weapons, lasers with short wavelengths are preferred.
The types of such laser considered for ASAT as well as BMD applications are briefly
reviewed below.

Short-wavelength high-energy lasers

Chemical laser

While chemical lasers are relatively well developed and understood, the fuels used are
difficult to handle owing to their high toxicity and reactivity. An advantage of such
lasers is shorter wavelengths (about 2.7—4.0 yum, micrometres) and potential for high
energy (chemical reaction produces energy of about 225 kJ/kg fuel). The efficiency
obtained with, for example, a hydrogen—fluorine (HF) laser is about- 5 per cent so that
the laser output energy is about 10 kJ. An HF laser should emit light at wavelengths
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between 2.7 and 3.0 um but for a deuterium fluoride (DF) laser this range is between
3.6 and 4 um. At these wavelengths the atmosphere is highly transparent, clearly an
advantage.

The energy density from a DF laser with output optics of 3 m in diameter would be
about 0.5 J/cm?. To obtain the energy density of 1 W/cm?, the beam would have to
illuminate a satellite for 5 seconds, allowing for 50 per cent absorption in the
atmosphere.

Among the chemical lasers, the chemical oxygen iodine laser (COIL) seems suitable
as a weapon. The COIL transmits at shorter wavelengths (1.3 um). In such a laser,
energy is transferred from excited oxygen molecules produced by a chemical reaction.'?
An advantage of such a laser is the ease with which liquid fuel could be handled. Plans
to build a 50 kW COIL are under way."

Excimer laser

In this type of laser, a bound molecular state is produced from the combination of an
atom in its ground state and another atom of the same or similar kind (the excimer)
in an excited state. An excimer is a pair of atoms which are bound together to form
a molecule when the latter is at an excited energy level. Molecules containing a halogen
atom such as fluorine or chlorine and a rare gas such as krypton or xenon are the
favoured ones. This is because the rare gases convert relatively easily the energy from,
for example, a high-energy electron beam to a specific narrow band of excited
electronic state. This excess energy is then transferred to acceptors.

A krypton fluoride laser emits light at a wavelength of 0.25 um, one-tenth of the
value for wavelengths of HF or DF chemical lasers. In an excimer laser, the input
energy is converted into a laser beam with an efficiency of the order of 5-10 per cent.
Yet another type of laser which uses an electron beam as the initial source of energy
is the so-called free-electron laser,

Free-electron laser

While an excimer laser is related somewhat to chemical lasers (it depends on a reaction
between two atoms), a free-electron laser (FEL) depends entirely on the conversion of
the kinetic energy of a beam of electrons into laser radiation. In an FEL, a beam of
electrons is accelerated to high velocity in an accelerator and then passed through a
magnetic field which is so arranged that its polarity alternates along the path of the
electron beam. This changing magnetic field causes a change in the velocity of the
electrons causing emission of coherent laser radiation. The wavelength can, in theory,
be selected from a range between microwave and the ultraviolet. In principle such a
laser could generate peak power of a few MW /cm?. In practice, however, an FEL with
a wavelength of 3.4 um has produced an average power of 360 mW and a peak power
of 7kW. While possibility for high efficiency exists (around 20 per cent), so far an
efficiency of no more than 0.5 per cent has been achieved.'* The potential for further
development is considerable. However, the size, cost and complexity of its accelerator
make weapon applications difficult.
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X-ray laser

A considerable amount has been written on this subject, so only a few brief remarks
are made here.'® X-ray lasers are attractive because of their very short wavelengths, a
consequence of which is some 100—1 000 times more energy in each radiation quantum
(photon) than other types of laser discussed so far. Two factors complicate the applica-
tion of X-ray lasers. One is that X-ray transitions occur between one energy level of
electrons near the nucleus of an atom containing several protons and a second energy
level much farther away from the nucleus. This means that a considerable amount of
energy is initially needed to raise enough electrons to higher energy levels to produce
a population inversion. Second, the probability of stimulated emission decreases
sharply as the wavelength of radiation decreases. This is because the change of
stimulated release of energy is proportional to the cube of the wavelength. Thus the use
of a copious source of high energy radiation to generate X-rays is needed. For example,
the required pumping power for zinc has been calculated to be 5 x 10*° W/cm?.'¢

A further complication is that the lifetime of excited states is proportional to the
square of the wavelength. This means that atoms would remain in excited states for
only 1073 seconds. Thus the excited atoms would have to be stimulated into emission
before this time if spontaneous emission of energy is to be avoided. The necessary
laser pumping conditions can best be created by a powerful pulse of X-rays generated
from a nuclear explosion.

In a concept discussed in the scientific literature, a single or a few small rods of the
lasing material are placed axially surrounded by a cylindrical X-ray reflector to
concentrate X-rays produced from a nuclear explosive placed at one end of the
cylinder.-The efficiency of such a laser is questionable, suggesting the use of large-yield
nuclear-éxplosions.'® However, it has recently been argued that the efficiency might be
improved if sufficient care is taken in the design of the physical arrangement of the
nuclear explosive and the laser material in an X-ray laser.!” In the suggested concept,
the lasing rods are placed within a rod of nuclear explosive (such as plutonium-239) of
the same length. The 2**Pu rod is then imploded radially producing a nuclear explosion.
In this way the lasing rods are irradiated from all sides by a very intense flux of X-rays.
It has even been suggested that the fissile material may contain fusion materials to
increase the nuclear reaction rate during the main period in which the energy is released.
In this way a more clearly defined X-ray energy would be expected. An advantage of
this type of arrangement is that a strong bundle of parallel X-ray beams could be pro-
duced in the direction of the target. (A critical analysis of the use of X-ray lasers is
presented by Kosta Tsipis in chapter 3.)

Microwave beam weapons

Yet another type of directed-energy weapon, which has received relatively little
attention, is the high-power microwave beam. The microwave region lies between the
far infra-red and the conventional radio-frequency region of the electromagnetic
spectrum. The wavelengths of microwaves thus stretch between 1 mm and 30 cm. At
these wavelengths the atmosphere is mostly transparent so that a ground-based
microwave beam of suitable energy could be a potential ASAT weapon.

A microwave beam, like a high-energy laser beam, has a number of applications. In
the mid-1970s it was discovered that an intense beam of microwaves can raise plasma
temperatures sufficiently for fusion to take place. Microwaves are even more funda-
mental for radar, communications and for many types of electronic warfare. Thus such
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beams are being investigated for their application in fusion research as well as com-
munications and remote sensing. An important application in electronic warfare, for
example, is to jam the enemy’s radio transmissions. Microwave beams can be made
strong enough to be applicable as directed-energy weapons. For this purpose they may
be more useful against satellites than against missiles. As mentioned earlier, it does not
need a great amount of energy to damage soft targets such as satellites. In particular,
satellites do have antennas through which microwave radiation could reach sensitive
electronic circuitry within the satellites causing overloading or damage. Such a device
is often referred to as a non-nuclear electromagnetic pulse (EMP) weapon.

A number of devices exist, for example, the travelling-wave tube, magnetron and
klystron, which generate microwaves. Basically, in all of these, the interaction between
an energetic stream of electrons and the magnetic field through which they travel is used
to generate microwaves. An important recently developed type of microwave generator
is a gyrotron which efficiently produced high-power microwaves with shorter
wavelengths than conventional devices. In a gyrotron, a beam of electrons is injected
along a metal tube in which a strong magnetic field is maintained along its axis. In
addition to a magnetic field, the electron beam generator imparts to the electrons a
velocity perpendicular to the magnetic field. This results in electrons travelling through
the tube in a helical path.

The spiralling electrons around the magnetic field interact with it, radiating
electromagnetic energy at a frequency proportional to the magnetic field strength.
Depending on the field strength, frequencies over 100 GH (gigahertz) (corresponding
to a wavelength of 3 mm) have been obtained.'® Power of some 200 kW at 60 GH has
been generated in the USA, and in the Soviet Union over a megawatt at 100 GH has
been obtained.'® The efficiency of gyrotrons is high, about 20 per cent. A gyrotron
with 400 kW at 34 GH is under development for deep-space surveillance. With such
high power levels and low atmospheric absorption, even with relatively wide beam
divergence, microwaves could become effective against spacecraft. For example, a
pulse of electromagnetic energy can damage micro-electronics in several ways but
primarily by inducing damaging overvoltage. Such an effect is known as the electro-
magnetic pulse. The strength of an EMP generated by a beam of microwave pulses
will depend on the energy of the beam and its interaction with the atmosphere
through which it travels. In passing through the atmosphere, the microwave beam will
accelerate naturally occurring free electrons. If the beam is intense enough and
energetic enough, the electrons may gain sufficient energy to ionize the air molecules,
producing more electrons. This process results in a cascading avalanche which can
absorb a significant amount of the microwave beam energy. However, if the beam is
pulsed, since it takes time to get the avalanche started, most of the peak power is
transmitted through the atmosphere.’®

A second generation of the long-wavelength FEL is now emerging in which peak
power output of several tens of megawatts has been observed. Moreover, high conver-
sion efficiencies of electron-beam energy to microwaves have been achieved.?’ Much of
the impetus is being derived from improving accelerators which generate electrons with
high energies and high currents (i.e., high intensity beam). An example of such a device
is the US 50 MeV, 10 kA Advanced Test Accelerator (ATA) and the 5 MeV, 10 kA
Experimental Test Accelerator (predecessor to the ATA).2! The ATA is 85 m long.
While this programme began as a part of the feasibility study for the use of intense
charged-particle beams, as endoatmospheric weapons to defend missile silos, recently
the application of the ATA to generate free-electron lasers particularly in the millimetre
wavelength region has emerged. In such devices, the electron beam energy is efficiently
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converted into pulses of millimetre-wave radiation in the so-called wiggler. The latter

is

an array of magnets which generate periodic magnetic fields. In a number of ex-

periments, microwave beams have been produced with peak power and wavelengths
ranging from 0.5 MW to 75 MW and 0.4 mm to about 4 cm respectively.??> An efficien-
cy of up to 12 per cent for such devices have been achieved.
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Appendix 5B. Tables of satellites launched in 1984

Table 5B.1. Photographic reconnaissance satellites launched during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USA

USAF 17 Apr 96 127 High resolution; manoeuvrable; film

(1984-39A) 1912 89 311 recovery type; in orbit at the end
of December 1984

USAF 25 Jun 96 170 Lifetime 115 days; Big Bird Satellite;

(1984-65A) 1843 89 263 manoeuvrable

USAF 3 Dec 97 300 In orbit at the end of December 1984

(1984-122A) 1800 94 650

USSR

Cosmos 1530 11 Jan 73 357 Lifetime 14 days; medium resolution

(1984-02A) 1229 92 416

Cosmos 1532 13 Jan 67 166 Lifetime 44 days; high resolution;

(1984-04A) 1438 90 351 fourth generation

Cosmos 1533 26 Jan 70 349 Lifetime 14 days; medium resolution

(1984-06A) 0853 92 416

Cosmos 1537 16 Feb 82 261 Lifetime 14 days; Earth resources;

(1984-17A) 0824 90 274 high resolution; data received by
Priroda (Nature) Station

Cosmos 1539 28 Feb 67 168 Lifetime 41 days; high resolution;

(1984-20a) 1355 90 340 fourth generation

Cosmos 1542 7 Mar 70 350 Lifetime 14 days; TF; medium

(1984-25A) 0810 92 416 resolution

Cosmos 1543 10 Mar 63 217 Lifetime 26 days; high resolution;

(1984-25A) 1702 91 394 manoeuvred; no signals received by
the Kettering Group; probably
similar to Cosmos 1426 and 1516

Cosmos 1545 21 Mar 73 236 Lifetime 15 days; medium resolution

(1984-30A) 1102 91 398

Cosmos 1548 10 Apr 67 165 Lifetime 45 days; high resolution;

(1984-36A) 1410 90 331 fourth generation

Cosmos 1549 19 Apr 73 359 Lifetime 14 days; TF; medium

(1984-40A) 1146 92 415 resolution

Cosmos 1551 11 May 73 212 Lifetime 12 days; high resolution

(1984-44A) 1258 89 259

Cosmos 1552 14 May 65 181 Lifetime 173 days; first long-lived high

(1984-45A) 1355 89 310 resolution; similar to Cosmos 1543

Cosmos 1557 22 May 82 213 Lifetime 13 days; Earth resources;

(1984-48A) 0838 89 249 data received by Priroda (Nature)
Station

Cosmos 1558 25 May 67 169 Lifetime 44 days; high resolution;

(1984-50A) 1131 90 326 fourth generation

Cosmos 1568 1 Jun 73 357 Lifetime 13 days; medium resolution

(1984-54A) 1355 92 416

Cosmos 1571 11 Jun 70 348 Lifetime 15 days; medium resolution

(1984-58A) 0838 92 416

Cosmos 1572 15 Jun 82 261 Lifetime 14 days; Earth resources;

(1984-60A) 0824 90 275 data received by Priroda (Nature)

Station
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Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

Cosmos 1573 19 Jun 73 232 Lifetime 9 days; high resolution

(1984-61A) 1102 90 310

Cosmos 1575 22 Jun 82 259 Lifetime 15 days; Earth resources;

(1984-64A) 0735 90 277 data received by Priroda (Nature)
Station

Cosmos 1576 26 Jun 67 169 Lifetime 59 days; high resolution;

(1984-66A) 1536 90 349 fourth generation

Cosmos 1580 29 Jun 63 229 Lifetime 14 days; high resolution

(1984-70A) 1507 90 271

Cosmos 1582 19 Jul 83 255 Lifetime 14 days; Earth resources;

(1984-74A) 0838 90 281 data received by Priroda (Nature)
Station

Cosmos 1583 24 Jul 73 357 Lifetime 15 days; medium resolution

(1984-75A) 1243 92 416

Cosmos 1584 27 Jul 82 182 Lifetime 14 days; Earth resources

(1984-76A) 0907 90 366

Cosmos 1585 31 Jul 65 174 Lifetime 59 days; high resolution;

(1984-77A) 1229 89 300 fourth generation

Cosmos 1587 6 Aug 73 197 Lifetime 25 days; medium resolution;

(1984-82A) 1355 90 367 moved to higher orbit after 11 days

Cosmos 1590 16 Aug 82 263 Lifetime 14 days; TF, Earth

(1984-87A) 0950 90 273 resources; data received by Priroda
(Nature) Station

Cosmos 1591 30 Aug 82 262 Lifetime 14 days; TF, Earth resources;

(1984-92A) 1019 90 274 data received by Priroda (Nature)
Station

Cosmos 1592 4 Sep 73 226 Lifetime 14 days; high resolution

(1984-94A) 1019 90 290

Cosmos 1597 13 Sep 82 213 Lifetime 13 days; Earth resources

(1984-99A) 1033 89 246

Cosmos 1599 25 Sep 67 180 Lifetime 56 days; high resolution;

(1984-102A) 1438 90 327 fourth generation

Cosmos 1600 27 Sep 70 349 Lifetime 14 days; medium resolution

(1984-103A) 0810 92 417

Cosmos 1608 14 Nov 70 198 Lifetime 33 days; similar to Cosmos

(1984-116A) 0735 89 251 1543

Cosmos 1609 14 Nov 73 358 Lifetime 14 days; medium resolution

(1984-117A) 1229 92 415

Cosmos 1611 21 Nov 65 173 Lifetime 52 days; high resolution;

(1984-119A) 1033 90 349 fourth generation

Cosmos 1613 29 Nov 73 198 Lifetime 25 days; similar to Cosmos

(1984-121A) 1410 90 356 1587

People’s Republic of China

China 16 12 Sep 68 175 Lifetime 17 days; a capsule was

(1984-98A) 0546 90 399 returned to Earth on 7 September

1984
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Table 5B.2. Possible electronic reconnaissance satellites launched during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USA

USAF 25 Jun 96 690 Satellite was ejected from the Big Bird

(1984-65C) 1843 99 710 spacecraft (1984-65A)

USSR

Cosmos 1536 8 Feb 83 636 Lifetime 60 years

(1984-13A) 0922 98 667

Cosmos 1544 15 Mar 83 635 Lifetime 60 years

(1984-27A) 1702 98 666

Cosmos 1603 28 Sep 71 851 Satellite manoeuvred extensively;

(1984-106A) 1410 102 857 orbital plane changed from initial
52° to 67° and finally 71°; largest
spacecraft launched; new satellite
orbited using an SL-12 Proton
booster—the largest Soviet booster;
the orbit is such that the ground
tracks over the USA are repeated
every 24 hours; each orbital change
meant satellite went out of sight for
about an hour”

Cosmos 1606 18 Oct 83 633 Lifetime 60 years

(1984-111A) 1746 98 666

Cosmos 1612 27 Nov 83 141 Failed due to incomplete burn, at

(1984-120A) 1424 98 1217 perigee, producing high elliptical

orbit; short-lived

9 Source: ‘Soviets orbit large new military electronic satellite’, Aviation Week & Space Technology,
Vol. 122, No. 2, 14 January 1985, pp, 19-20.
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Table 5B.3. Ocean-surveillance and oceanographic satellites launched during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USA

NOSS-6 5 Feb 63 1052

(1984-12A) — 108 1172

JD-1 5 Feb — —

(1984-12C) — Navy ocean-surveillance satellites;

JD-2 S Feb — — orbits of the three sub-satellites not

(1984-12D) — disclosed

JD-3 5 Feb — —

(1984-12F) —

USSR

Cosmos 1567 30 May 65 432 Passive satellite with ion thruster

(1984-53A) 1843 93 442

Cosmos 1579 29 Jun 65 251 Nuclear-powered radar; moved into

(1984-69A) 0029 90 265 higher orbit on about 27 September
1984

Cosmos 1588 7 Aug 65 429 Passive satellite with ion thruster

(1984-83A) 2248 93 446

Cosmos 1607 31 Oct 65 251 Nuclear-powered radar; still

(1984-112A) 1229 90 265 operational at the end of 1984

Table 5B.4. Possible early-warning satellites launched during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USSR

Cosmos 1541 6 Mar 63 600 Replaced Cosmos 1278
(1984-24A) 1717 718 39750

Cosmos 1547 4 Apr 63 597 Replaced Cosmos 1382
(1984-33A) 0141 718 39749

Cosmos 1569 6 Jun 63 589 Replaced Cosmos 1518
(1984-55A) 1536 718 39762

Cosmos 1581 3 Jul 63 626 Replaced Cosmos 1317
(1984-71A) 2136 718 39720

Cosmos 1586 2 Aug 63 609 Replaced Cosmos 1456
(1984-79A) 0838 718 39739

Cosmos 1596 7 Sep 93 615 Replaced Cosmos 1348
(1983-96A) 1912 718 39725

Cosmos 1604 4 Oct 93 604 Replaced Cosmos 1367
(1984-107A) 1955 717 39720
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Table 5B.5. Meteorological satellites launched during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USA

NASA/NOAA-9 12 Dec 99 846 Replaced NOAA-7; carries search and
(1984-123A) 1042 102 867 rescue equipment”’

USSR

Meteor 2-11 § Jul 83 945 In higher orbit like Meteor 2-8; only
(1984-72A) 0336 104 962 ones in operation are Meteors 2-8,

2-10 and 2-11

“NOAA-6 reactivated following failure of NOAA-8.
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Table 5B.6. Communications satellites launched during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USA

DSCS 3-02 31 Jan — — DSCS trans-stage failure?

(1984-09A) 0014

DSCS ? 14 Apr 1 35530 Possibly a DSCS launched by Titan

(1984-37A) 1648 1423 35530 34D launcher; probably a back-up
for 1984-09A

USAF SDS-9 28 Aug 63 380 Satellite Data System; orbital

(1984-91A) — 704 39315 parameters approximate

USN Leasat 2 30 Aug 3.5 35691 Launched from STS-41D on 31 August

(1984-93C) 1243 1434 35783 at 1312 hr; US Navy lease
transponders on this communica-
tions satellite

USN Leasat 1 8 Nov 3.3 33469 Launched from STS-51A

(1984-113C) 1229 1381 35924

USA ) 22 Dec 34 36190 Launched by Titan 34D

(1984-129A) 0002 1446 35915

USSR

Cosmos 1522- 5 Jan 74 1442 Octuple launch

Cosmos 1529 2010 115 1475

(1984-01A—H)

Cosmos 1538 21 Feb 74 779 Possibly store-dump communications

(1984-19A) 1536 101 811 satellite; replaced Cosmos 1420

Molniya 1-60 16 Mar 63 623 Replaced Molniya 1-51

(1984-29A) 2331 735 40574

Cosmos 1546 29 Mar 1 36071 No mission announced; presumably

(1984-31A) 0600 1452 36110 military

Cosmos 1559— 28 May 74 1442 Octuple launch

Cosmos 1566 2150 115 1485

(1984-52A—H)

Cosmos 1570 8 Jun 74 791 Possible store-dump communications

(1984-56A) 1131 101 810 satellite; replaced Cosmos 1452

Molniya 1-61 10 Aug 63 424 Replaced Molniya 1-53

(1984-85A) 0000 735 40797

Molniya 1-62 24 Aug 63 455 Replaced Molniya 1-54

(1984-89A) 0824 718 39900

Molniya 1-63 14 Dec 63 452 Replaced Molniya 1-55

(1984-124A) 2038 737 40848

NATO

NATO 3D 14 Nov 6 35253

(1984-115A) 0029 1428 36 005
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Table 5B.7. Navigation satellites launched during 1984°

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT) period (min) (km) Comments

USA

USAF/Navstar 9 13 Jun 63 20318 Ninth in a network of 18 satellites
(1984-59A) 1146 730 20620

USAF/Navstar 10 8 Sep 63 20271 Tenth in a network of 18 satellites
(1984-97A) 2150 731 20713

Nova-3 12 Oct 90 1159 Second in the Nova series
(1984-110A) 0141 109 1209

USSR

Cosmos 1531 11 Jan 83 985 Replaced Cosmos 1386; No. 2
(1984-03A) 1800 105 1013

Cosmos 1535 2 Feb 83 958 Replaced Cosmos 1428; No. 3
(1984-10A) 1731 105 1019

Cosmos 1550 11 May 83 978 Replaced Cosmos 1535; never
(1984-43A) 0614 105 1014 transmitted

Cosmos 1553 17 May 83 965 Replaced Cosmos 1383; No. 1
(1984-46A) 1438 105 1010

Cosmos 1577 27 Jun 83 960 Replaced Cosmos 1464; No. §
(1984-67A) 0448 105 1013

Cosmos 1610 15 Nov 83 970 Replaced Cosmos 1531; No. 2
(1984-118A) 0643 105 1015

Cosmos 1598 13 Sep 83 972 Replaced Cosmos 1535 and 1550;
(1984-100A) 1550 105 1018 No. 3

Cosmos 1605 11 Oct 83 953 Replaced Cosmos 1459; No. 4
(1984-109A) 1438 105 1021

“In 1984 two more sets of triple GLONASS satellites, Cosmos 1554—1556 and Cosmos
1593—1595, were launched. The last set was placed in the same plane as the first two sets, which
is 120° out of phase with the plane containing the third and fourth sets. These, and Cosmos 1574,
which also carried COSPAS search and rescue instrumentation, are from the civil navigation
system and are omitted from this table.
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Table 5B.8. Reusable space launcher flights during 1984

Country, Launch  Orbital Perigee

satellite date and inclination and apogee

name and time (deg) and heights

designation (GMT)  period (min) (km) Comments

USA

STS-41B 3 Feb 29 275 Lifetime 7.87 days; first landing at

(1984-11A) 1258 90 293 Kennedy Space Center; carried West
German SPAS-2 but not launched;
among payloads launched were
Westar 6 and Palapa 4 satellites;
STS-10 was cancelled

STS-41C 6 Apr 29 494 Lifetime 6.99 days; launched Long

(1984-34A) 1355 94 495 Duration Exposure Facility
(LDEF-1); repaired Solar Maximum
Mission (SMM, 1980-14A) and
re-orbited; STS-12 cancelled

STS-41D 30 Aug 29 295 Lifetime 6.04 days; launched Leasat 2

(1984-93A) 1243 90 312 and Telstar 3C communications
satellites

STS-41G 5 Oct 57 345 Lifetime 8.23 days; launched ERBS

(1984-108A) 1102 92 359 (Earth Radiation Budget Satellite);
also carried SIR-B (Shuttle Imaging
Radar) and OSTA-3 (Office of Space
and Terrestrial Applications)

STS-51A 8 Nov 29 304 Lifetime 7.98 days; Palapa 4 and

(1984-113A) 1229 91 312 Westar 6 were recovered on 12 and
14 November respectively and
returned to Earth; launched Telesat
8 and Leasat 1

USSR

Cosmos 1614 19 Dec 51 173 Test of a subscale winged space craft;

(1984-126A) 0405 88 223 recovered from the Black Sea after

one orbit
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6. Chemical and biological warfare: developments
in 1984

J. P. PERRY ROBINSON, Science Policy Research Unit, University of Sussex,
Brighton, UK

Square-bracketed numbers, thus [1], refer to the bibliography at the end of the chapter.

1. Introduction

This chapter records developments in the field of chemical and
biological warfare (CBW) during 1984, supplementing similar reviews
published in the past three SIPRI Yearbooks [239, 240, 241]. The
information cut-off date is 31 December 1984. The perspective is
again that of a Western observer, and the focus continues to be on
developments affecting the prospects for world-wide CBW disarma-
ment.,

Governments are negotiating to this end within the Conference
on Disarmament (CD) in Geneva. Since the conclusion of the 1972
Biological and Toxin Weapons Convention, the Geneva body has
been working for a complementary chemical weapons convention that
would provide for comprehensive chemical-warfare (CW) disarma-
ment.

Public attention to this effort and to wider issues of CBW armament
seemed, from the sheer volume of publications on the subject, to reach
an unprecedented level during 1984. Besides extensive mass-media
coverage, several new books and monographs appeared that were in-
tended for a wide readership [e.g., 218, 223, 225, 234, 253, 261]. There
was continuing growth in specialist literature dealing with defences
against CBW attack [e.g., 25, 34, 35, 37, 140, 200, 204, 205, 210, 224,
245, 249, 332], this reflecting the increasing investment now being
made by more and more governments in the anti-CBW protection of
their armed forces and, but to a much lesser extent save in countries
such as Sweden and Switzerland, in the protection of their civilian
populations. The adequacy of such national measures of CBW
preparedness began to emerge in some countries as an issue for public
debate [e.g., 203, 401].

Events during 1984 likely to influence the outcome of the Geneva
negotiations may be grouped into three main categories: (a)
developments in the negotiations themselves; (b) national CW arma-
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ment activities; and (c¢) reported infractions of the international anti-
CBW regime which the negotiations are seeking to extend. Each
category is reviewed in turn in the pages which follow. The penultimate
section of the review briefly describes other developments during the
year which may affect attitudes influencing national policy making on
CBW. The review closes with a bibliography which both identifies the
documentation cited in the review and records other notable publica-
tions, including ones received too late for mention in SIPRI Yearbook
1984.

II. Strengthening the international anti-CBW regime

Current international law places tight constraints on the policies for
CBW weapons which governments may choose to implement. These
constraints are embodied primarily in the 1925 Geneva Protocol, which
requires that CBW employment policies exclude at least the initiatory
use of CBW weapons, and the 1972 Biological Weapons Convention,
which requires that CBW preparedness policies exclude development,
production and stockpiling of germ and ‘toxin’ weapons. Under Article
IX of the Convention, states parties have undertaken to negotiate in
good faith for complementary measures of CW disarmament. Efforts
to strengthen and extend this regime during 1984 were stimulated in no
small measure by reports alleging, as in earlier years, serious infractions
of the regime.

First and foremost among these efforts was the negotiation for a
global chemical weapons convention, proceeding within the CD in
Geneva. The progress made during the year is recorded in the Com-
mittee’s report to the CD [1, 2]. This is reviewed in chapter 13, as are
the efforts that continued within the UN for developing procedures for
investigating CBW-use complaints.

Bilateralism and regionalism

A welcome development during 1984 was the resumption of bilateral
talks between the USA and the USSR on the margin of the CD [84,
138]. While the CD has in the past been suspicious of such private
superpower contacts, instances are bound to arise where progress on
the multilateral front excites security concerns peculiar to particular
CD members and which may therefore best be allayed bilaterally or
regionally.

Nor are such concerns likely to be confined to the superpowers. The
predicament of the two German states is an obvious case in point. The
civilian population of both stand to suffer enormously were CW ever
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to occur in Europe; and while both have espoused policies of non-
possession of CW weapons, they are apparently both also repositories
of CW weapon stocks controlled by their major alliance partners. A
special significance therefore attaches to the bilateral German talks
which got under way at the party political level during 1984: between
the Socialist Unity Part (SED) on the eastern side and the Social
Democratic Party (SPD) on the western, to discuss, inter alia, chemical
weapon-free zone concepts for central Europe. There were three rounds
of talks during the year [36, 307, 308, 309, 318].

The institutional reforms adopted in principle by the Council of the
Western European Union (WEU) in October extended to the WEU
Armaments Control Agency[16], but did not directly affect the
controls on West German CBW armament that have been in place since
1956 [238].

Attention to the possibilities and drawbacks inherent in regional,
rather than global, approaches to CW disarmament had been
stimulated early in the year by a proposal from Moscow that NATO
and the WTO should confer together on possibilities for “ridding
Europe of chemical weapons” [14]. This proposal coincided with the
reconvening in Stockholm of the Conference on Confidence- and
Security-building Measures and Disarmament in Europe, where the US
Secretary of State shortly afterwards announced that the USA would
soon be putting forward a draft global CW disarmament treaty [361],
an announcement reported to have caused surprise in Washington
[415]. NATO governments have been dismissive of the Soviet regional
proposal, portraying it as a diversion from the Geneva endeavour; but
it has nonetheless been reiterated in communiqués from WTO meetings
[15] and, in one form or another, is likely to figure on the working
agenda of the Stockholm Conference during 1985. Perhaps the manner
in which regional approaches may complement the global one—with
respect to confidence-building, for example, or to the precise modalities
of mutual withdrawal of forward-deployed CW forces—will then
receive more positive consideration. And such approaches may, as a
Canadian commentator has observed [262], have value in regions
other than Europe.

Review of the 1972 Biological Weapons Convention

There were developments during the year with regard to the 1972
Biological Weapons Convention. In March and September the govern-
ments of France and China, respectively, acted to initiate the
procedures for French and Chinese accessions to the treaty [17, 24,
319, 345]: France acceded on 27 September; China on 15 November.
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During the summer the acrimonious controversy surrounding the pro-
posal for a special conference of states parties to establish compliance-
verification procedures—a proposal that had been endorsed by the 37th
General Assembly voting 124—15—1 in the wake of the Yellow Rain
accusations—was resolved by the reaching of agreement among the
states parties on the convening of a second ordinary review conference,
and the establishment of a preparatory committee for it. In December
the General Assembly endorsed this agreement and authorized the
Secretary-General to assist. The review conference is to be held in 1986,
probably in September [4, 272]. How exactly the conference treats the
compliance-verification issue will be a matter of considerable sen-
sitivity, not only in view of past allegations of non-compliance, but
also as regards the CW negotiations. The present signs are that the US
Administration, spurred by the Congress, will be pushing heavily
[88, 152a].

IIl. CW armament

Developments in national CW armament during 1984 are reviewed here
under four headings: the USA and NATO; the USSR and the WTO;
proliferation; and new technology. As usual most of the information
available for review is from or about the United States. This circum-
stance, created by the restrictive information practices of other states,
must be born in mind as a caveat against whatever overall impression
may thereby be conveyed.

The United States and other NATO countries

In the United States, the Reagan Administration had gone to
remarkable lengths during 1983 in its resumed attempts to persuade the
Congress to support its CW rearmament programme [219]. But not-
withstanding the extensive testimony on the US CW posture taken from
Administration witnesses [especially 143, 146, 149, 150], the Congress
had ultimately declined to fund the transition from R&D into full-
scale production of the new binary nerve-gas munitions requested in the
fiscal year (FY) 1984 budget; it had, however, authorized the FY 1984
programme subject to certain provisos and, back in 1981, had voted
funds enabling the US Army to start building a factory for mass-
producing one of the new weapons [241b].

The struggle was resumed early in 1984 with the submission of the
President’s budget for FY 1985. In contrast to the previous year’s
rejected request of (initially) some $158 million for procurement of an
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initial supply of binary munitions and additional production capacity,
the FY 1985 budget provided only $105 million for these projects
[165]. This, the Administration explained, would not suffice for the
production of actual binary munitions but only of ‘long lead time’
items for them, so it would allow the Congress further opportunity for
pre-production scrutiny of the overall programme when the request for
the additional $100 million required later came to be submitted [103].
On the schedule current at the beginning of 1984 the first 155-mm GB2
artillery projectiles were due off the production line in autumn 1986,
and the first Bigeye VX-2 spraybombs in mid-1987 [91]; the programme
would be delayed by a further year if the Congress once again rejected
the request [109]. The justificatory statements provided to the Con-
gress alongside the budget by the Joint Chiefs of Staff [113] and the
Defense Secretary [90] dwelt, as in previous years, on the importance
of deterring the threat posed, above all, by Soviet CW capabilities.
They maintained, also, that the programme would, through ‘leverage’,
increase the chance of a new CW arms control agreement being reached
with the USSR. A fuller rendering of this ‘bargaining chip’ conten-
tion—which, later in the year, was to find its most subtle expression yet
in a paper by a British academic [252] —was contained in the Presi-
dent’s arms control impact statement also accompanying the budget
[82]. The Secretary of the Army told the Congress that ‘binary modern-
ization’ was needed in order to establish compatibility between the US
CW retaliatory capability and his department’s new AirLand Battle
doctrine [118].

It was from these positions that the Administration argued its case
before the Congress over the next three months. The service chiefs,
their chairman and the commanders of at least three of the specified
and unified commands, including that of the Rapid Deployment Force,
individually made personal representations to Congressional leaders
[158]. So did the Defense Secretary and the President himself, the
latter describing the binary programme as “absolutely essential” [78],
the former saying that there was “no more serious deficiency in our
defense posture today” [92]. Presidential advocacy of the programme
was also displayed during the great advance publicity given to the Vice-
President’s tabling in Geneva of the US draft Chemical Weapons Con-
vention in April [77], this display also serving, so it now seems, to
quench an internal Administration dispute over the content, even the
submission, of the draft treaty which hardliners in the Defense Depart-
ment were reported to have been fuelling [417, 425, cp. 415]. The
views of the Army Chemical Corps, which had tri-service responsi-
bilities for the programme, were readily to hand, dogmatically
supportive of the programme [120].
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Congressional action on the budget request was influenced, however,
by the imminence of the 1984 Presidental and Congressional elections.
The House of Representatives rejected the recommendation of its
Armed Services Committee [162a] and voted in favour of an amend-
ment deleting the binary production programme from the defence
authorization bill [158], this for the third year in succession. But then,
in a striking volte-face, the Senate Armed Services Cominittee voted to
delete the programme from the Senate bill too; it reported that it had
done so “very reluctantly” but “in recognition that it is unlikely that
the Congress will take a more favorable position on this program in an
election year” [156]. Thus it was that by late May commencement of
US CW rearmament had been held off for a further year. No attempt
was made to restore the authorization from the floor of the Senate; nor,
it followed, was any funding provided for the programme at the appro-
priations stage of the year’s defence legislation, save for the R&D
component of the programme. Even that came under threat when, as
had happened before, the House Appropriations Committee came out
[160] against the Army’s projected advanced development of binary-
warhead concepts for the Multiple Launch Rocket System, a weapon
that is now being acquired by five NATO countries. Half of that
appropriation was, however, restored in the subsequent House—Senate
conference [153].

As the year went on, the issue of NATO-wide CW rearmament
became more exposed. Long an important factor in Congressional
opposition to the programme, the US Administration was still unable
to tell the Congress that any European government had agreed to
accept storage of additional US CW weapons (notwithstanding Soviet
reports of both Britain and Italy having consented [173]), though it did
say that such commitments had been gained from certain unspecified
governments outside Europe [104]. In June the US Defense Secretary
sent to Congress his report on the improvements needed in NATO’s
conventional capabilities [93], a report which included strong
language on deficiencies in CW retaliatory capabilities [94].
Thereafter, what appears to have been a concerted attempt at modify-
ing European opinion ensued.

Early in July the latest of what was by then a long succession of
public statements by the NATO Supreme Commander in Europe
(SACEUR) on the importance of NATO CW retaliatory capability
[338] received unusually wide press coverage and editorial comment.
In August it was reported that senior US and British officers serving in
FR Germany had “launched a campaign” for supplies of CW weapons
[399]. The following month, in a conspicuous departure from normal
reticence in public on such matters, the general officer commanding 1
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(British) Corps, then on manoeuvres in northern FR Germany [300],
said at a press conference: “If you ask me, as a soldier, if we should
have a retaliatory capability, I would say yes” [75]. Although the
general went on to express support for the Geneva CW negotiations, his
remark stood in some contrast to the firm statements of commitment
to the negotiations which the British Foreign Secretary had made the
day before [71]. This was, however, overshadowed almost immedi-
ately by SACEUR directing the attention of the press to a related but
much more fundamental matter: he contrasted the existence of formal
procedures for political consultations within NATO prior to release of
nuclear weapons with the absence of any such procedures, save within
the US command structure alone, in the case of CW weapons;
SACEUR accordingly called upon NATO political leaders to confront
and resolve the issue [12].

Later that same day, the defence ministers of Britain and FR Ger-
many, accompanying one another on a tour of the manoeuvres, both
spoke against any need for immediate NATO CW armament. The
British minister said that, while he was aware of the “military pre-
occupation”, his government did not take only the military judgement
into account [74]. There had been reports in the press that CW weapon
policy had been the subject of top-level governmental review in Britain
since the spring [343]. The West German minister said he thought that
his government’s position was the same as the British [32]. His
ministry had indeed, in response to SACEUR’s public remarks in July,
also differentiated between the military and political considerations
involved [33], just as the government of the Netherlands had done in
a detailed statement on CW policy to its Parliament in 1983 [66]. The
Federal Defence Ministry spokesman had in July gone on to say that
NATO?’s attitude towards additional CW armament was a political
question which had not yet arisen [33]. At least as regards public
debate, SACEUR had now raised it.

It remains to be seen whether, within the formal councils of NATO,
the issue will ascend from the purely military level, where it has long
been, to the political one. There had been reports during 1983 that the
civilian leadership within the US Defense Department had been block-
ing service moves to this end. If so, that was no doubt because it
perceived that a Euro