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SUMMARY

This volume consists of a series of appendices containing
background studies of various aspaects of the U.S.-Soviaet long-term
military competition. These papers supplement the research and
conclusions contained in volumes I and II.

The following is a summary of each of the appendices.

Appendix A, "A Guide for Competition Planning," by Dr.
J« Jo. Martin,

This appendix outlines a set of questions as a heuristic
guide to military competition planning. These questions can be
used by DoD staffs to evaluate U.S. programs from a competition
perspective and to identify program modifications or other actions
to compete more effectively with the Soviet Union.

Appendix B, "B-52: A Case Btudy for Miljitary Competition
with the Soviet Union," by Dr. R. A. MNontgomery.

In this appendix Dr. Montgomery examines the B-52 program
to determine which factors have beaen most influential in deploying
a cost-effective weapon system with high competitive leverage and
in extending its useful life wmany decades beyond the initial
projections and design goals. These factors include those external

to the B-52 design and those related to the design and prograr plan
for the bonmber.

The principal external factors are as follows: first,
strong user interaest, involvement, and feedback:; and second, large-
scale sxploitation of a technological advantage in a critical area
of military capabilities to establish a long-lasting competitive
advantage. Other external factors are the competance, dedication,
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and continuity of the lead personnel, both in government and in
industry; a clear mission and role for the weapon system;
willingness to accept and resolve the inevitable technical and
operational problems; willingness to take a major first step in the
prototype development; and public and congressional support.

The principal internal factors are: inherent design
flexibility to accommodate growth in performance and robustness to
enemy counters; rapid development and fielding to obtain early
service operational experience to reduce overall risk while
providing important early capability; and a vigorous preoduct
improvement program with extensive model changes effected without
breaks in production or delays in deployment.

Appendix C, “The Technological Level of Boviet Industry",
by Dr. Dennis E. Smallwood.

Dr. Smallwood summarizes the contents of a book by a
group of British specialists on technology and the Soviet Union
(The Technological Level of Soviet Industry (1977)). This book
evaluates the state of Soviet technology in key civilian and
military areas of the economy of the USSR. The basic conclusion
of the authors of this book is that the Soviets have trailed the
free world nations in the majority of the development and
production-oriented technologies.

Appendix D, "sSoviet Demographic Trends And The U.8.-
8oviet Military Competition,” by Dr. Richard 8. soll.

Dr. Soll reviews demographic trends in the Soviet Union
and their potential impact on the military, econoumic,
manufacturing, and political sectors of the USSR. He describes the
increasing percentage of Muslims in the population and concludas
that the impact of this population shift on the social, econonmic,

iv




political, and military dimensions of the Soviet Union could be
major. Sovist demographic trends tend to place the USSR at a
disadvantage in the competition with the United States. Dr. Soll
identifies a number of damographic opportunities that the United
States could exploit in the military competition.

Appandix B, "Historical Examples of Military
Competition,® by Dr. J. J. Martin.

In this appendix, Dr. Martin briefly summarizes several
case histories and identifies the lessons that can be gained that
are applicable to today's competition with the Soviet Union. One
of the major lessons is that there are no permanent advantages in
military competition ~- adroit management of innovation has been
a key part of military competition since at least medieval times.
Martin concludes that the state of a nation's technology is
determined primarily by economic, political, and social conditions,
not military investment. Military investment can, however, affect

the speed and efficiency with which new technology is incorporated
into the armed forces.

Appendix Fr, "Contemporary Lessons for the U.S.-Soviet
Military Competition from NSC-68", by Mr. Joseph Fromm.

NSC-68 was written in 1950 by the State Department's
.Policy Planning Staff under the direction of Paul Nitze. purpose
was to convince President Truman of the reality of the long-term
Soviet threat and the necessity to take strong steps to counter
this threat. In this appendix, Mr. Fromm reviews the more salient
features of the NSC-68 documant and points out that the policy of
containment has been a major and successful.U.S. strategy in the
military competition with the USSR.




Appendix G, “"The U.8.-8oviet ICEX Long-Term Competition,n
by Dr. Joal Bengaton.

This appendix is a chronological review of the U.S. and
Soviet development and deployment of intercontinental ballistic
missiles (ICBMs) over the past three decades. Dr. Bengston finds
a2 number of lessons in this chronology for the U.S.-Soviet military
competition, notably that the Soviet Union, while lagging the
United States in ICEM technologies, has been able to produce ICBM
systems that meet Soviet warfighting requirements and that
pProgressively have put the United States at a disadvantage in the
strategic balance.

Appendix H, "U.8.-8oviet Ballistic MNissile Defense
Competition,” by Dr. Joel Bengston.

This study concentrated on U.S. and Soviet ballistic
rissile defense (BMD) programs. Dr. Bengston finds that, -through
the 1970s, U.S. BMD programs were driven more by technology
opportunities and problems than by actual Soviet threats:; the
technologies of Soviet BMD programs lagged behind those of the
United States until the signing of the ABM Treaty in 1972.
Thereafter, until the start of the Strategic Defense Initiative
(SDI) program, the United States reduced work on BMD technology,
while the USSR sought to catch up with the United States in this
area,

Appendix I, "goviet ICEN and BMD Developmante in the
U.8.-8oviet Military Competition,® by Dr. Richard soll.

Dr. Soll traces the development of Soviet ICRMa and
antiballistic missile (ABM) systems. He includes a discussion of
Soviet military planning factors and weapon system procurement
decision processes related to ICEM and ABM systems. He concludes
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that the Soviets study systematically the status of the long-term
military competition and initiate thea actions necessary to satisfy
their offensive and defensive warfighting requirements.
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PREYACE

The term “competition® is commonly used to characterize
the relation between the United States and the Soviet Union.
Despite the recognition that the two superpowers compete in all the
major dimensions of international relations -- political, military,
econcmic, technological, and ideoclogical -- there has been
relatively little research on the nature of this competition and
on systematic ways for the United States to improve its competitive
position in this complex vying for power and influence.

There are many examples of effective U.S5. compatitive
actions, but little attention has been given to explicit planning
processes and strategies to help the U.S. Government compete more
effectively with the USSR over a long period. In the late 1940s
and sarly 19508 there were discussions of broad national strategies
for the competition, especially at the RAND Corporation. But this
line of questioning gradually died out by the mid-1950s. In 1969-
1070, Andrew Marshall worked on a framework for analyzing the U.S.-
Soviet long-term competition, concentrating on strategic forces.
Under Marshall's leadership, the Department of Defense began in the
mid-19708 to carry out studies of more genaeral strategies for the
military competition, drawing on business concepts for strategqic
planning. In 1986, the Secretary of Defense established the
Competitive Strategies Initiative, which addresses specific
military missions or tasks.

As part of the DoD examination of how to compete more
effectively with the Soviet Union, Science Applications
International Corporation (SAIC) has been under contract since 1985
to carry out research on the nature of the .U.S.-Soviet long-term
military competition and on improved means for developing and
implemanting strategies for this competition. Wwhile the focus of
our research is on the military dimension of the competition, it
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also takes into account the political, economic, technological,
and ideclogical dimensions, Moreover, our effort encompasses broad
national strategy as well as specific military missions or tasks
and is directed at planning concepts and methods, rather than at
devising specific strategies. Thus, the SAIC work has sought to
improve the context and methods for DoD competitive strategies
development, but does not duplicate planning efforts being carried
out by the Department of Dafense.

SAIC's research on the U.S.-Soviet long-term military
conpetition was funded and guided by the Director of Nat Assessment
in the Office of the Secretary of Defense. The contract was
administered by the Defense Nuclear Agency.

The results of SAIC's research are contained in three
volumes.

. Volume I describes the general nature of the U.S.~
Soviet long-term military competition, including
concepts useful for understanding what iz important
in this competition and for developing strategies
to compete effectively.

o Volume II describes a structured process for
devising and implementing strategies for the long-
term military competition, evaluates current
analysis tools in terms of their adequacy to support
competitiva strategy development, and recommends
improvements.

. Volume III contains case studies and other
background papers that supplement volumes I and II.

Although these three volumes collectively describe the

SAIC research, each is designed to be read independently of the
other.

Dr. J. J. Martin was the Principal Inveatigator for
SAIC's research on the U.S.-Soviet long-term military competition
and is the author of two of the appendices in this volume. Authors




of the other appendices include Joel Bengston, Joseph Fromm,
Richard Montgomery, Dennis Smallwood, and Richard Soll. James
Miller edited this volume.
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ferk 1.000 000 X E +9 foule (13
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pound-force {15! evoirdupots) .48 222 newton (N)

pond-force inch 1.120 M8 X E -2 nawion-metsr (N m)

pound-force/inch 1.781 288 X E +2 . newion/meter {(N/m)

pound -force foot* J TR P2 X K -2 Klc pascal (kPa)

pound-force/tnch® (pst) 6:8% 157 Kilo poseal (xPa)

pound-masa (Ibm avoirdupois) 4.535 P24 X E -} kilogram (kg)

pound -moss-foot ? 4.204 01} X K -2 ikfloprom-meter® (kg-m*)
(moment of tnertia)

pound~masi/foot* 1.801 M4E X E ¢} idlogrom-meter® {kg/m*)

rod {ratiotion dose absorbed) 1.000 000 X E -2 Groy (Gy)*"

roenigen 25T Te0 X £ -4 coulomb/xilogram (C/xg)

shaky 1.000 000 X E -8 asecond {s)

slug 1.458 3900 X E ¢} kitagram (kg)

torr {mm Hp, & C) 1.333 22 X E -1 ikilo porcal (kPo)

. The becquerel (Bg) Is the ST unit of rodiccctivity: 1 Bg = ] event/s,
4 The Croy (Cy) is the 21 unit of abaorbed rodiation.
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APPENDIX A
A GUIDE FOR COMPETITION PLAKNING

J. J. Martin

This appendix outlines a set of questions as a heuristic

guide to military competition planning.' It is consistent with
the procedures of the more extensive layered planning process
described in volume II. This guide has, however, the advantage

that it can be used now, whereas decisions about resources and
organizational structure must be made in order to implement the
layered planning process in the Departmant of Defense. The guide
can also be used as an aid in the layered planning process,
especially in layer 2 (high-level strategic plan) and layer 3
(subarea goals and strategiesj.z

Following is a set of questions to be explored by DoD
staffs as a means of evaluating current U.S. programs from a
competition perspective and of suggesting modifications to these

programs or other actions to compete more effectively with the
USSR.

1. What enduring U.S. and Soviet strengths and weaknesses are
relevant to the long-terrm military competition?

e Enduring refers to attributes that are not likely to
change for at least twenty years, if ever.

2. What temporary U.S. and Soviet strengths and weaknesses are
relevant to the long-term military competition?

¢ Temporary refers to attributes that are not likely to
change over the period of a weapons development cycle

(e.g., ten years), but could change over a longer
period.

3. In each subarea of the competition, what are the critical
success variables to which each side must respond?




e Critical success variables relate to the inherent
demands of a particular subarea of the military
competition. These may include, for example, mastery
of basic technologies, responses to geographic
constraints, possession of regquisite management
skills, or the ability to deal with alliance
requirements.

What U.S. actions (e.g., technology applications or new
operational concepts) should be set in motion to take better
advantage of U.S. strengths and soviet weaknesses in the long-
term military competition? Such actions might have one or
more of the following competition objectives:

e Make Soviet military investments cbsolete.

¢ Impose costs on the USSR.

® Cause the Soviet Union to sustain expenditures on
obsolete weapon systens.

e Otherwise divert Soviet resources from more
threatening to less threatening areas or from areas
where they are more competitive to areas where they
are less competitive,

What actions (e.g., technology applications or new operational
concepts) are the Soviets pursuing or might they pursue to
take better advantage of Soviet strengths and U.S. weaknesses
in the long-term military competition? Soviet competition
goalg might include one or more of the following: '

® Make U.S5. military investments oksolete.
® Inmpose costs on the United States.

® Cause the United States to sustain expenditures on
obsolate weapon systens.

® Otherwise divert U.S. resources from areas of primary
relevance to U.S5. security to areas of secondary
relevance or from areas where the United States is
more competitive +to areas where it is less
compatitive.

What actions should the United States take that will improve
its future ability to compete with the Soviet Union (long-term
U.S. investments to improve its competitive position)? What
actions is the Soviet Union likely to take to try to improve
its compstitive position?

e Technology develcpments.
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e Weapon syetem deployments.
@ Operaticnal concepts.
e Political, economic, or arms control actions.

7. Are thare different uses of current U.S. military assets
(e.g., deployed weapon systems) that will:

® Make Soviet military investments obsolete?
e Impose costs on the USSR?

e Cause tha Soviet Union to sustain expenditures on
obsoclete weapon systems?

® Otherwise divert Soviet resources from more -
threatening to less threatening areas or from areas
vhere they are more competitive to areas where they
are less competitive? '
8. What are notable past successes and failures in the long-term
competition? What lessons can be learned from these successes
and failures?
e U.S. successes and failures.
® Soviet successes and failures

9. How competitive are current U.S. programs in light of answers
to the above?

e Weapons development and procurement programs.

e Technology developments.

® Operational concepts, doctrine, and campaign plans.

® Arms control objectives and positions.




ENDNOTES TO APPENDIX A

This set of questions was developed by Graham Allison, Joseph
Fromm, and J. J. Martin in a meeting on July 1, 1986.

See discussion of the layered planning process in volume II,
chapter 1.
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APPENDIX B

B-52
A CASE BTUDY FOR MILITARY
COMPETITION WITH THE SOVIET UNION

R.A. Montgomery

B.l INTRODUCTION

Success in the long-term military competition between the
United States and the Soviet Union requires realistic selection and
delineation of national security requirements and objectives; a
long-range planning foundation for predicting military capabilities
required vis-a-vis the Soviets at future times; determination of
future military force design principles; and timely acquisition and
introduction in quantity of major new weapons systems essential to

maintain a competitive advantage for execution of critical
missions.

The B-52 program has been examined in an effort to
determine which factors were, or have been, most influential in
initially deploying a cost-effective weapon system with high
competitive leverage and in extending its useful life many decades
beyond the initial projections and design goals.

Current formal U.S. acquisition principles, policies, and
procedures, as contained in DoD Directive 5000-1 and DoD Directive
5000-2, do not sufficiently evidence the long-term perspective
needed to assure that major weapon syastems approved for development
and production will make both a significant contribution to our
military capability and have a long, militarily-useful life.' The
Packard Commission report raecognized this in 1986 and recommended
actions to improve the acquisition process, including rapid
prototyping.2 The early stages of the B-52 program provide an
excellent example of the soundness of the Packard Commission's




recommendations about rapid prototyping as a means to reduce
acquisition lead-time.

The factors affecting progran success and related
competitive advantage fall into two groups: those external to the
program, relating to the decision process and overall program
environment, and those internal to the program, relating to design
and program plans.

The principal external factors are as follows: first,
strong user interest, involvement, and feedback; and second, large-
scale exploitation of a technological advantage in a critical area
of military capabilities to establish a long-lasting competitive
advantage. Other external factors are the competence, dedication,
and continuity of the lead personnel, both in government and in
industry; a clear mission and role for the weapon system;
willingness to accept and resolve the inevitable technical and
operational problems; willingness to take a major first step in the
prototype development:; and public and congressional support.

The principal internal factors are: inherent design
flexibility to accommodate growth in performance and robustness to
enemy counters; rapid development and fielding to obtain early
service operational experience to reduce overall risk while
providing important early capability; and a vigorous product
improvement program with extensive model changes effected without
breaks in production or delays in deployment.

Other examples could be selected -- such as the HAWK air
defense system, the M-60 tank, and the F-4 aircraft -- where a
fundamentally sound initial design, major commitment and support
at all levels of government, and strong user inputs have provided
long~life weapon systens.




This appendix is based in part on an excellent history
of the B-52 prepared by Mr. Walter J. Boyne in 1981.° The factual
material in Boyne's book is supplemented by additional material
from personal involvement of the author while in government service
and from interviews. The assistance and cooperation of Mr. Boyne

is greatly appreciated, as is his permission to draw heavily from
his book.

B.2 GENESIS OF B-52 PROGRAM

Walter Boyne traces the origin of the B-52 back to the
Atlantic Charter meeting between President Roosevelt and Prime
Minister Churchill in August 1941. At this meeting, the need was
identified for an intercontinental bomber capable of carrying a
10,000 pound payload a distance of 10,000 miles. Development of
the B-36, initiated during World War II, was the first-generation
response to this need; the B-52 was the second—generationIresponse.

The B-36 was operational by 1949 and was replaced by the B-52
starting in 1955.

An intercontinental bombing capability was envisaged in
1941 as required to fight effectively against Hitler's Germany if
Great Britain were to fall to Nazi invasion forces. later, with
the onset of the cold war between the United States and the Soviet
Union, this desired military capability was viewed as potentially

. providing a decisive military advantage to the United States using
nuclear weapon payloads.

The U.S. Air Force initiated design studies for the B-36
replacement in 1946, even before the B~36 was operational. A large
aircraft was envisaged with turbo-propeller propulsion. Boeing won
the initial design competition in September 1947, but had little
hope of major funding until sufficiently powerful turboprops were




available and a significant performance margin over the B-36 could
be assured.

The B-47 development had been initiated in mid-1946, and
in 1948 production of this medium all-jet bomber was ordered.
Early B-47 flight tests proved out the aerodynamics of high sub-
sonic speed flight, giving confidence about the feasibility of a
pure-jet heavy bomber. In any event, Boeing and the air force
agreed on an all-jet design by default as soon as it was recognized
that an adequate turboprop engine would not be available early
encugh. The Boeing proposal, prepared over a single weekend in
October 1948, was thirty-three pages long and defined the B-52 as
it initially was built. The program received immedjiate support
from the air force's Research and Development Command and the
Strategic Air command (SAC). Development was initiated in early
1949,

Later in 1949, detonation of the first Soviet nuclear
device shocked the U.S. intelligence community, the Defense
Department, the administration, the Congress, and the public.
Additional priority for B-52 development was one of the
consegquences. The onset of the Korean War in 1850, following
several years of continuing European crises after the Berlin
blockade in 1948, further reinforced the perception of the need to
maintain and strengthen U.S. strategic superiority over the Soviet
Union.

Since the B-52 payload objectives were about 10 percent
of the gross takeoff weight for useful ranges, small variations in
weight, thrust, drag, or fuel consumption could impact
significantly the overall performance. The air force leadership
recognized that the performance potential of the B-52 justified the
development risks and to some degrea overruled their own




laborateories in accepting the novel and unproven design approaches
necessary to achieve the overall flight performance goals.

A rare coincidence of influences probably contributed to
the decision to start the B~52 program and to its eventual success.
These were:

® Strong leadership and support in the using command.

® Recognition of international danger at the time of the
Berlin blockade in 1948, the subsequent initial Soviet
nuclear detonation in 1949, and the Korean War of
1950-53.

e The newness of the U.S. Air Force as a separate

service and its relative lack of bureaucracy at the
time.

e The spirit of cooperation and mutual trust between
industry and government.

e The competence, experience, and self-confidence of the
prime contractor.

e The continuity of assignments of key personnel in both
government and industry.

e Minimal interference and second-guessing by Congress
or DoD staffs.

e Public support for aviation projects.

B.3 DEVELOPMENT AND PRODUCTION

Although the B-52 aircraft was an entirely new design
the first flight of a prototype took place in mid-1952,
approximately three and a half years after the. start of
development. Many design innovations necessary to obtain the
desired performance were incorporated into the B-52 design. These
included a large-area flexible swept wing designed for fuel
storage; a pneumatic system for auxiliary power; a steerable eight-

wheel bicycle landing gear; new bombing and navigation systems; and
a new high-thrust turbojet engine.




Aerodynamic calculations and wind tunnel tests showed
that a wing root relatively thicker than that of the B-47 could be
used without significantly impacting drag. This permitted a
lighter~weight wing with provision for fuel etorage in the wing,
thus adding to the potential range and providing fuel storage space
without using the fuselage. The relatively large wing area
contributed to the high lift over drag ratio essential for long
range. The pneumatic system was selected for weight savings and
was eventually replaced by a hydraulic system. The novel landing
gear contributed to stability and a small turning radius on the
ground, as well as ease of taxiing in creoss winds. The new bombing
and navigation systems were needed for long over-water flights and
accurate bombing without visual target acquisition. The new~design
Pratt and Whitney JT3A jet engines each provided approximately
double the thrust of the General Electric engines used on the
B-47.

Taken together, these features provided a relatively low
empty aircraft operating weight. The spaed, altitude, payload,
internal volume, and unrefueled range of the B-52 gave it a major
advance in performance over all previous heavy bombers and provided
a significant competitive advantage over any bomber aircraft or air
defenses the Soviets would be capable of producing for many years.
These features contributed to the robustness of the system in the
following ways: the long range allowed flexibility in target attack
flight paths and altitudes; the large payload and internal volume
provided room for defensive armaments, electronic warfare
equipment, and defense suppression weapons, as well as flexibility
in primary payload carriage.

Initial production was ordered more than a year before
first flight of the experimental aircraft. Initial productiecn
models from the Seattle Boeing plant flew in mid-1954. By the end
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of 1954 full production was ordered, using Boeing assembly lines
in both Seattle and Wichita, Kansas. The first ajircraft were
delivered to the Strategic Air Command in 1955 and the initial wing
of B-52B aircraft was fully operational in 1956. In today's
procurement there would be significant delays between each phase
of the program, greatly delaying the fielding of the system and
increasing its costs.

The average unit production costs (including engines,
electronics, and armaments) were as follows, in current or then-
year dollars:*

Number First Average
Model = Produced  Delivery = = Unit Cost
B=52A 3 1954 $29.5M
B~-52B 50 1555 14.5
B-52C 35 1956 7.0
B-52D 170 1956 6.5
B-52E 100 1957 6.0
B-52F 89 1558 €.5
B-52G 193 1959 7.5
B-52H 102 1961 9.5

Production started at the Boeing Seattle plant, with a
second preoduction line later established at the Boeing Wichita
plant. Of the total of 744 air frames, 467 were built in Wichita.
Production was split both to establish a second production source
-and to reduce vulnerability to potential Soviet air attack. The
B-52D, E, and F models were produced at both plants. The B-52G and
H models were produced only at the Wichita plant. B-52s were

produced at a maximum rate of approximately eight aircraft per
month.

An important characteristic of the B-52 program was the
series of changes to increase performance, adapt to new missions,
fix problems, and extend the useful life of the aircraft. The last

11




B-52 aircraft was delivered in 1962, over a quarter century ago.
But this statistic is misleading to some degree, as all models now
in service have seen extensive modification. Without these
modifications the aircraft would long ago have been obsolete or
unsafe to fly.

In retrospect, the pace of the program was really
remarkable by current standards. Seven major models were fielded
in as many years after initial deployment, each in major production
quantities. The G and H models, comprising approximately one-half
the total production, incorporated major design changes. The
changes in the G model included a new wing, which eliminated the
fuel bladders; hard points for external missile carriage; and
significant crew-friendly minor changes. The H model introduced
the fan-jet engine, whose fuel consumption was markedly lower that
of earlier B-52 engines, providing the final increment of range-
payload performance. The H model was also the first to be equipped
with a terrain-avoidance radar for low-level flight.

These aircraft design changes resulted in significant
growth in flight performance as measured by range, payload, and
low-altitude flight capability.’

{MIL-C-5011A)
Gross Unrefusled

Model Weight (1lbs.) Payload (1b.) Radius (pm)
B=-524 420,000 14,000 3100
B-52B 420,000 63,000 3100
B-52C-F 450,000 64,000 3300
B-52G 488,000 105,000 3800
B—-52H 488,000 105,000 4500

MIL-C-5011A is a military specification defining procedures for
calculating the flight performance of aircraft on a standardized
basis. Basically, the radius cited is for unrefuelled high-
altitude flight with a mpecified reserve fuel amount. Radius at
low altitude is reduced and radius with refuelling is greatly
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increased as compared with the data shown in the table. The
increase in payload for a fixed range bstween the A and B models
was due to thrust increasea in the engines for the B models, as
well as to soma weight raductions. Oonly three B-~52As were
completed; others were converted during production to the B design.

B.4 OPERATIONS

The Strategic Alr Command had matured with the deployment
and operation of the B-36 and B-47 aircraft. General Curtis Le
May, SAC commander during 1948-1957, raised the SAC force to
standards of training, efficiency, and combat readinass previously
unknown in peacetime by any U.S. forces. The Strategic Air Command
tripled in manpower and eguipment between 1950 and 1960 with the
build-up of the B-47 force to a total of approximately 1560
aircraft, the large B-36 deployment, and the overlapping B-52
deployment.

The high standards of training and close relatienship
between the service developer, the service user, and supporting
industry minimized the feedback time for necessary safety or
mission changes. A service operational test organization could not
have achieved the same results. Fundamentally, an operational test
organization has a mission to discover all possible problems and
to send equipment back to the developer for modification. The user
‘'wants necessary modifications incorporated while maintaining
service utility. His priorities are significantly different.
Delaying the fielding of production hardware simply delays the
discovery of critical operational problems or needs that are not

otherwise reasonably possible to anticipate, and delays the
realization of operational benefits.

The Strategic Air Command was, however, much more than
B-478 or B~52s5. It had efficient and demanding officers in command
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pPositions who in today's service environment might be judged as too
deficient in interpersonal attributes to be selected for promotion.
The Strategic Air Command, almost uniquely, operates under near-
wartime alert and training conditions. It demands much of its
people and equipment, and drives the rest of the air force system
to provide support.

Initially, a large fraction of the SAC force was based
overseas, at bases in North Africa, for example. The introduction
of reliable in-flight refueling, the procurement of large numbers
of KC-135 tanker aircraft, and the development of the longer-range
B-52 aircraft permitted consolidation of most SAC resources in the
United States. Overall, the pace of the B-52 program was probably
due more to "pull" from the user, rather than "push" from the
developer. Necessary fixes were worked out and implemented under
extreme time pressure, to maintain operational capability.

Surprise operational-readiness jinspections served to
check combat readiness as well as to eliminate from the chain of
command officers unwilling or incapable of meeting the high
operational standards of the Strategic Air Command.

The B-52Ds were extensively used in the Vietnam War and
were augmented by the B-52Gs for the major raids on Hanoi and other
key targets immediately preceding the end of the war.

The size of the B-52 fleat was reduced in the 1970s= for
a number of reasons, including costs and arms control restrictions.
Only the B-52D, G, and H models were retained. The B-52D became
primarily a conventional weapon carrier, and the B-52G¢ and H models
were equipped to carry up to twenty Short-Range Attack Missiles
(SRAMs) each. When the Alr-Launched Cruise Missile (ALCM) became
operational in 1982 all the B-~52H aircraft and approximately half
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of the G aircraft were fitted to carry it. The remaining B-52G
aircraft replaced the D aircraft as conventional weapons carriers.

B.5. MAJOR FROBRLEMS AND BOLUTIONS

It is difficult to make a clear distinction between
problems inherent in the basic design as related to the initial
nissions and concepts of operations and problems <that were
exacerbated or resulted from changes in operational use or life
extension. In any event, solutions were developed with minimal
recrimination, giving priority to mission effectivenaess and flight
safety. Some of the major problems and solutione are discussed in
the following paragraphs.

B.5.1 Structural and Flight Control

The original structural design requirement was for 5000
hours of high-altitude flight., Actual usage is estimated to have
averaged about 600 hours per year, much at low-altitude flight,
which consumes fatigue life at a much higher rate than high-
altitude flight. As a consequence, all models have undergone a
series of changes that resulted in major redesign or renewal of a

large fraction of the gkin. In addition, specific problems
surfaced. -

The initial design of the B-52H wing used an advanced
aluminum alloy that turned out to be fatigue-sensitive, and those
wings were replaced using a more conventional alloy. Moreover, the
primary rear bulkhead of the fuselage was redesigned after flight

failures under both high- and low-altitude clear-air turbulence
{(CAT) conditions.

Low-level penetration flight to avoid air defenses becanme
normal doctrine starting about 1960. Auto=-pilot changes were
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needed to ameliorate the rough ride, not just for crew comfort,
but also for crew effectiveness. Low-level flight is much more
stressing on the air frame than high-level flight, in terms of
using up fatigue life.

The U.S. Alr Force initially planned to phase out the

B-52 starting in 1969 and to complete the process by 1974,
replacing it with one of the many potential successors (the B-70,
R5-70, or the Advanced Manned Strateglc Aircraft) visualized in
1962-1964. Major changes were, however, initiated in 1964 to
provide a comprehensive long-term fix to the contrel and structures
problems recognized at that time, as well as to permit service-life
extension through at least 1976. A committee appointed by the
Office of the Secretary of Defanse reviewed the investigations and
analyses of the air force and Boeing, recommending a comprehensive
redesign of the flight-control system to provide greater load
alleviation and to meet fully the diverse demands of high-level
flight, response to CAT conditions during refueling maneuvers, low-
level flight, take-offs, and landings. A modernized flight-control
system was developed and incorporated.

In the early 1970s, extending the range of the B-52Ds
for usee in Vietnam led to the need for additional modifications
for a portion of the B-52D fleet. Eight aircraft were selected for
further life extension in a $220M program called Pacer Plank that
invelved the rebuilding of major portions of the wings and large
portions of the fuselage.

B.5.2 Other Problens

The pneumatic system used for primary power on the early
models was unsatisfactory and was replaced. The original concept
was to bleed air from each jet engine to drive air turbine power
packs. This system was replaced early in the program.
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The most important feature of all of these B-52
modification programs was the willingness of the air force to
recognize and to correct problems on a continuous basis, sustaining
the confidence of the flight crews in the basic integrity of their
alrcrart.

B.6 HODRENIZATION
B.6.1 Evolution of the Air Defense Threat

Recognizing that the initial design of the B-52 predated
the deployment of the first-generation Soviet surface-to-air (SaM)
systems (principally the SA-2 and SA-3) and the first demonstration
of a nuclear weapon capabllity by the Soviets, the threat
environment has changed dramatically since the initial deployment
of the B~52. The generations of alr defense threat change
basically were as follows:

® Transition from guns to SAME.
¢ Netting of air defense systems.
® Advanced fighter-interceptors and air-to—-air missiles.

® Airborne radar warning and control with low-altitude
tracking capabilities.

e Look-down/shoot-down fighter-interceptors.

Air defense interceptors, SAM systems, and radars have
all grown in capability as modern technology was incorporated.
Radars have become more capable of operating in an electronic

countermeasures (ECM) environment, as well as better able to handle
high traffic rates.
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As air defense threats grew in capability and density,
B-52 modifications made it possible to retain the competitive
advantages of this bomber. Penetration was enhanced by a
combination of route selection, flight profile, defense
suppression, and electronic countermeasures. ECM capabilities, in
particular, have gone through a series of generation improvements,
details of which are classified.

As Soviet air defenses were extended over an increasingly
large fraction of the USSR, U.S. bombers had to cover greater
distances at 1low altitude or to carry long-range stand-off
nissiles. Both approaches have been pursued in the B-52 program.
Longer ranges at low-altitude imply heavier reliance on both pre-
and post-attack refueling. The large payload, range, and internal
fuselage volume of the B-52 made it highly adaptable to varying
missions and weapon loads.

In short, the B~52 established early superiority over
Soviet air defenses and over a thirty year period largely retained
that superiority through an aggressive program of modernization of
the air frame, the avionics suites, the weapons carried, and the
concepts of cperations.

One may ask why the Soviets did not develop and field a
bomber force comparable to the U.S. B-52 force, particularly in
the period before technical feasibility and operational utility of
either land-or sea-based strategic ballistic missiles was assured.
The United States was ahead of the Soviets in the technologies
critical to a heavy-bomber force, including in-flight refueling.
The Soviet response in the 1950s was the Bison and Bear bombers.
The Bison was a pure jet, large subsonic aircraft, the Bear a
similarly large turbo-propeller-powered aircraft. Relatively few
of the Bisons were built. Arguably, however, the large-scale
application of advanced technology to air defenses by the Unitead
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States in the 19508 anticipated, pre-empted, and discouraged the
Soviets from the production of the major long-range bomber force
predicted by contemporary intelligence sources.

U.S. air defenses had initially develcoped along lines
similar to those of the Soviat Union. The Nike Ajax and Hercules
SAM systems were roughly comparable to the Soviet SA-1 and SA-2.
In 1951, however, the U.S. Air Force initiated development of long-
range nettaed air defenses, applying much more advanced technology
in anticipation of a Soviet response in developing and producing
a B-52-l1like force of their own. The major elements of the systemn,
partially daployed by 1960, were the Semi-Autematic Ground
Environment (SAGE) netted air defense, using digital communications
and large main-frame digital computers, advanced manned all-weather
supersonic interceptors, very long-range pilotless interceptors
with active radar homers, and modern ground-based long-range
radars. For example, the BOMARC B unmanned interceptor had a range
of over 400 miles and incorporated the first operational pulse-
Doppler radar for interception of low-flying targets and a smaill
nuclear warhead. Remote launching and in-flight wvectoring of

BOMARC at Cape Kannedy by a SAGE facility in Kingston, New York,
was demonstrated in 1958.

Deployment of these advanced U.S5. air defenses was never
completed, as the Soviet bomber threat did not fully materialize
.and the development of intercontinental ballistic missiles (ICBMs)

posed new threats. U.S5. continental air defenses were largely
dismantled in the 1960s.

Nevertheless, the U.S. developmental investments in
advanced air defenses helped to anticipate and understand Soviet
ailr defense developments, thus centributing to wise choices in the
modernization and operaticnal employment of the B-52 force.
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B.6.2. Ballistic Missile Threats

The design and operation of the B-52 force vwere
significantly affected by the threat of surprise attack by
ballistic missiles. This threat was not envisaged when the B-52
initially was developed, but was accepted as realistic with the
deployment of Soviet ICBMas in the early 1960s. One response was
to maintain a fraction of the ajrcraft continuously airborne and
carrying nuclear weapons. This airborne alert procedure was
adopted in the early 1960s, with the capability to increase the
fraction of the fleet airborne during a crisis period. These
operations were expensive to sustain, as well as politically
unpalatable, and were halted after the Palomares incident in which
4 nuclear-loaded B-52 crashed, dispersing radiocactive material.

The other principal response was to maintain a fraction
of the B-52 force always ready to take off and fly to a safe
distance within the warning time available after detection of the
launch of hostile ballistic missiles. This ground-alert procedure
required crews to be present in ready huts near the aircraft.
Base-escape times have shortened with the Soviet deployment of
submarine-launched ballistic missiles (SLBMs) on submarines that
can operate relatively close to U.S. coastlines. On-board and

support equipment have evolved to permit sustained ground-alert
readiness.

Some protection against thermal and blast loads was
necessary to reduce the lethal radius of a nuclear weapon attacking
the B-52's base, thus allowing a larger fraction of the alert force
to survive a short-warning attack. Modifications to the B-52s8 to
enhance survivability under CAT conditions also reduced their
vulnerability to blast from nuclear detonations.
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B.6.3 Evcolution of B-52 Weapon Suites

The B-52 was designed initially with a bomb bay capable
of carrying the nuclear weapons envisaged for the 1948-1950 time
period, which were large, heavy devices. Weapon evolution due to
changes inlthraats, missions, and technology was as follows.

Hound Dog. The Hound Dog was a high-altitude, subsonic
misaile with approximately 500 miles range that was carried on
B-52s during 1958-1964. About 400 of these misgiles were deployed.
It was planned to replace these missiles with the Sky Bolt missile
starting i1n the mnid-1960s, wuntil the SKy Beolt program was
cancelled. The Hound Dog was a relatively large weapon, requiring
external carriage under the wing.

Sky Bolt. Sky Bolt was an air-launched ballistic missile
with a range of 1500 miles that was designed to carry a megaton-
size warhead. Development of SKy Bolt was cancelled in 1962
because it was redundant with the accelerated daeployment of
Minuteman and Polaris. Four SKy Bolts were planned to be carried
externally on each B-52 equipped for the purpose. The air force
considered the SKky Bolt as primarily a defense-suppression weapon.

Short-Range Attack Migsjle. SRAM was a post-Sky Bolt
initiative backed by the Offica of the Secretary of Defense. The
concept was to provide the B-528 with a capability to stand off
from terminal SAM defenses. SRAM had a thirty-mile range at low
altitudes and approximately double that range in a semi-ballistic
trajectory. SRAM development was initiated in 1966, with initial
deployment in 1972. Large numbers of SRAMs could be carried
internally to the B-52 in a rotary launcher. External carriage was
also possible, but at considerable range penalty for the bomber.
The SRAM had a supersonic spased and a low radar cross-section,
making it difficult for defenses to intercept after launch. Of

21




approximately 1400 SRAMs built, 1020 were deployed on B-52G and H
models.

Alr-Launched Cruise Missile. The concept of providing

bombers with a multiple warhead, long~range stand-off attack
capability originated with a Defense Science Board panel in 19s7,
Initially accepted by the air force and Strategic Air Command only
as a bomber decoy, the ALCM program was kept alive as a bargaining
chip for arms control reasons.

Eventual acceptance of the concept by the air force and
Strategic Air Command led to deployment of the Air-Launched Cruise
Missile as a low-altitude subsonic missile with a range of over
1000 miles, permitting stand off from area defenses as well as
terminal defenses. The Carter administration cited the potential
of cruise mnmissiles on the B-52 and other aircrarft as a major
rationale for cancelling the B-1 bomber program in 1977. Both ALCM
and SRAM were considerably smaller and lighter than earlier U.S.
stand-off missiles or contemporary Soviet designs, enhancing their
competitive advantage in performance and numbers carried.

conventional Weapons. B-52Ds were equipped to carry a

54,000 pound payload of 500-pound conventional bombs for use in
Vietnam, a total of eighty-four bombs plus retaining racks. More
recently some B-52Gs have been fitted to carry HARPOON air-to-
surface missiles for maritime patrol.

B.6.4 Avionics

B-52 penetration was enhanced by a combination of route
selection, flight profile, defense suppression, and electronic
countermeasures. As air defense threats grew in capability and
density, changes were made as possible to retain B-52 penetration
capabilities. The avionics, in particular, have gone through a
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series of generational improvements, details of which are
classified.

B.6.5 Modernization Coats

The total injtial production cost of the B~52 force, in
current or then-year dollars, was approximately $6.0 billion. 1In
1981, planned or expended B-52 modification costg were projected
to be: -

Accomplished through FY1979 $0.34 biliion

On-geing in FY 1981 $0.33 billion
(FY1980-FY1990)

Future (FY1983-FY1990) $4.40 billion

More recent procurement expenditures for B-52 modifications are as
followsa:’

FY 1986 $393 million (Actual)

FY 1987 $397 million (Planned)
FY 1988 $270 million (Planned)
FY 1989 $195 million (Planned)

These costs exclude procurement of ALCM missiles.
B.7 LEESSONB LEARNED FOR CONPETITION BTRATEGIES

B.7.1 Major Competitive Payoffs From Technological
Breakthroughs

The first 1lesson learned is that establishing a
significant lead in one major area of military capabilities can
force the opponent to make major expenditures in order to catch up
over a protracted period of time, assuming continuing investments
to sustain the competitive margin. 1In the B-52 example, the lead
was effected through & combination of clear mission concept,
advanced vehicle design and technology applicationm, rapid
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development and testing, early deployment in operationally-
significant numbers, and a vigorous product improvement program.

The B-52 pjioneered in the application of high subsonic
speed aerodynamicse and controls, the largest design turbo-jet
engines at the time, and high-speed aerial refueling technigues to
a long-range bomber system. This combination of enabling
technologies made feasible an advanced system concept that even in
its initial deployment represented a large step forward.

The large-scale, rapid deployment of the B-52 during
1956-1962 gave the United States a major competitive advantage over
the Scoviet Union in strategic offensive forces, while greatly
reducing U.S. dependence on foreign air bases. This advantage has
driven major Soviet expenditures on air defenses, including saM
systems, manned fighter—interceptors, radars, and c systems, over
a period of thirty years in an effort to catch up or make obsoclete
the initial U.S. investment. The United States, in turn, has been
able to capitalize on and maintain its initial lead through
continuing modernization of both offensive and defensive avionics
suites and the adoption of new tactics such as low-level
penetration. The
B-52 fleet s8till carries approximately 25 percent of the warheads
and a larger fraction of the total megatonnage of tha U.S.
strategic force.

B.7.2 System Design Flexibility

The second lesson learned is that any new major weapon
system design should include as principal cobjectives adaptability,
flexibility, and robustness in the face of efforts by the adversary
to counter the systemn. Adaptability has multiple dimensions.
Firast, we expect the threat to evolve in intensity and quality, and
not always in a predictable manner. It is essentjal that the
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weapon system ba designed to accommodate necessary new capabilities
to maintain its competitive advantage over an improved threat with
time. Second, our own technological advances create opportunities
for product improvement for either increased capabilities or lower
support ceosts. Third, opsrational concepts change due to policy
changes, target system changes, or introduction of complementary
U.S. weapon systems. The B-52 was adapted successively to low-
altitude panetration missiona, conventional bombing missions, and
carriage of stand-off missiles, among other changes.

As its long service life has demonstrated, the basic
design of the B-52 had these characteristics. To what degree the
flexibility and growth potential were preplanned is arguable and
perhaps irrelevant. On the one hand, the service requirements were
not specified in anything like the detail now imposed. This fact,
and Boeing's design philosophy derived from earlier pioneering
aircraft designs (B-17, B~29, B-47), led in the B-52 examnple to a
very large jet aircraft with ample interior room and payload
capacity. The design lift to drag ratio was approximately twenty,
providing an airframe efficiency that could, even today, only
marginally be improved.

On the other hand, the air force never expected to retain
the B-52 for such a long service life. The RS-70, the B-70, and
later the B-1 were developad as replacements for the B-52 in its
strategic bombing mission. In 1964, air force plans called for
phasing out the B-52 starting in 1969 and completing the phase-out
by the mid-1970s. Service life limits and mission obsolescence
were foreseen, but were averted through extensive modernization
programs.

Current DoD procurement regulations and practices dictate
design solutions that are optimized on a cost-effectiveness basis
against specific threat estimates, initial fielded capabilities,
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and specific concepts of use. All threa of these boundary
conditions can and do inevitably change, and flexibility to adapt
to such changes is an important determinant of useful program life.

B.7.3 Rapid Development and Fielding

There are powerful argumente for rapid development and
fielding, as was done with the B-52 in approximately six years.
Operational capabilities that yielded major competitive advantages
would have been delayed for at least a decade if the Daepartment of
Defense had insisted at that time on basing the B~52 design on
mature technology or subsystems to aveid risk. With such a delay,
the United States might have been trying to overtake the Soviets-
in manned bombers rather than dictating the competition.

Any new weapon system will have a projected useful life,
depending on its operational use, the threat, and the technology
used. While the useful life of a weapon Bystem can only be
estimated, it can be limited by changes in military plans, threat
changes, or technical obsolescence long before the hardware wears
out. Once the system design is selected and initial technical
choices made, the clock starts running on the useful life. The
longer the time spent in developing and fielding a weapon, the
shorter the useful operational 1life and, consequently, the
acquisition cost must be amortized over a shorter period.
Modifications and improvements can, however, extend the operational
life if the basic technical concept remains current, as in the HAWK
SAM system or the B-52.

One lesson ©f the B~52 program is that the initial
capabilities of systems can be applied effectively while
corrections or improvements are made. Also, many problems are
detectad only in actual service use and would not necessarily ever
be discovered by a test organization before production.
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Most defense analysts consider the risks of rapild
development and fielding and do not balance these risks against the
potential payoffs. In the B-52 example there was a clear payoff.
For instance, all the B-52B through F models, a total of 447
aircraft or approximately two-thirds of the total production, were
operational within ten years after initiation of development.

The principal lesson is that rapid development and
fielding for force-wide utilization was a key element in the B-52
program success,

B.7.4 Affordability

The B-52 was purchased in large quantities for heavy
bomber aircraft, with the total fleet delivered in approximately
eight years. Although the production line learning curve savings
were significant, they were to a large degree balanced out by the
costs of changing models during production. Navertheless, the
total system was affordable in quantity buys for SAC force-wide
usage, replacing the prior mix of B-36 and B-47 aircraft. with a
large deployment, modernization, problem correction, or 1life-
extension costs can be spread over a wider base, making changes
more affordable per unit than for a small fleet of aircraft.

_ The lessons are that a continuing, high-~rate production
program can be efficient and that modernization developments are
more flexible and cheaper per unit for a large fleet.

B.7.5 Strong User Involvement

Strong user involvement and personnel continuity were key
aspects of the overall management approach to B-52 development and
deployment. User involvement implies high-level support for
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program authorization and funding; a continuous voice in and
presence during the development test progran; early fielding and
expedited problem-correction programs; and demand and support for
meaningful capability improvements to exploit fully the concept and
technelogy potential. Synthetic users, such as the U.S. Army
Training and Doctrine Command (TRADOC) or operational test
organizations, are not a satisfactory substitute for involvement
of the actual opafational users. Their motivation, incentives,
charters, and responsibilijties substantially differ. Recent moves
to involve the unified commanders in the acquisition process
reflect this need.

The B-52 system design concept was backed from the
beginning with an equally solid concept for operational use. The
Strategic Air Command was thus able to bring B-52 wings to full
operational readiness in a relatively short time.

The program satisfied a valid operational need and had
strong user interest, involvement, and support in the development,
test, and production phases. "Need" does not have the same meaning
as "requirement," which implies a formal, specific, requirement
statement. 1In the B-52 example, the Strategic Ailr Command had a
clear need for a large, high-speed, long-range bomber with as much
capability as the state-of-the-art would permit.

B.7.6 Continuity of Senior Personnel

In most successful programs a few capable, dedicated
managers and key personnel have played a major role in assuring
success. They are needed on both the government and contractor
teams for a considerable period of time, if not for the life of the
development program. Specifically, rotation of key personnel on
a milestone, rather than on a calendar, basis can be helpful in
fixing responsibility and minimizing disruptions at critical times.
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The B-52 program wasg no exception. The Boeing team also
evidenced remarkable continuity, even with the shift from Seattle
to Wichita. The successful Polaris/Poseidon/Trident SLBM program
is a parallel example of personnel continuity.

B.8 RELEVANCE OF LESSONB LEARNED TO LONG-TERN MILITARY COXPETITION

In the long-term military competition between the United
States and the Soviet Union, each side's prevailing image of future
wars strongly affects its selection of competition strategies and
military applications of technologies. The two patterns of
technological innovation are evolutionary force improvements and
technical breakthroughs that open opportunities for major shifts
in competitive position. The B-52 program is a good example of the
latter. Full response to the B-52 required evolution of Soviet air
defenses from point defense to netted broad area defsnse systems
and from sole dependence on ground-based radars to a combination
of ground-based and airborne radars. This total response cycle
required twenty to forty years as contrasted to eight to fifteen
years required for B-52 development and fielding. Thus, the B-52
program is an excellent example of a U.S. initiative that forced
the Soviets into a responsive mode and huge expenditures to
maintain an overall competitive pogture. The Soviets historically
have historically spent about three times as much on their air
defenses as the United States spent on its bomber force.®

Increasing formality in the weapons systems acquisition
process has eroded the U.S. ability to effect such technical
breakthroughs in systems to be widely deployed. The Packard
Commission recognized this problem and recommended a number of
corrective actions.’ One consequence of the management
environment, as viewed by the Packard Commission in 1986, was
unreasconably long acquisition times for major weapons systems and




obsolate technology in fileldad equipment. In addition to
Streamlined acquisition procedures, the commission recommended high
priority for building prototypes and the utilization of prototypes
in initial operational testing in order better to assess their
military potential and estimate their full-scale development cost.

If one considers the three B-52A aircraft as operational
prototypes, then the B-52 program reflects the wisdom of this
approach, since operational feedback significantly improved the
design of each subsequent model. The B-52 program, however,
demonstrates the practicality and wisdom of geing further than the
Packard Commission recommendations in committing to initial
quantity production (B-52B) prior to operational prototype testing
(B-52A). Such a policy is warranted when the system either can
provide a major and enduring U.S. advantage in the long-term
military competition or is needed to counter an actual or potential
Soviet decisive advantage. Both the Minuteman and Polaris/Poseidon
programs are other examples of successful, rapid development and
fielding of major weapons systems incorporating new technology
applications. To carry the parallel further, both the Minuteman
I and the Polaris A-1l were in operational use for a limited time
period, but served as realistic operational prototypes for
subsequent modele of the weapon systen.

The Packard Commission recommended the streamlining of
acquisition organization and procedures as a major step in
shortening the acquisition cycle. The B-52 program is a good
example of the feasibility of shortening the acquisition cycle if
such streamlining were accomplished both in form and in spirit.

The Packard Commission also stressed the importance of
applying new technology to improve military capability and using
prototype hardware to begin operational testing. The B-52 example
is relevant to the recommendations.
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Another recommendation of the Packard Commission dealt
with the balance betwesn cost and performance, implying the need
for an early determination whether a sufficient quantity can be
afforded in order to influence the military balance. Again, the
B-52 program is a good example of technology-cost balance.

Further, the Packard Commission endorsed the
congressional establishment of a minimum four-year tenure for
program managers. This is consistent with the lessons learned on
personnel continuity in the B-52 progran.

The principles and objectives for acquisition management
contained in DoD Directive 5000-1 are:

e Obtain effective design and price competition.
® Apply equal emphasis to operations suitability as to
operational effaectiveness.

® Ensure reasonable program stability (includes

evolutionary approach and preplanned product
improvements).

® Delegate authority to the lowest levei,-with overall
program oversight. .

® Develop maximum international cooperation.

® Preserve a strong industrial base, however arms-length
the relationship may be with government.

In particular, the arms-length relationship is deemed to
better maintain fairness in the acquisition process. While this
approach is essential before contractor selection, arms-length
relationships during development and production can be detrimental
to the establishment of the mutual candor, respect, and trust
essential to the execution of a vigorous program.
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While these appear to be desirable guidelines to the
acquisition process, they are silent on some of the criteria
derived from the foregoing case study of the B~52.

B.8.1 Strong User Involvament

Birth-to-death user involvement is critical to program
success. The recent trend to provide to the unified commanders a
greater voice in acquisition decisions is a step in the right
direction. Trade-offs to balance cost and performance, as
recommended by the Packard Commission, need strong user inputs if

realistic decisions te drop gold-plating requirements are to be

made and later supported. Further, test organizations cannot
substitute for direct user experience in identifying and correcting
problems during testing, whether technical or operational. Placing
prototypes in the hands of the users, as suggested by the Packard
Commission, helps assure that subsequent production will better
suit users' needs. In effect, the three B-52As were production
prototypes following the B-52 design; and the fifty B-52Bs could
be considered as operational prototypes, not retained in service
for an extended pericd.

B.8.2 Technology Breakthroughs

The current policy of using proven technology, combined
with long lead times, can only produce near-~obsolete hardware.
Major investments in weapons systems that significantly impact the
military balance must incorporate new concepts and technology if
they are to provide a significant increment in capability or
reduction in cost. While this is particularly true for combat
weapons systems, it is also frequently true for support systems
where technology innovation is essential if lower acquisition and
maintenance costs are to be achieved, as discussed in the Packard
Commigsion report.
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Preplanned product improvement is a concept for reducing
costs and risks in weapon systems development by incorporating
proven subsystems or equipments in the initial design, with the
objective of later replacing these eguipments or subsystems with
mere advanced designs. The merits of this approach should be
reassessed as the cost of later technology insertion, re-
integration, test, and validation in some cases will more than
outweigh any initial savings or costs to pursue alternate technical
backup paths in risky areas. Furthermore, risk areas are not easy
to predict -~ their major common feature is unpredictability. 1If
the improvement 1s understood well enough at the outset to preplan
its incorporation, why defer it? Retaining flexibility for
incorporation of unforeseen product improvements is important, but
deferring application of known technology capabilities reduces
initial operational capabilities and usually will increase overall
costs.

B.8.3 Design Flexibility for Growth

For major systems with long anticipated, service lives,
major threat and mission changes are virtually certain. Built-in
flexibility for growth is critical, both in the system architecture
and in physical characteristics such as size, power and payload.
This subject is not specifically addressed in DoD Directive 5000~
1. Costs associated with such growth can be anticipated and
budgeted in long-range plans, thus helping to establish more
realistic total program budgets. The B-52 was initially designed
for anticipated growth, particularly as many of the enabling

technologies such as jet engines were in a relative early stage of
development.
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B.9 CONCLUBIONS

The B-52 program demonstrates that a combination of
enabling technologies can be capitalized on to create a major new
military capability that contributes significantly to implementing
a competition strategy. This program also demonstrates that a
sound design and commitment to product improvements generated
largely by the user can provide weapons or other systems with
extraordinarily long service 1lives. Accelerated development,
prototypes, service testing, and deployment strongly impact the
competitive payoff. Such actions can force the adversary into a
reactive or responsive mode, deflecting his energies from pursuing
force initiatives that are more essential to implementation of his
own strategic goals.

The Department of Defense should utilize the lessons
learned from the B-52 program to ensure that adeguate consideration
is given to the factors that will help ensure a maximum initial
contribution to U.S. goals in the military competition and
continuing impact over a long-term period in planning the
acquisition of new major weapons systems.
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APPEMDIX C

THE TECENOLOGICAL LEVEL
OF SOVIET IMNDUSTRY

Dannis Smallwood
C.1. INTRODUCTION

This appandix contains assessments of the state of Soviat
technology in a number of key industries by British authors who are
experts on the individual industries.’ The assessments are
idetailed and highly technical at many points; the volume has over
1,000 pages. This study appears to be the most thorough attempt
available to evaluate the strengths and weaknesses of Soviet
industrial technology while still attempting to derive general
characterjizations.

Not surprisingly, the collection of assessments de not
support any simple generalizations that are robust acrose different
industries and different levels of analysis (such as research and
developrment, innovation, diffusion, and production). Although R.
W. Davies provides an overview of the volume in chapter 2, even
this lengthy overview fails to portray the wvarieties of
characterizations and lessons apparent in the individual
assessments. The following pages therefore contain, first, the
volume's table of contents, which includes, for most chapters, the
specific questions and areas of technology addressed, and second,
selective synopses of most of the chapters in the volume. The
synopses are constructed primarily from direct quotations in order
to maximize fidelity with the authors' intended conclusions. But
they are also selective, focussing only on those areas that are
most relevant to the U.S.-Soviet military competition, and thus do
not represent summaries of the full content of the volunme.
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Unfortunately the assessments are dated, covering only
the period up to 1973. 1Indeed, Soviet technology appears teo have
made major strides in some military areas in the intervening years.
In genaeral, howaver, glagnost has made clear the sorry state of
Soviet technology and belies even the few notes of optimism found
in the 1973 study. 1In fact, The Technological ILevel of Soviet
Industry and the following summary make clear that the roots of the
current problems of the Soviet economy have been there since the
end of World War II -- the lack incentives for innovation and the
rapid diffusion of technology, the strong dependence of many
sectors of the economy on Western technological innovation, the
organizational and bureaucratic impediments to innovation and
diffusion of technology, and the deplorable state of the
electronics and computer sectors of the civilian economy, with
deleterious impacts its on other sectors.? For this reason, the
following summary of the state of Soviet technology through 1973
contributes to understanding an important historical dimension of
the U.S.-Soviet competition that is relevant to today's goals and
strategies.

Chapter 1 provides background material; its author
examines methodological questions that arise in making
technological comparisons, particularly the issue of whaether
all-inclusive measures are valid. Chapters 3 and 11, on the iron
and steel industry and the on the technological level and quality
of machine tools and passenger cars, respectively, are omitted,
although a brief summary of the conclusions of chapter 3 are
contained in the synopsis of the chapter 2 overview. Relatively
more complete synopses are provided for chapter 4 on machine tools,
chapter 8 on computer technology, chapter 9 on military technology,
and chapter 10 on rocketry.
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C.2 VOLUNE TABLE OF CONTENTE

- , edited by
Ronald Amann, Julian Cooper, and R. W. Davies (New Haven: Yale
University Press, 1977).

Chapter 1. "Some Approaches To The Comparative Assessnent
of Soviet Techneology: Its Level and Rate of Development,® by Ronald
Amann

Aggregated economic assessments of technelogy: general
methodological problems

Some aggregate economic estimates of Soviet technology
and its rate of development: results and limitationa

Disaggregated measures of the level and rate of
technological development: general approaches

Some disaggregated measures of the level of technology
in the USSR

Our approach and its limitations

Chapter 2. "The Technological Level of Soviet Industry:
An Overview," by R. W. Davies

Introduction

Research

Prototypa and first commercial production
Diffusion of new technology

Quality

The "research-production cycle"

The role of foreign technology in Boviet industry

Conclusion

Chapter 3. "Iron and Steel," by Julian Coeper.
Introduction

Ironmaking
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Steelmaking

Continuous caeting of steel

Alloy and quality steel

Rolled metal products

Automation of processes in the iron and steel industry

Conclusion

Chapter 4. "Machine Tools,®* by M. J. Berry and Julian
Cooper. |

Machine tools: stock and production

Soviet imports and exports of metalcutting machine tools
as an indicator of technological level

Numerically controlled (NC) machine tools

The NC machine tool stock

Machining centres

Control systems

Some new paths of development of numerical control
Some aspects of the use of NC machine tools

The problem of technological level

Conclusion

Chapter 5. "High Voltage Electric Power Transmimsion,"
by W. G. Allinson.

Introduction

Power sysatems and their development in the USSR, 1917-mid
1950% ,

Basic features of HVAC and HVDC

Summary and conclusions
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Chapter 6. “"The Chemical Industry: Its Lavel of Modernity

and Technological Sophistication," by Ronald Amann.

Siemaszko.

Sone distinctive featuras of the chemical industry in
industrialised societies

The diffumion of technology
The pattern of ocutput of the Soviet chemical industry

The pattern of Soviet foreign trade iIin chemicals and
chemical plant

Technological development

Patents _
The first commercial production of synthetic materials
The level of research

Outstanding contributions to chemical.acience
Citation of Soviet chemical research

Conclusions

Chapter 7. "Induatrial Process Control,™ by 2. A.

Introduction
Analogue control up to 1970

Equ%pment for the 19708 and 1980s (GSP and "all-reqime"
RP2

Computer control

Critical review of the technology

Chapter 8. "Computer Technology," by Martin Cave
Introduction

Soviet computer systems since 1968

The diffusion of computers

Summary and conclusions
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Chapter 9. "Military Technology,® by David Holloway
Introduction

Medium tanks

Intercontinental ballistic missiles

Soviet and United States ICBM programmes, 1957-75
Assessment of the level of technolagy

Conclusion

Final Conclusions

Chapter 10. "Rocketry: Level of Technology in Launch .
Vehicles and Manned Space Capsules,"™ by Milan Kocourek

Introduction

Comparative history of Soviet rocketry

Soviet space policy

Soviet space technology

Launch vehicle building

Spacecraft building

Conclusions

Chapter 11. "Technological level and Quality of Machine
Tools and Passenger Cars,” by M. J. Berry and M. R. Hill

Introduction

Western and Soviet assessments of the technological level
of Soviet machine tools with special reference to quality

The quality and reliabllity of Soviet general-purposa
machine tools

Passenger cars

Appendix 11A: Assessments of the accuracy of Soviet-made
horizontal knee and column milling machines and centre lathes
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Appendix 11B: Assessment of the accuracy of the major
design elements of the 6M82 milling machine

Appendix 11C: Soviet-built machine tools in use in
Britain ' .

C.3. CHAPTER 2: "THE TECHNOILOGICAL LEVEL OF SOVIET INDUSTRY: AN
OVERVIEW" (R. W. DAVIES)

In this chapter R. W. Davies comments on the the
particular case studies that waere chosen, provides an overview of
their content, and discusses the problems of generalizing about
Soviet technoloqgy.

Davies cjites twoc major objectives: "to improve our
knowledge of the comparative international position of the Soviet
econony" and "to find out the particular respects in which Soviet
technology was advanced or backward as compared with that of
Western countries.™ (p. 35) Rather than trying to characterize
Soviet technology generally, the method used is "to establish,
wherever possible, the Soviet comparative position for each
industry or group of productes at each of the wmain stages of what
is known in the USSR as the '‘research-production cycle'" (p. 36)

The authors attempted to compare the Soviet Union with
five major industrialised countries: the USA, UK, France, FRG, and
Japan. Most comparisons focus on Soviet and U.S. technological

levels, although many comparisons of Soviet and British
technologies are also made.

Davies notes that while "most assessments ... have
concluded that the Soviet contribution to knowledge is 1less
substantial than that of the United States® it is nevertheless true
that "in some important fields ... Soviet research is reported to
be in advance of the West: thus the Soviaet ressarch effort on high
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current electron beams is 'more intensive ... than in the West!',
and has made a ‘'number of significant advances.' In one field
directly relevant to our own project, chemical fibres, several
foreign specialists have praised the quality of Soviet research."
(p. 38) Thus one is limited to the "very general conclusion that
Soviet scilentific research tends to be smaller in quantity (in
terms of equivalent populations) and lower in quality than in the
United States and some other Western countries." (p. 39)

The iron and steel industry is examined in chapter 3,
which is not included among our chapter synopses. We omit it
because, as Davies notes, the industry is "correctly described as
'traditional,' both because it is a long established industry and
bacause the cost of research and development is a relatively small
proportion of total costs." (p. 40)

The iron and steel industry has played a major role in
Soviet industrialization, however, and the findings from chapter
3 are briefly summarized here. Davies notes the long tradition of
native iron and steel research and development in the USSR and the
high priority the industry has always received. "This, then, is
an industry which might be expected to be in the forefront of world
technology.® Indead, "although the Soviet industry has lagged
in scrap production methods, it has remained generally in a leading
position in traditional methods of production® in steelmaking. (p.
40) Davies concludes with the observation that ever since the
18405, the USSR "has baeen generally in a leading position in
scaling-up traditional large-scale iron and steel processes; and
it developed the new processes at approximately the same time as
the United States, West Germany and Japan, though later than the
Austrians.... The Soviet record has been much less impressive in
the other major branchee of steelmaking." (p. 40)
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The machine tool industry, discussed in chapter 4,
"offers a second example of a more traditional industry in which
the introduction of naw technology has baen given high priority by
the Soviet authorities over a 1long periocd.... Sufficient
information has basen available to show a continuing lag behind the
United States and the other major countries, which grew in the
19608 and has been somewhat diminished only in 1971-73.... Soviet
failure to keep up with some recent major developments appears to
have been due primarily to the weakness of the control systems;
this in turn was a result of the backwardness not of the machine
tool industry itself, but of the science-based electronics
industry.” {(p. 41)

"The electric power industry (chapter 5) provides our
third example of a traditional high priority industry in which the
Soviet Union has a long research and production experience.... The
Soviet Union has been notably successful in developing high-voltage
alternating current (HVAC) and moved into a leading position in
world technology in the middle and late 19508.... In two pajor
recent developments the Soviet Union has also on the whole retained
a leading position"™ (high-voltage direct current, and ultra-high-
voltage alternating current). (p. 42)

"In the chemical industry (chapter 6), an intermediate
industry in the sense that it has a high proportion of R and D in
total costs than in the traditional industries, but less than in
the high technolegy industries, a substantial effort has long been
devoted to research, but the industry itself was, according to all
Soviet accounts, relatively neglaected until about 1958: since then
it has been afforded a much higher priority. The evidence
assembled in chapter 6 below about pilot plants and first
commercial production reveals no diminution whatsoever in the lag
behind the more advanced countries in the last 20 years.® {p. 42)
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"The Soviet Union alone in this entire group of countries
has never been the original innovator of a major plastic material
or chemical fibre." (p. 43)

In commenting on chapters 7 and 8 which deal with
industrial process control and computer technology, respectively,
Davies notes that "our findings for the science-based industries
which have been established since the Second World War were
similar® to those for the chemical industry. In general, "the lag
of the USSR has not been reduced since the 19508 in respect of
computer hardware ... though a substantial improvement has occurred
in software, from a previous low level." For industrial process
control instruments, where Davies notes the priority is lower, the
lag is even greater, although: "One original Soviet innovation was
the USEPPA pneumatic system, in 1964 the most advanced pneumatic
system in the world. This provides an interesting example of an
innovation resulting from industrial demand in circumstances of
technical backwardness.... The continuing lag in both computers and
control instruments is in turn largely due to the backwardness of
the Soviet electronics industry." (p. 45)

Military technology and rocketry (chapters 9 and 10).
As examples of high technology industries =-- those in which
research and development amounts to 10 percent or more of the total
cost of production —- on which the USSR places very high priority,
the authors choose space rockets and ballistic missiles. In the
case of space rockets, "thrust power has (with some cualifications)
been taken as an indicator of the technological level of the launch
vehicle. The USSR was clearly in the lead from the launching of
Vostok in 1957, followed by Proton, until 1967 when the United
States launched Saturn V.... Lead has given way to lag. In manned
spacecraft, too, the Soviet Union has lost the leading position
which it temporarily obtained in 1961." (p. 45)
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Noting that Soviet weapons development is an ultra-high-
priority area and that it is commonly assumed that the Soviaet Union
has been uniformly successful by international standards in the
axperimental development of weapone, While being less successful
in technology which is not directly military, Davies observes that
interestingly "the studies undertaken in chapter % below have, with
some exceptions, unexpectedly revealaed a pattern not dissimilar to
that in civilian industry." (p. 46) '

Regarding tanks, it appears that Soviet tank technology
"lost its wartime lead by 1950, regained it between 1950 and 1960,
and then 'between 1960 and 1970 lost 1its marked superiority to a
new generation of Western tanks.'" (p. 46)

"The position was in some respects similar in the case
of Intercontinental Ballistic Missiles. In the 19508 several
striking examples occurred of Soviet 'firsts'.... In the 1960s,
however, on available evidence the Soviet rate of innovation lagged
behind that of the United States.... The Soviet lag has ... been
compensated by the massive use of simpler technologies."™ {p. 47)

Similar patterns have been observed in other studies, as
in a RAND Corporation analysis of twenty-eight Soviet turbine
engines, which concluded "that after a period, up to about 1955,
in which Soviet engines were on the whole technically more advanced
(though with a shorter endurance) than those of the United States,
American engines have been consistently superior to those of the

USSR, and that the gap gradually widened between 1955 and 1971, the
concluding date of the analysis." (p. 47)

On the other hand, the situation in nava)l warfare

"appears to vary considerably from technology to technology." (p.
47)
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Overall, Davies concludes that "the comparative level of
Soviet experimental development and innovation thus wvaries
considerably between the different technologies we have studied.”
Davies maintains that in the traditional industries, the Soviet
Union generally occupied a leading position by the middle 1550=s
"and that position has on the whole not been lost in the 20 years
covered by our study." But in the science-based industries,
including both the long-established such as chemicale and the newly
established, "the considerable Soviet lag in the middle 1950s ...
has not been reduced in the past 20 years: in the chemical and
control instruments industries it may even have increased. There
is also some evidence of a relative decline in the Soviet
technological 1level in high priority high technologies: for
instance, in launch vehicles, spacecraft and even certain weapons,
such as military turbine engines." (p. 47)

Turning to questions of the diffusion of new technology,
Davies discusses Boretsky's study of comparative changes in Soviet
and U.S. technologies for the years 1940-1962. Although citing a
conclusion that Boretsky's assessments were generally unsuccessful,
Davies states that "a number of his individual indicators ...
provide very usaful pointers to comparative changes," and generally
accepta "Boretsky's general conclusion” that "'the rate of
technological change' was faster in the United States than in the
USSR Auring this peried." (p. 48)

The Soviet post-war reconstruction -- during which the
devastated Soviet economy grew at rates comparable to that of the
United States ~- was based "to a considerable extent on pre-war
technology." Davies notes this "“dichotomy between technological
development and industrial growth when considered in relation to
the United States." But starting in the middle 1950, "in terms of
Boretsky-type indicators we begin to enter a new era. In the last
seven years of Boretsky's study, 1955-62 ... a definite if small
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improvement took place.... We have extended our calculation of
Boretsky-type indicators to 1973, and ... the relatively more rapid
Soviet technological advance on the whole continued." (p. 48)

These indicatorz of technological change are measures
such as the rate of growth of:

e Consumption of electric power par production worker

e Maximum capacity of steam turbines for electricity
production

e Length of HVAC transmission lines (over 400 kV)

® Proportion of aluminum and magnesium in total basic
metal consumption

® Percentage of steel output by electric arc or oxygen
process

® Percentage of metalforming machine tools in total
stock of metal working machine tools :

e Output of NC machine tools
e Output of synthetic resins and plastics
e Output of chemical fibers

e Number of telephones in the economy

*These relative improvements in technology coincided with
'a decline in the rate of growth of Soviet industrial production....
In general it might be argued on this basis that the relative
growth rate has produced a certain convergence in the economic
behavior of the Soviet Union and other countries. Notable
exceptions are Japan, which has outpaced the Soviet Union and all

other countries ... and the United Kingdom, which has lagged
badly.” (p. 52)
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“In spite of this ‘'convergence,' the Soviet pattern of
diffusion of new products and processes is substantially different
from that in the industrial capitalist countries.... This reflects
a more conservative pattern of industrial production in the Soviet
Union." (p. 52)

"A similar pattern has appeared within each of the
industries we have studied.... While there are some exceptions,...
this slower pattern of diffusion is characteristic of the chemical
industry generally.... A similar pattern with some variations
appears in some of the sub-branches of industry examined in this
volume.... Certain exceptions may be found to the general
conservative pattern. The production of numerically controlled
machine tools, which lagged behind that of other industrialized
nations in the 19608, has risen extremely rapidly since 1970." (p.
54)

"Space rockets are also in part an exception to the
genaral rule.... In the pattern of distribution of launches between
rockets of different generations and thrust powers, the normal
differencea in diffusion of new technology between the United
States and Soviet Union are not quite so marked.... The Soviet
pattern was more conservative than that of the United States....
The conservative pattern of production also predominates in the
examples of weapons production studied ... below.™ (p. 57)

"1t may safely be concluded that the rate of diffusion
of new products and processes in terms of their share in total
output is lower in the USSR than in the other industrialized
countries. This is evidently partly because existing production
capacity is withdrawn from use much more slowly than in the
West.... This low rate of capital retirement in Soviet industry
generally might be econcmically defensible in certain cases in view
of the continued availlability throughout this period of adequate
supplies of fresh labour.... But technological conssarvatism may
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often be a result of the economic mechanism, which provides little
encouragement to the diffusion of new technology." (p. 58)

"Western studies of Soviet technolegical development ...,
have commonly assumed that research is more advanced than
experimental development, that development is more advanced than
innovation, and that the Soviet econcmy is least advanced in the
diffusion of new technology.... Our studies of the traditional
industries, including high priority civilian industries, have on
the whole confirmed this generally accepted stereotype." (p. 59)

"In the traditional industries the diffusion of new
technology in the Soviet Union iz slower than experimental
development and innovation, in comparison with major capitalist
countries. In the science-based industries, the situation is more
varied, but in some important cases, such as nuclear power,
diffusion has certainly been slow.... Evidently the transition from
experimental to genuine full-scale production (i.e., from
development to innovation) may often be as difficult for the Soviet
economy as the transition from innovation to diffusion." (p.61)

*In some cases ... the lower technologica.il level appeared
to be due to insufficiently flexible attention to alternative or
more racent processes at the R and D stagesa.... In iron and steel,
as in many other major industries, research and development are

. concentrated into national units under ministerial control, a
common technological policy is enforced at a national level, and
complaints are frequently found that experimentation is restricted

by the monopoly position of the major R and D organizations."
(p.62)

"A further conclusion of several of our studies has been
that at all stages of the research-production cycle Soviet industry
display a particular aptitude for improving and scaling up existing
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processes, rather than for bringing basically new processes and
products into full-scale production.... A RAND study of aircrart
design procedures ... commends the efficiency of these and related
Soviet R and D arrangements, which enable more aircraft to be taken
to the test and production stages than in the United States, with
smaller teams of designers. Whether or not the economical
conservatism of the Soviet approach should be preferred to the
expensive innovationary dynamism of the United States must remain
an open question. The RAND study agrees that the propulsion and
avionics systems in Soviet aircraft are inferior to those of the
United states; and our chapter on the Soviet space programme
similarly concluded that the Soviet pattern of innovation and
philosophy of design were responsible for the loss of tempo and of
technological lead in relation to the United states.... It is
interesting to note that an 'add-on' approach is seen by saveral
studies to be a characteristic of Soviet technological development
as distinct from the 'jumpiness’ of the United States development."

(p. 63)

"In the case of computers, Richard Judy concluded in the
late 19608 that: ’'technolegy in the Soviet Union is virtually
entirely imported from the West'.... According to Judy virtually
all innovations have first occurred in the West and been
transferred to the USSR either through examination of the Western
technical 1literature or through importing foreign computers.™

(p.65)

"The chemical industry is the outstanding example of
Soviet dependence on foreign technology.... Plant for all the major
plastics and synthetic fibers has been imported, largely from
Western countries." (p. 65)

"Soviet reliance on foreign technology has on the whole
tended to increase in the course of the past 20 years." (p. 65)
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"In most of the technolegles we have studied there is
not evidence of a substantial diminution of the technological gap
between the USSR and the West in the past 15-20 years, elther at
the prototype/commercial application stages or in the diffusion of
advanced technology.... There is some evidence that the position
has improved in the past four or five years in certain respects:
NC machine tools provide an important recent example of rapid
diffusion, and guality of production in a number ofindustries has
recently begun to improve. Finally, the recent depreasion in
capitalist countries may well be inhibiting diffusion of new
technology in the West and thus providing the Soviet Union with a
better opportunity to catch up.™ (p. 66)

C.4 CHAPTER 4. "NACHINE TOOLS" (M. J. Berry and Julian
Coopar)

In comparing the Soviet and American stocks of machine
tools, Berry and Cooper note the striking fact that "the Soviet
Union has over one million more metalcutting machines than the
United States overall, and in the case of those under 10 yvears old
has almost 1,300,000 more, or two and a half times as many.”
Furthermore, "the American stock is likely to include a significant
proportion of machine tools smaller and simpler in design than
those in the Soviet stock." (p. 13%)

Yet even with its huge stock of machine tools, “the bulk
of the substantial and increasing production of machine tools goes
to increase the size of the stock®™ and “demand far exceeds supply"
in the Soviet Union. The discrepancy with the United States is
attributed to "the low general level of utilisation.™ (p. 143).

Barry and Cooper note that in the Soviet Union, "“demand
is high for 'non-progressive' universal machinas with a wide range
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of speeds, feeds, etc., which can be used for a variety of
tasks.... 'Progressive' demand is represented by those factories
and industries which want advanced machine tools -- ¢he ballbearing
industry and the motor industry are two good examples. These
machines are less popular with the machine tool industry and where
possible it often tends to try to avoid producing them." (p. 144)

Apparently the central authorities, operating through
Gosplan, attempt to counter "the technological conservatism of
industry™ and impose their own policy regarding the composition of
the machine tool stock, "largely guided, it would seem, by the
experience of capitalist countries." (p. 144)

But attempts to modernize are difficult: "pPalterovich
cites unsuccessful attempts to change the technological structure
of machine tool output by a sharp reduction in the number of lathes
produced and an jincrease in the number o©of grinding and boring
machines. The change in output failed to alter the demand
structure: a shortage of lathes resulted, while there was no
increase in demand for the more progressive machines.” (p. 145)
Some writers arque that "the size and shape of the machine tool
stock are essentially a symptom of the technolegical level of
industry as a whole, rather than a cause. Thus, in the Soviet
context, because of low quality casings it would probably be unwise
to reduce the output of equipment used for machining these and
increase the proportion of finishing machines." (p. 145)

Berry and Cooper note that the machine tool industries
of Western countries have tended to specialize to some degrea, but
"in the case of tha Soviet Union the situation is rather differant,
since self-sufficiency was from the beginning a major element of
Soviet policy." But "from the mid-195038 ... Soviet imports of
machine tools began to expand.... Soviet purchases in the West have
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increased dramatically in value terms and in 1973 accounted for
almost 50 percent of imports (by value)." (p. 147)

Correspondingly, "the Soviet Union has a long way to go
before establishing itself as a major sellar of sophisticated
machine tools, although it has had some success with its universal
machines. Surprisingly, it has failed to emerge as a major
supplier to the dsvaloping countries.” (p. 159)

Berry and Cooper examine at length the adoption of
nunerical control, which permits small and medium batch production
to be automated. Numerical control of machine tools requires
interaction betwasn mnachine tool makers and the electronics
industry, and Soviet lags in electronics appear to have critically
slowed their adoption of numerical control.

While the U.S. Air Force, seaXing methods of machining
intricate aircraft components, initiated research on numerical
control in 1947, "the Soviet Union was relatively wall advanced in
the initial stages of development of NC. The technical level of
its NC machines was certainly well below the level attained in the
USA by 1958, however,™ and "during the mid-1960s, progress in the
UESR was relatively slow compared with other leading machine tool
building countries and official concern was evident by 1968 when

the governmmaent intervened to accelarate the rate of development.™
(p- 163)

Whereas "in capitalist countries a very prominent role
in the development of NC has been played by the electronics
industry itself ... in the USSR, at least in the early years, the
situation appears to have been much less satisfactory; poor
cooperation betwaen control systems production and the machine tool
industry was freguently reported." {p. 164)
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Berry and Cooper argue that "the relative backwardness
of the Soviet electrenice indugtry itself, in particular those
sectors concerned with computing technology" slowed progress in NC,
but also that in the late 19508 and early 1960s, a "campaign ...
for highly adaptable unit-construction machine tools® which would
allow automation using traditional methods, reduced pressures for
the spread of NC. {pp. 164-5)

"A major turning point in the development of NC machine
tools in the Soviet Union was a government decisjion of April 1968.
This called on the Ministry of the Machine Tool and Tooling
Industry and the Ministry of the Aviation Industry to try to
significantly increase the output of NC machine tools in the years
1969~70.... During these years the foundation for future growth
were laid, and the subsequent increase in the output of NC machines
is impressive.... In terms of units built per year the Soviet Union
now occupies first place in the world, having ovaertaken the USA in
1971. (pp. 167-68)

PSince 1968 the policy of the Soviet industry has been
more outward-looking. Cooperation agreements have been entered
into with French, German and Japanese firms in the field of control
systems." (p. 170)

While in 1970 the Soviet NC machine stock was one tenth
that of the USA, and alsco smaller than those of the United Kingdom,
Japan, and West Germany "estimates suggest that the Soviet stock
is now over twice those of Japan, West Germany, and Britain." (p.
176)

*In view of the role of the aviation industry Iin the
production of NC machine tools in the Soviat Union, it seems highly
probably that the aerospace sactor possesses a large proportion of
the total NC stock." (p. 177)
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"Even since the 1968 decision there is evidence that in
the Soviet Union the development of control systems has not kept
pace with the demands of the machine tool industry and that in the
creation of new systems there has been inadequate coordination
betwaen systems builders and machine tool builders.... The
multiplicity of organisations in NC development in the USSR in the
early years, the inadequate control from the centre and the policy
of independent design work in isolation from foreign practice, all
resulted in a proliferation of programming media and coding
systems.... Efforts are now being made to achieve compatibility
with Western systems.... In developing NC control systems, the
Soviat Union has designed and buillt its own systems rather than
regsorting to the use of existing designs. In recent years,
however, thare has been an increased willingness to cooperate with
foreign control systems firms and agreements have been reached
between Soviet industry and firms in a number of countries." (p.
184)

"There are two types of control systems, point-to-point
(or positioning) and contouring. The more complex contouring
systens are used for the control of milling, turning, or grinding
operations.... Soviet technical policy has been one of giving
priority to the relatively more complex contouring systems, but at
the same time emphasis has been placed on a simpler form of this

.type of control, 1less complex from the point of view of

electronics, and suitable for use with batch produced general-
purpose basic models. It is therefore probable that the average
level of accuracy of Soviet NC machine tools is somewhat lower than
that typical for British or American machines." (p. 186)

"The programming of NC machine tools is a difficult and
time-consuming operation.... on average it takes about 30 hours to
prepare the input tape for cne-hour's machining.... Computerised
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programming for NC requires suitable programming languages and
considerable research has been undertaken in the West.... The USSR
appears to be more backward in this area.® (p. 188)

"In the future machine tools will be looked at as the
output elements for computers.... CNC (computerised numerical
control) originated in the United States in the late 1960s and was
quickly taken up by the Japanese industry.... In the Soviet Union
CNC appears to be still at the experimental stage, but suitable
small computers for use with machine tools are now in
production.... It seems unlikely that CNC will be widely adopted
until the production of mini-computers has been mastered on an
industrial scale and at a cost competitive with that of
conventional control systems.... CNC is a possible future area of
CMEA (Comecon) collaboration.™ (p. 190)

"Some Soviet writers consider that the high prices of NC
machines compared with the basic machines they replace hinder their
diffusion.... Given their high initial price, the organisation of
multi-shift work for NC machines is particularly important. 1In
the USA sghift work for NC machines is widespread.... In the USSR
degirability of multi-shift operation is acknowledged, but it is
frequently not achieved; about 80 per cent of NC machines in the
USSR are used only in a single shift. A major reason for this poor
utilisation is the lack of sufficient trained NC machine operators
and specialists. According to Miroshnikov the provision of
training for NC personnel is inadequate." (p. 193)

"In examining the development of NC machine tools in a
number of countries, one is struck by the existence of distinct
paths of technical development, shaped both by social and economic
circumstances, and by more directly technical factors. Thus in the
United States and Britain the initial development of NC was
promoted by the need to satisfy certain aspecific requirements of
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production for military purposes.... In Japan a very different path
has been followad, with the building of NC machines for the general
engineering user.... The Soviet path of development appears to have
combined elements of both the US-British and the Japanese
approaches. An advanced sector has developed c¢omplex, high
precision machines to meet the needs of the aviation industry and
other high priority users, but at the same time a major emphasis
has baen placed on the batch production of simpler, general-purpose
models.... It is not possible to make meaningful assessments of the
"level! of different countries in terms of the path of development
followed.... In the case of the USSR in the early years the bias
towards relative technical simplicity may have been due to the
limitations of the elaectronics industry." {(p. 194)

"Oour evidence strongly suggests that until recently [the
control system) has been the major weakness of Soviet NC
technology.... Soviet induatry was slow compared with other
countries in making the transition from valves to semi-conductors,
and from the latter to integrated circuits.... The fact that the
Soviet industry has found it necessary to conclude a number of
agreements with Western firms indicates the exigtence of a lag
which the industry is anxious to overcome.... The well attested
unsuitability of some systems for use under industrial conditions
and the complaints of poor reliability point to design and
construction weaknesses. Problems are now baing overcome.... The
Soviet industry was rather slow compared with the USA and Japan in
developing third-generation computers for CNC and DKC. While such
equipment is now in production, its cost is probably high and the
volume of production inadegquate. Nevertheless, the Soviet industry

is undertaking interesting work in the creation of automated
machining systems." (p. 197)

"During the 1960s at least, Soviet industry was evidently
not very successful in handling the organisational problems
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associated with NC machine tools, in particular those of securing
skilled workers and specialists and ensuring multi-shift use of
the machines.... Today the machine tool industry itself appears to
be playing a much more active role in promoting effective use of
NC machines throughout industry and with the wider availability of
NC equipment it is probable that utilisation is in fact gradually
improving. The programming of NC machines also appears to have
been backward. The reliance on manual programming methods
indicates shortcomings in computer utilisation; these are now being
overcome with the development of computing centres with
time-sharing capability." (p. 198)

Barry and Cooper summarize their conclusions as follows:
"In the initial period when control systems were based on an
established radio-electronic technology, Soviet performance
compared quite well with that of Germany and Japan, but lagged
behind Britain and also, to quite a considerable degree, behind the
USA, the pioneer of NC technology. During the 1960s the rate of
diffusion and the technology lagged behind the achievements of the
other main NC producing countries and the Soviet industry generally
fell behind. This lag appears to have been associated with
problems of developing suitable control systems, based at first on
semi-conductor technology and later on integrated circuits. This
widening gap gave rise to official concern and prompted government
measures in 1968B. Since 1968 intensive activity has subatantially
changed the situation. In terms of diffusjion the Soviet industry
has overtaken the other main producing countries, although this
achievement was facilitated by a downturn in the rate of growth of
output in capitalist countries.... The general state of the Soviet
computer industry has imposed some constraints on progress in this
field, but suitable computers have now been created and with
intensified CMEA cooperation, in particular with the GDR, it aeems
lixely that the Soviet machine tool industry will not only keep
abreast of developments, but may move ahead in such areas as the
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creation of large automated production systems. This case study
indicates that in the conditions of the Soviet economy
tachnological lags can be very quickly narrowed and overcome once
their existence has been acknowlaedged and priority granted to their
elimination.™ (p. 198}

C.5. CHAPTER S: “HIGH VOLTAGE ELECTRIC POWER TRAMSMISSION" (W. G.
ALLINSON)

Allinson notes that while the USSR had been a
technological follower in high voltage (HV) power transmission
before the fifties, by the early sixties it ranked "roughly equal
with ... the leading countries.™ Allinson attributes this progress
to "geographical and economic conditions prevalent in the USSR as
compared with some other countries." But this progress has slowed;
by the later 1960s, the USSR has "tended to be overtaken in certain
respects by some Western countries.” (p. 199)

The technological leader in this area has not been the
United States, but Sweden: "By 1959, the diffusion of higher
voltages in Soviet power systems was measurably greater than in
American systems. Furthermore, the USSR was in secbnd place, "both
as regards the diffusion of higher voltages, and a8 regards the
balance between network lengths at HV and station capacity."
Regarding innovation in HVAC, the Soviet Union alsc emerged as a
leader by the sixties and was the first to introduce 500 kV: "The
‘1little available evidence would seem to indicate that the USSR was
largely self-sufficient in its development of the egquipment for
both 400 and 500 kV.... It must be presumed that the USSR was able
to manufacture the necessary equipment of its own accord. This
conclusion is strengthened by the Soviet Union's own insistence
that it had the facilities to do this.* (pp. 222-23)

Sweden and the USSR also emerged as leaders in the field
of HVDC: “In the Soviet Union its introduction stemmed from a need
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to gain experience with a view to its possible application in
helping to solve energy and population distribution problems....
In the area of convertor equipment development, essential to BVDC,
what evidence there is indicates that the USSR was able to develop
the necessary HVDC equipment of its own accord." (p. 223) Allinson
summarizes: "Thus, the USSR moved by 1960 from a position in which
it was a follower of technological trends in the HV field to one
in which it ranks among the leaders, both in AC and DC fields.
This is not surprising to the extent that HV technology is one area
in which a country's performance as an innovator is to a large
degree a function of its geographical and economic problems. Given
the Soviet goal of, and effort put into, electrification, and given
the country's size and energy distribution problems, the pressure
wag greater than in most countries to adopt higher HVAC voltages
and to move to HVDC. In the 19608, however, the Soviet Union has
in several respacts lost its leading position in the development
and diffusion of HV technology." (p. 224)

C.6., CHAPTER 6: "“THE CHEMICAL INDUSTRY: ITS LEVEL OF MODERNITY
AND TECHNOLOGICAL BOPHISTICATION" (RONALD ANANN)

Amann argques that the chemical industry is a particularly
interesting case study because its "economic and organisational
characteristics” are "fundamentally different from those of
manufacturing industry as a whole and constituted the hallmark of
a high technology sector. The chemical industry is extremely
heterogeneous in its range of products and technologies, it is
capital intensive and wages form a relatively low proportion of
running costs, white-collar workers are a relatively large
component in total employment, the industry is research intensive
(in terms of R and D manpowar and expenditures), its product
assortment is subject to rapid renewal and the rate of growth of
the chemical industry tends to outstrip the overall rate of
industrial growth." (p. 239)
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Bacause of these factors, Amann asserts that the chamical
industry is of central importance in the economies of advanced
countries, and that "the Soviet chemical industry follows this
general pattern fairly closely, though less emphatically in terms
of some indices than others.... It would be difficult to form any
general impression about the technological level of a nation which
purported to be highly developed, without taking the contribution
of the chemical industry into consideration.... How Soviet chemical
technoloqgy stands in relation to that of these other countries is
an important element in the broader study of innovation.® (p. 239)

"In the years following the Second World War the USSR
has emerged as a major producer of chemicals and chemical products
and it now possesses the second largest chemical industry in the
world.... The growth profile of the Soviet chemical industry during
the 19608 raesembles that of chemical industries in Western
countries.... In absolute terms the Soviet Union has made rapid
progress in the more traditional sectors of the chemical industry
but its performance in the more sophisticated sectors has been less
impressive. A rough impression of the overall level of
sophistication in various countries ... does suggaest ... how far
the Japanese and West Germans have depended on the most advanced
areas of chemical technology for the course of thejir development
during the 1960s and the extent to which the Soviet chemical

industry is still rooted in traditional technologies despite its
. large overall size." (p. 257)

Amann asserts not only that the USSR lagged behind
Western chemical technology, applying the criteria used earlier in
the paper, but that "its chemical industry is situated at a wholly
different stage of development.... The output profile of the Soviet
chemical industry as a whole is slanted towards relatively simple
technologles.... Large quantities of uncomplicated end-products,
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such as fertilisers, are produced in the USSR. The Soviet Union
also produces large quantities of basic organic and inorganic
chemicals (particularly the latter), but the quality, range and
gquantity of these is not sufficient to prevent large imports of
basic chamical reagents, in addition to more sophisticated products
such as plastics and manmade fabrics. The pattern of trade is
gquite unlike that of the meost advanced Western countries, which
are all net exporters of chemical products, aspecially of those
requiring complex technological processes. In the key seactors of
organic chemicals and macromolecular compounds, the Soviet level
of significant inventive activity appears to be far lower than that
of Western countries. Moreover, the USSR tends to lag behind these
countries in bringing important synthetic materials to commercial
production and, in some cases, Western assistance has been decisive
in bringing this production about. However, irrespective of
whether these achievements could be credited to the USSR or not,
the typical pattern has been for initial production to be followed
by substantial purchases of process plant from Western countries.
Indeed, during the 1960s, the Soviat Union has supplied only about
two thirds of its own process plant for the chemical industry as
a whole.” (p. 297)

Amann also comments on the quality of Soviet research and
development, and concludes <that "compared with mnost Western
countries, the Soviet research effort and total output of
scientific papers are probably considerable, but the overall
quality 1s such that It does not appear to have made a
proportionate impact on world science. Also, the Soviet research
effort does not seem to have generated any really important and
original innovations, which could be successfully scaled up to mass
production. Thus, there is a consistent pattern of backwardness
highlighted by all the criteria adopted in this study." {(p. 297-98)
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C.7 CHAPTER 7. W"INDUSTRIAL PROCESS CONTROL™ (3. A. Slemaszko)

While the control and instrumentation industry =might
appear insignificant as a fraction of the Soviet national economy,
its actual significance is rascognized. Brezhnev declared at the
XXIV Party Congress that instrumentation and electronics together
formed the basis for development by other industries. Siemaszko
notes that "control is alsoc closely related to management and
cybernetics'uhich are playing a vital role in the current attempt
to modernise Soviet economic organisation.... As is appropriate
for a leading industry, the control and instrumentation industry
has always held a high, 1f not the highest, position in the main
success indicators: growth of cutput, plan fulfilment and growth
of labour productivity.™ (p. 328)

Siemaszko peoints out that even though the advanced
economies had already turned away from pneumatic control systems
in favor of electronics, in 1959-1960 "the Soviet Union embarked
on a large project for a novel pneumatic control system which
became known as USEPPA.... Professor Rosenbrock commented:

'"The effort baing devoted in the USSR to the theoretical
and experimental investigation of pneumatic elements was
surprising. It was taken by some to indicate that
Russian solid-state electronic devices are not yet freely
avajilable (or perhaps not yet very reliable).'’

Indeed, it is hard to find any other raigon d'etre for USEPPA,
except that it was meant as a second-best alternative, enforced by
the non-availability of semiconductors." (p. 347-48)

Even though the USSR has a planned economy, Siemaszko
notes that it has "five major systems {two electronic, one mixed

and two pneumatic) and at least mix minor ones ... in current
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preduction® which, he asserts, "reflacts the well-known Soviet
tendency to dissipate resources. If there was a market economy 1n
the USSR, quite probably the number of control equipment systems
would have been no higher. Moreover all the equipment in currant
production ie of old design, and no new system has been launched
since 1964. None of the electronic systems in current production
is fully transistorised. Equipment used for the power industry
(the largest user) is particularly antiquated.®™ (p. 350-51)

Siemaszko concludes that the situation in 1970 was most
unsatisfactory from the Soviet point of view, in that:

"l. The control and instrumentation industry failed to
adjust itself to the transistor age, and has been
unable to reap the full benefit from the revolutionary
technelogical breakthrough.

2. The State System of Instruments (GSP), which 10 years
earlier carried high hopes of ending the technical
backwardness, proved a failure.

3. No new system had been launched since 1964.

4. The largest user -- the power industry -- remained
firmly 'hooked' to an obsolete range of egquipment,
belonging to the 1950s.

5. Most control systems in production (pneumatic and
electronic without a unified signal) were incompatible
with computer management and therafore could not be
incorporated into ASU [automated management systems]
schemes." (pp. 351-52)

Although Soviet reviews and statistics at the beginning
of the 19708 depicted satisfaction and confidence, Siemaszko
believes that "the reallisation of the true situation must have besen
there, because positive measures ware taken to remedy it, by
launching a far-reaching plan for the development of a new stage
of the State Systam of Instruments, subsequently referred to in the
present work as GSP3.... Unfortunately it appears ... that this
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plan for radical innovation has been upset by the power industry
opting out of it, to smsek a slowver road to modernisation." (p. 352)

Siemagzko argues that this program was wall conceived,
and correctly identified *the areas where innovation is of
paranount importance.... A speaady assimilation of all these
principles in production, coupled with phasing-out the obsolete
systems, could have wiped out the traditional lag of the Soviet
control and instrumentation industry." (p. 353)

The refusal by the power industry, the largest user of
process control equipment in the USSR, to participate in the
program seriously undermined it. Its refusal may have been because
the industry "“achieved complete standardisation in the range of
control equipment known as VII or MZTA, which is largely a product
of the immediate post-war years, and therefore highly obsolete.
There has been evident unwillingness to depart from this splendid
position of complete standardisation. All innovation was
effactively blocked" (p. 357)

"The first digital computing devices entered industrial
service in about 1960 as processors and loggers of data mainly for
continuous process, particularly in the chemical industry. This
development was .parallel to the West, but while in the West the
data logger quickly disappeared as a separate 'breed' (except for

,a few small machines) ... in the Soviet Union it still survives....
Such a computer cannot really be regarded as a technological asset,
since it is incompatible with nearly all other digital
equipment.... On the whole, therefore, there was disillusionment
with the application of computers to the direct control of

industrial processes, and cybernetics pointed the way to ASU." (p.
359-62)
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Siemaszko cites case studies comparing Soviet and British
systems which illustrate that on selected projects the Soviet Union
can achieve comparable rates of development and assimilation. But
Siemaszko still concludes that "the general rate i close to that
of the GSP, l.e., slower than the UK by a factor of approximately
2.5." (pp. 364-~65) Furthermore "the UK lags behind West Germany and
USA in the control and instrumentation industry, although the lag
is not very pronounced. This means, however, that in general the
Soviet lag with respect to these two countries is greater than with
respect to the UK." (p. 366)

Siemaszko proceeds to examine Soviet lags with respect
to the U.K. Concerning analog control in then current production,
Siemaszko states: "Despite continuous exhortations for at least two
decades, the overall level of automation in process control in the
USSR appears to be gquite low, at least in the power industry....
That the level of automation in general in the USSR is hardly
rising at all, is shown by the fact that the percentage of workers
engaged on non-automated manual operations decreases only very
slowly, and the absolute numbers of such workers actually
increase.”™ (p. 366)

Continuing to compare the USSR with the UK, Siemaszko's
primary conclusions include:

"slow Innovation. In control systems innovation is
extremely slow, almost nonexistent.®

"standardization. Apart from the power industry, the
Soviet level of standardisation is extremely low, and
far too many mutually incompatible, obsolescent and
downright antiquated systems are in production.”

(p. 368)

"Reliabjility. The current Soviet standard calls for
a mean time betwean fajluras (MTBF) of six years per
"instrument'.... In British practice an MTRF of 50
years is quite normal." (p. 368)
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»Environmental conditions. Soviat instrumentz are
designed to meet less stringent environmental
conditions." (p. 368)

mamplifving elemepts. In the Soviet equipment,
thermionic valves and magnetic amplifiers are still
in full use; thare are some transistors, but no fully
transistorised system; as far as it is known, there
are no Iintegrated circuits in use in any of the
standard production equipment.® (p. 369)

'_: B B 11E o) RO L AL L INOIS LT L ED » The
Soviet Union still relies mainly on explosion-proof
enclosures and purging; there are very few
intrinsically-safe desligns. (p. 369-70)

Siemaszko summarizes by concluding that "there is very
little that the British contrel and instrumentation industry could
learn from the Soviet side." While the Soviets led the United
Kingdom in a few minor aspects, "it must therefore be concluded
that in this industry Soviet lags far exceed the leads.... The
members of Study Group 5 were probably correct in 1970, when thay
assessed that in analogue equipment the Soviet Union lagged behind
the UK by some 10 years. Similarly a well informed article in the
Economist assessed that Soviet computers were 10 to 15 years behind
in quality and design.... There is no indication that the gap has
been diminishing since the early 1950s; on the contrary, it may
well be increasing.... It would appear that in approximately

two—and-a-half decades the Soviet lag increased by 13 years." (pp.
371-72)

C.8. CHAPTER 8: "COMPUTER TECHNOLOGY" (MARTIN CAVE)

Cave's comparisons concentrate largely on the performance
of the central processing unit, taking as a measure the maximun
number of operations per second of which a computer is capable. But
Cave admits that "unfortunately, this measure does not have the
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satisfying properties of objectivity or even of accuracy that it
may appear to have." (p. 379)

Cave notes that "it can be argued that the USSR and
Western countries are in two different stages in the development
of computer systems. In the USSR, hardware is still of primary
importance, while in Western countries customers' software needs
largely determine the shape of the hardware in a system.™ (p. 381)

In the Soviet Union "the most important series of third
generation computers, known varjiously as the Edinaya Sistema
(Unified System) or Ryad series, is the result of a programme of
cooperation within CMEA (Council of Mutual Economic Assistance).... -
One of the objectives of the scheme has been to increase the level
of speclalisation of the member countries in computer
production.... While there is specialisation between models, there
is 1ittle within the peripheral equipment of each model taken
separately.® (p. 385) Cave asserts that "the Edinaya Systema series
is one of those cases, discussed in the last part of this chapter,
where the range is very similar to an earlier American range, in
this case the IBM 360 series, which first appeared in 1965.... The
ES series has come in for some harah criticism. Some of this
concerns shortage of peribhernls and the software lag, but Zhimerin
.+. noted early in 1974 that the core storage of the ES series was
inadequate, and must at a minimum be doubled, or even trebled or
quadrupled.” (p. 386)

Discussing peripherals, Cave states that "since 1968 the
main development in this field has been the appearance of disc
gtorage units.... A disc unit was first displayed in 1970, seven
years after the announcement of the IBM 1302 disc unit.™ (p. 386)

Cave cites a RAND study which argues that time-sharing
would be particularly advantageous in Soviet conditions, since the
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small computer centers in the USSR are "notorious for their
primjtive methods and inefficient use of machines." Time-sharing
appeared in the United States in the early sixties, but had not
appeared in the USSR at the time that Cave wrote. Cave argues by
winverting the arqument of this chapter, that it is comsistent with
the lag between Soviet and American technology for a similar
dissemination to take place in the USSR over the next few years."
{p. 388)

Cave asserts that “software has always baen cone of the
major weaknesses of Soviet computer development.... In spite of
planning and coordination, the ES series has fallen victim to the
sane delays and shortcomings in software which have diminished the
operational efficiency of wvirtually all other Soviet conmputers."
(pp. 388-90)

A major question is the extent of diffusion of computers
in the USSR. According toc Cave, "Information on the size of the
Soviet computer stock is scanty.... There may be some ambiguity in
the definition of a computer; for example, how large does a machine
have to be to qualify as a computer? It is also important to
distinguish between estimates of the total stock of computers and
the stock in civilian uses only.... According to Soviet Cyhbernetics
Review, the generally accepted Western estimate of the size of the
Soviet computer stock in 1970 is 5,000~6,000" (compared to 70,000
in the USA). "“However, these figures tell only part of the story,
for they count each computer as one unit and ignore the enormous
disparity in computing power between different models of
computers.... In 1974 93 per cent of computers in the Ukraine were
second generation models, and of the remainder, the majority were
probably first generation. In the USA a second generation computer
had become a rarity. The Soviet lag was compounded by two factors.
Output has grown at a slower pace in the USSR than in the USA, so
that, even with the same lifespan of a computer, the Soviet Union
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would hava a higher proportion of machines of earlier years.
Second, the comparative scarcity of computers in the USSR has meant
that they have been kept in service longer than elsewhere.” (p.
391-95)

Given the relative scarcity of computarz in the Soviet
Union, one might expect that they would be intensively utilized.
But Cave notes that rates of utilization are actually low, and that
"when asked by Pravda to explain the low rate of utilization,
Zhimerin mentioned several factors, including the inadecuacy of
software and peripherals and the lack of preparedness of
enterprises receiving computers. Another factor to which Zhimerin
has drawn attention is the lack of a centralised system for
servicing and repair of computers.... The rate of computer
utilization reported in 1972 was 10.3 hours per day (only 5.7 for
the Minsk 32); in 1973 the overall figure had increased to 10.7
hours, according to TsSU estimates. These low rates undoubtably
exacerbate the computer shortage." (p. 395-96)

In the next saction, Cave examines evidence on the supply
of peripherals, and concludes that "although there is not definite
statistical evidence it is clear that the inadequacy of the supply
acts as a limiting factor in computer use. T™wo problems are
perceived, the first relating to the production of peripherals,
the sacond to the arrangements for their distribution." (p. 396)

Cave notes that his study follows the same general method
as that of Richard Judy, which covered the period up to 1968, Judy
had concluded that:

"Soviet computer technology started in the early fifties
with a modest qualitative lag behind Western equipment.
This lag lengthened into a sericus gap by 1964, when
Soviet technology was greatly inferior in all respects.
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Since 1965, with the announcement of the new Ural and
Minsk systems, and the BESM-6, the gap has narrowed
somewhat. Soviet computer technology remains quite
infarior to the best in the West. Quantitatively the US
appears to have akout 50 times as many computers
installed as does the Soviet Union which lags behind the
United Kingdom, Francae, Germany and Japan as well as the
United States. The gap separating contemporary Western
computer software and that employed in the Soviet Union
i snormous.”

'"Writing in 1972, Judy noted that 'the Soviet lag in software has
bean even greater than in hardware. In recent years the software
sltuation has improved somewhat.'®" (pp. 397-98)

Cave provides charts that illustrate Judy's conclusion
for the period up to 1968 that "the gap betwaeen Soviet and American
technology widened throughout the fifties and sixties. In the
second half of the sixties the lag was stabilised or even reduced,
but since 1970 there is no sign of further reduction in the lag,
which may even have increased.... The method .of comparison
1llustrated the fact that a single computer tends to dominate whole
sections of the curve covering a periocd of years.... The same
general picture is corroborated by the lag of the USSR behind the

United States in entering successive generations of digital
computers.® (p. 400-401)

"Of the lag between Soviet and American development in
peripherale ... we have seen the first Soviet disc unit was
available in 1970, seven years after the first American unit....
The other example is line printers.... These two axamples suggest
that the Soviet lag in development of periphaerals in 1973 was about

8 or 10 yvears, at least as great in the lag in development of
CPUs." (pp. 401-2)
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At the time Cave wrote, it appeared that the software
constraint may have been loosening: "There is further evidence to
support Judy's view that software has recently improved.... The
situation has greatly improved over the 1last five years as
compilers for high-level languages have been prepared, and we can
no longer with equal confidence identify the provision of software
as a restraining factor in Soviet computer development." (p. 402)

Cave summarizes as follows: "The technological gap
between the Soviet Union and the United States has continued since
1968.... This rather bleak account of the sjituation so far might,
however, be misleading about the future. Before 1968 Soviet
computer technology operated under conditions of rather Ilow
priority and suffered many of the disadvantages of a competitive
situation without reaping any of the compensating advantages....
But since 1968 a higher priority has been given to computer
production and more effort has been put into coordination. A far
smaller range of machines is produced in far greater numbers and
there has been nuch greater emphasis on ensuring compatibility
between different models and series, This affort has, at the
least, prevented Soviet computer technology from elipping further
behind American and created a nore favourable outlook for the
future." (p. 403)

Cave considers last to what extent Soviet computer
technology was developed independently or was copied from Western
developments. Cave states that "Now it is virtually indisputable,
as much now as in 1968, that all significant technological
innovations have been made in the West, though the same is not true
in the field of programming where the Soviat Union haa nads
theoretical advances, even if they are not of great practical
significance. But it is another question how far the Soviet Union
has been able to copy particular Western developments rather than
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just follow their general orientation.... Without a wore detailed
comparison of Sovist computers and their alleged Western
progenitors it is difficult to reach a firm conclusion on this
issue.” (p. 403)

C.9. CHAPTER 9: "NILITARY TECHNOLOGY" (DAVID HOLLOWAY)

Holloway notes the common presumption that the level of
Soviet military technology is higher than that of their civilian
technology. He quotes Sutton who, "at the end of his exhaustive
study of Western technology and Soviet development,® wrote:

"Soviet innovation presents a paradox: an extraordinary
lack of effective indigenocus innovation in industrial
sectors is offset —- so far as can be determined within
the limits of open information -- by effective innovation
in the weapons sectors." (p. 407)

Holloway notes that this assumption is found in much of the writing
on Sovlet research and development, sometimes explicitly but often
implicitly, and is rarely challenged. But according to Holloway,
there have been few afforts to systematically compare Soviet
civilian and military technologies. The two case studies in

Chapter 9 -- tanks and ICBMs -- are intended as a contribution to
such an assessment.

Holloway cites the estimates made in 1972 by Dr. John
Foster, then the U.S, director of Defense Research and Engineering,
vhich concluded that the Soviet Union had technological superiority
over the United States in eleven deployed weapons systems, had
approximate parity with the United States in four systems, and
lagged behind in seventeen systems. (p. 408) ¥In 1973 Dr. Foster
declared that a recent study of the Soviet and American
military-technological bases had shown that 'the technological
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supariority that the United States once posseassed had bean
substantially reduced by the USSR'.... Among the conclusions drawn
from this study were:

"The Soviets have closed the 'technology gap' in several
important respects.

“"Important U.S. 1leads are in computer technology,
integrated circuits, telecommunications, ship and
submarine quieting techniques, and some designs of vary
strong fiber-reinforced composite materials.

"Important Soviet leads are in chemical warfare defense
techniques, high-performance integral rockets and
ramjets, capability of land vehicles to cope with arctic
conditions and difficult terrain, and aircrart
maintainability."” (pp. 408-9)

Holloway mentions that the studies on which these conclusions are
based have not been published, a serious drawback "for the
categories of comparison are often so general as to be misleading
if they are presented without further qualification.® (p. 409)

In addition to general surveys, Holloway cites attempts
to systematically assess particular mjilitary technologies: "A group
at the RAND Corporation developed a methodology for quantifying
technoleogical trends, and applied this to a comparison of Soviet
and American aircraft turbine engine technology between 1943 and
1971.... The results indicated that, apart from the earlier years,
Soviet engines compared unfavourably with their American
counterparts.... 'After 1967, all American  engines are well in
advance of the Soviet state-of-the-art trend in production
hardware, sometimes by an indicated 4 to 6 years'.... This result
has to be treated with caution, however, bacause in the early years
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Soviet designers pursued cbjectives which wers different from those
of American designers or from thoss they themselves later adopted.”
(p. 410)

"An analysis of Soviet and Western naval capabllities has
been made at the Canadian Forces Maritime Warfare School.... It was
found that 'in the aggregate area of hull form design, steel
technology, and (possibly) overall systems engineering' Western
submarines were ahead, but the Soviet Union was closing the gap.
In anti-submarine warfare too the Soviet Union lagged. The ability
of Soviet ships, aircraft and submarines to detect and pinpoint a
tgtandard' submarine was found to be considerably less than that
of Western forces. Their capability to attack, however, was only
slightly leas than that of Western forces.... The Soviet Union was
found to have a clear superiority in naval electronic warfare and
in mine warfare. Soviet warships were found to have superior
surface-to-surface capabilities, while Western surface-to-air
capabilities were judged to be greater. In air-to-surface wvarfare
no clear conclusion could be reached: Soviet aircraft had a
considerably greater air-to-surface nmissile range than Western
aircraft, but the latter could engage twice as many targets at
shorter range.™ (p. 412)

Holloway argues that both the RAND and Canadian studiaes
raise important methodological issues. "The distinction between
adversary-situation and side~-by-side comparisons has already been
noted. Ancther major distinction must now be drawn: that between
military effectiveness and technological level.... A higher level
of technology will not necessarily lead to a superior capability,
while a batter capability cannot be taken as evidence of a high
level of technology." Holloway notes that in one of the RAND
studies Robert Perry goes as far as to argue that "the Soviet
military R and D system is in some respects more effective than the
American system, and that one consequence of this is the Soviet

77




'ability to create total systems with operational effectiveness not
inferior to comparable U.S. eystems even though the Soviets are
handicapped by inferjior subsystems, such as engines and
avionics'.... This argument can be extended from individual weapons
systems to force structures: a more effective military force can
be constructed from units that are individually less effective or
enbody a lower level of technology." (p. 413)

According to Holloway, the picture that emerges from
these studies is complex. While the overall level of United States
military technology may be judged to be higher than the Soviet
level, the Soviet Union may still lead in particular areas.

Commenting on the Soviet design philosopy, Holloway
states that "Most studies of Soviet military technology suggest
that the design and development of Soviet weapons are marked by
several striking features, all of which indicate a coherent design
philosophy.... Soviet designers concentrate on evolutionary
progress, and continuous growth in small steps, while in the United
States the tendency is to reach for larger, but less frequent,
technological advances.... Soviet military design stresses
commonality.... Soviet military equipment ... is designed to
'‘minimun acceptable requirements'.... The emphasis on simplicity
appears to be a matter of choice rather than of necessity, for
where more sophisticated equipment is needed it can often be
produced.... Economiging design practices seem to enable the
defence sector to design and develop more models than would
otherwise be possible. Moreover, it should not be thought that
technological progress comes through evolutionary change alone."
(p. 415)

Holloway elaborates by quoting Arthur Alexander in
another RAND report:
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“The design philesophy of incremental change ... if
followed rigidly, would eventually lead to technological
stagnation.... Discontinuocus changes must be sought
through tenporary deviations from the normal patterns in
the form of crash programs, the establishment of
problem-oriented ad hoc organizations and committees,
temporary suspensions of the usual procedures, and high
level political intervention." (p. 415)

Holloway asserts that a “similar picture emerges from MccGwire's
reconstruction of Soviet naval shipbuilding programmes. This
suggests that decisions are handed down, and that inertia is the
guiding principle until and unless the centre intervenes. As a
result, a modification ([of existing programmes] appears to
encourage innovation in the sense of fitting together elements that
were not originally deeigned for each other." (p. 415)

Holloway concludes his introduction to the two case
studies by noting that while *"a distinction can be drawn between
military and civilian technoleogy ... the distinction becomes more
blurred the closer one moves towards the research end of the
research-development-production cycle.... The more advances in
military technology come to depend on a large R and D effort, the
greater will be. the overlap between civilian and military....
Military technology may depend on much the same research base and

some of the same dQevelopment effort as civilian technology." (p.
416)

C.9.1, Tanks

Holloway presents detailed discussions of tank and ICBM
developments, from which we axcerpt only the most salient points.
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"In the 19308 Soviet tank production consisted primarily
of the T-26 and BT light tanks, the T-28 medium tank, and the T-35
heavy tank.... In 1940 the T-34 appeared.... The 7T-34 vwas
recognised as the best medium tank in the world; its ‘combination
of mobility, protection and gunpower placed it well ahead of other
tanks.'" General Guderian wrote of "the marked superiority of the
T-34 to our Panzar IV" after a battle in 1941. (pp. 418-20)

"There have been no revolutionary changes in tank design
since the end of the Second World War. 1In this period the Soviet
Union has produced four medium tanks.... All these tanks have used
basically the same V-12 diesel engine with modifications to
increase the horsepower when necessary; the T-54/55 and T-62 tanks
have used the same torsion bar/flat track suspension system.... The
latest Western tanks rely, as before, on steel armour, gun
armament, piston engines, torsion suspension, mechanical and
hydromechanical transmiesion. The two most innovative designs are
the turretless Swedish 'S' tank ... and the US M60 A2, which is
armed with the Shillelagh ... anti-tank missile." (p. 421-22)

Holloway asserts that the three major combat features of
a tank are protection, firepower, and mobility. Protection
includes both armor and nuclear, bioclogical, chemical (NBC)
protection, while firepower encompasses fire control, caliber,
ammunition type, and ammunition load. Mobility depends upon speed,
range, and amphibious capability.

Regarding armor, Holloway notes that the most recent U.S.
and FRG battle tanks are much heavier than their predecessors,
reflecting the development of composite forma of armor, but this
change is not yet reflected in Soviet designs.

C.9.1.1 NEC Protection. "It seems clear that the Soviet Union has
done more to protect its armour from nuclear effects than the
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Western armies, which have not gone beyond providing their tanks
with filter systems." (p. 427)

C.9.1.2 Firspowvar. "The size of projectile limits the number that
can be stowed in the tank, while the firing of large calibre, high
velocity projectiles involves very large reaction forces on the
vehicle. As a result of these limitations on gun development, the
search for greater firepower has since the nid—1950q concentrated
on the development of different types of ammunition and the
improvement of fire contrel.” (p. 427)

"Tha Soviet Union was ... slow to introduce new types of
ammunition into its tank design.... Soviet tank design appears to
lag =ignificantly in rangefinding equipment, although it has been
reported that a laser rangefinder is being developed.® (p. 434)

€.9.1.3 Mobility. "The development of a new engine is the nost
time-consuming part of tank development.... Soviet tanks have used
a diesel engine since 1939; in fact, they have used only one type
of engine, the V-2, a water-cooled, 38.8 litre V-12 diesel.... It
wag only in the mid-1950s that Western tank design turned to diesel
engines, after recognising, rather late, the importance of fuel
economy in tanks. The diesel gives the best combination of two
basic indicators of engine performance: overall power, and
specific effective fuel consumption.® (p. 435)

Regarding mobility, Holloway concludes that "the design
of Soviet tank engines has not advanced greatly since 1945.
Although clearly superior to Westaern tanks in speed and range in

the early post-war years, Soviet tanks have besn overtaken in both
respects in tha 19608." (p. 436)

Commenting on the genaral design philosophy reflected in
Soviet tanks, Hollowsy argues that "the development of Soviet tanks
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tits very well into the general picture of Soviet design philosophy
outlined in the introduction. cChange has been avolutionary rather
than reveolutionary, and many features have been passed on from one
generation to the next: the engine and transmission system are
perhaps the clearest examples.... Commonality ix also apparant in
Soviet tank design.... A high priority is placed on rugged design,
and reliability which is seen as more important than
maintainability.... Little attention seems to have been paid to
human engineering™ (p. 438)

"The contrast between Soviet and Western design

philosophies should not, perhaps, be overstressed. Western tanks

have not seen revolutionary changes in the last 30 years.... There
is =some commonality to be found in Western designs....
Nevartheless, a clear difference exists in design philosophies....
Soviet tanks are, after all, rugged and simple by comparigon with
Western tanks.... Innovation has been more marked in Western tank
development. In some cases this has meant the adoption of devices
that Soviet tanks do not have, for example, optical
rangefinders.... When Soviet tanks are compared with those of the
U.S. or UK (countries which have produced more than one tank since
the war) the difference in the degree of design inheritance
diminishes: American tanks all have many features in common and
show a strong evolutionary, rather than revolutionary, pattern of
development” (p. 439)

C.9.1.4 Diffusion. "It seems that in the post-war period Soviet
tanks have been produced at an average rate of between 2,000 and
3,000 a year.... The total NATO tank force in 1%75 ... suggests an
average annual production total of about 1,500 in the USA, UK,
France and Federal Republic of Germany.... It seems to be
characteristic of Soviet tank production that when a new modsel is
introduced, production of the previous model does not cease.... In
the West, as a general rule, a production of one model ceases when
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a new model is introduced.... It is possible that the Soviet Union
kXeeps at least two models in production so that it will not have
to supply its most modern squipment to politically unreliable
clients." (p. 440-41)

In drawing overall conclusions, Holloway notes that
ogorkiewicz "has suggested that tank designs can be evaluated on
the basis of their comparative effectiveness in performing the
specific mission of destroying or 'killing’' a hostile tank.... The
dominant factor in determining kill probability is the estimation
of range -- hence the importance of the fire control system, and
in particular of the rangefinder; the performance of Soviet tanks
nust be seriously impaired by their lack of effective fire control
equipment. The analysis shows also how important reliability is
in attaining high availability and high hit probability; their
rugged degign may give Soviet tanks an advantage here." (p. 441)

Holloway acknowledges that overall "the picture which
energed from this exercise is not especially sharp. But it
suggests that by 1950 the T-34 had been overtaken by U.S. tank
design, although it was still superior to the best British tank:;
by 1960 the T-55 had given the Soviet Union a marked superiority
over U.S. and British tanks; by 1970, however, the T-62 had been
overtaken by the M60 A2, the AMX-30 and the Leopard:; it was
superior to the Chieftain on all counts of mobility, but inferior
in firepower. Thus the 1960s saw a relative decline -- from a

position of superiority -- in the level of Soviet tank technology."
(p. 441-42)

"The change in the relative position of Soviet tanks in
the 1960a can be assessed in terms of those features which Marshal
Rotmistrov singled out as important in foreign tanks in the 1960s.

P1. Soviet tapks, like all Western tanks except the S-tank,
have retained the classical layout.
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concludes:

Soviet gun calibre is greater than that of all foreign
tanks except the Chieftain and the M60 A2, but the T-62's
115 mm gun is not thought to be more effective than the
standard NATO 105 nm gun; Fig 9.5 suggests that the
superiority of individual Soviet tanks in firepower has
been lost since about 1960.

The Soviet Union lagged behind the Western tank-producing
powers in introducing new typesz of AP and HE shells,
although it now uses ammunition of both types.

Wastern -- tanks in particular the Leopard and AMX-30
-=- have overtaken ©Soviet tanks in speed and
power-to-weight ratio (although the Chieftain lags
behind). Soviet performance has changed little since
1945,

Since the T-34, Soviet medium tanks have been low and -

relatively light; of all the foreign MBTs only the S-Tank
is lower and only the AMX-30 is lighter than their Sovie
counterparts. '

Figure 9.6 shows that Soviet tanks carry fewer rounds of
ammunition than Western MBTs.

Soviet tanks are batter protected against nuclear weapon
effects.

Figure 9.2 shows that Soviet tanks have lost their lead
in cruising range.

The Soviet Union was the first country to provide its
tanks with underwater driving equipment; the M60, AMX-30
and Leopard followed suit later.

The Soviet Union was one of the first countries to
provide its tanks with IR equipment for night combat.

The reliability and maintainability of tanks is difficult
to judge.

The Soviet Union has lagged in the provision of
rangefinding equipment, and this has affected first-round
hit probabilities; Table 9.10 shows that while the T-55
has 0.5 hit probability at 1,000 meters, the Centurion
Mk.9 and M60 Al have .85 hit probability at 1,000 maters
and .5 hit probability at 1,800 meters." (p. 442)

Holloway's assessment of Soviet tank technology
"The data ... are sparse and and unsatisfactory....
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Nevertheless, a genaral picture does emerge from the fragmentary
evidence: between 1950 and 1960 the Soviet Union strengthened its
position vig-a-vis Western tanks, but between 1960 and 1970 lost
its marked supariority to a new generation of Western tanks." (p.
446)

€¢.9.2 Intarcontinental Ballistic Missiles.

Holloway notes that American interest Iin ballistic
missiles was erratic and uncoordinated until the nid-1950s, in
contrast to the Soviet decisjion to give priority to nissile
developmant immediately after the war: "The Soviet Union began to
develop MRBNs about five years before the United States, but work ‘
on an ICBM started only one year earlier. The priorxity given to
missile developwent after the war helps to account for the Soviet
lead in flight-testing MRBEMs and ICBMs. In some areas of missile
technology the Soviet Union seems to have established a lead; for
example in rocket engines." Nevertheless, "once the U.S. programme
gained momentum technical advances came very quickly in guidance
systems, propellants, warheads and ground equipment.® (p. 459)

Holloway characterizes the evolution from Atlas and Titan
I to Titan IX and Minuteman I and then to Minuteman III as clearly
demarcated generations. The pattern of development was different
in the Soviet Union; generations have succeeded each other nmore
slowly. But Holloway asserts that "in spite of the larger number

of models deployed (ten as opposed to six in the U.S.), a clear
demarcation between generations can be discerned." (p. 461)

Holloway cites evidence that the Soviet Union encountered
serious problems in catching up with the U.S. in two important
areas: MIRV technology and accuracy. Regarding MIRVs, ERolloway
notes that: “Deployment of the S5-9 began in 1965 and continued
until 1970.... Model 4 carried three warheads, although they are
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not independently targetable; it has not bean daployed. The test
programme for this model suggests that the Soviet Union faced
considerable difficulties with multiple warhead tachnology." (pp.
461-64) Holloway later asserts that: "The United States has enjoyed
a clear lead in the development of multiple warhead technology.
It first tested MRV in 1963.... In 1968 testing of MIRV warheads
began, and in 1970 the MIRVed Minuteman III became operational....
It has been suggested that the reasons for the Soviet lag in
nultiple warhead technology are the smame as those which account
for the lag in missile accuracy: backwardness in computers and
electronics, and in precision grinding and cutting machinery." (p.
476-67)

Holloway also argues that the "scanty evidence" available
suggests that the Soviet Union "has faced considerable difficulty"
in developing highly accurate guidance systems: "The new Soviet
ICBMs are the first to carry onboard computers, although U.S5. ICBMs
hava done so since 1962; and it is hard to see how high accuracies
could be achieved without such computers.... It has been argued
also that the Soviet Union lacks the very accurate metalcutting
equipment essential in the construction of gimballed gyroscopes and
accelerometers.... Another report suggested in 1973 that the Soviet
Union was finding it difficult to master the gas-bearing inertial
guidance technology which is essential for highly accurate MIRVed
warheads.™ (p. 472)

But the Soviet program had counterbalancing strengths:
"Notwithstanding these reservations, Soviet missiles have a much
greater throwweight than U.S. missiles. They are, in general, much
larger, and some of the latest ICBMs can be ‘'cold launched’',
whereas no American ICBM uses this technique.... In 1956 the U.S.
Atomic Energy Commission said that it could develop compact nuclear
warheads with a high yileld, and this influenced U.S. missile dasiqn
in the direction of smaller missiles." (p. 475)
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€.9.2.1 Propellants. "With the exception of the §8-13 and S8-18,
all Soviet ICBMs have liquid-propallant rocket (LPR) engines. All
the Minuteman ICEMs have sclid-propellant rocket (SPR) engines....
The United States appears to have made more advances in the
development of SPRs, These have some advantages and some
disadvantages, when compared with LPRe; it is not clear that one
type of angine is decisively superior to the other...., Soviet ICBM
deployment may suggest that the Soviet Union is not happy with its
own SPR technology; or it may suggest that the sacrifice in
specific impulse is not thought worthwhile for the benefits
gained."* (p. 477-78)

€.9.2.2 pPenetration Aids. "Minuteman II was the first ICEM to be
equipped with such aids; the first Soviet ICBM to be so equipped
was the SS-11 mod 2, which became operaticnal in 1973, seven years
after Minuteman II." (p. 478)

C.9.2.3 gcountersilo Lethality. "The comparison so far gives an

unclear picture: it shows a Soviet lead in megatonnage and
throwweight, and a U.S. lead in missile accuracy and multiple
warhead technology.... Bafore the present generation, Soviet ICBMa,
with the sole exception of the S5-9, lagged behind their U.S.
counterparts. Even the SS-9 does not have as great a K value as
the Titan II or Minuteman III. With the introduction of the SS-18
and S5-19, however, the picture changes. The $5-19 appears to have
a2 K value at least as great as -- and perhaps greater than -- that

of the Minuteman III, while the Ss-18 appears to be far more lethal
than any US ICBM." (pp. 480-82)

C.9.2.4 Conclusions. Holloway ends by drawing five general
conclueions. The first is that "although the Soviet Union has had
a nunber of spectacular firsts, almost all of these were in the
19508.... The Soviet ICBM lead was quickly loat, while the Soviet
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thermonuclear test of 1953 represented a step in the development
pProgramme that the United States bypassed. Purther, the MRBM which
the Soviet Union tested in 1954 and deployed in 1955 had a range
less than half that of the U.S. IRBM tested in 1557 and deployed
in 1958; the apparent Soviet lead of three years is illusory. It
can be argued, however, that after the eclipse of the 19608 and
early 1970s, the Soviet Union has caught up again: certainly the
SS-18 seems (if the published data are correct) to have been a far
more lethal combination of yield and accuracy than any other
ICBM.... This apparent lead ... does suggest a fluctuating
relationship between Soviet and United States ICBM technologies."
(p. 486)

"Second, the avallable evidence suggests a rather slower
rate of technological innovation in the Soviet Union than in the
United States.... In guidance system and multiple warhead
technologies the United States has enjoyed a clear lead which the
Soviet Union has been trying to eliminate. The Soviet Union has
led in megatonnage and throwweight but this has been a result of
American design decisions, and not due to the United States lack
of the relevant technological capability. Thie distinction is
important, for it shows how design decisions may compensate for a
relatively lower technological base. The Soviet Union has
attempted ... to compensate for its backwardness in guidance and
multiple warhead technologies by building very large missiles with
a correspondingly large throwweight." (p. 486)

“Third, ¢the design philosophy outlined in the
introduction to this chapter emerges less clearly in Soviet ICBEMs
than in Soviet tanks.... In Soviet ICBM development ... the
different generations are clearly marked off from one another, and
each has seen improvements in the three mailn elements of the
missile, as well as in ground equipmant.... When a new generation
of mnissiles is required the most advanced developments are



incorporated. This is rather different from the pattern of
evoluticnary dasigns and development to be found in Soviet tanks.
A very iwmportant feature of Soviet ICBM history has been the
devalopment and production of competing (and redundant) models in
each of the last three generations." (p. 487)

#"Pourth, there have been important differences between
the Soviet and United States attitudes to the testing of missiles
and their withdrawal from service.... By 1975 the United States had
withdrawn about 1,000 ICBMs from service, while the Soviet Unicn
had withdrawn no more than about 40." (p. 487-88)

"Pifth, the ICBM programmes have been organised and
managed differently in the two countries. 1In the Soviet Union
special bodies were set up in the Council of People's Commissars
to ensure centralised control from the very beginning.... In the
United States management and control have been more fragmented, and
ICBMs and IREMs came under the U.S. Air Force during the 1950s only
after considerable inter-service rivalry and an initial lack of
enthusiasm for ballistic missiles on the part of the Air Force.
In the United States, as in the USSR, missile-carrying submarines
come under the Navy." (p. 488) ’

C.9.3 Final Conclusions

In drawing overall lessons based on both the tank and
ICBM comparisons, Holloway concludes that: "These studies do not
show the Soviet Union gradually catching up or overtaking its
foreign competitors: the relationship appears to fluctuate. In

both cases the Soviet Union has first led the world and has then
lost that lead." (p. 489)

Holloway also believes that the evidence in both case
studies "points up the features of design philosophy referred to




in the introduction: commonality, design inheritance and
simplicity.... Development was evolutionary, though punctuated by
central intervention to set a programme going, or to change its
direction.... The strengths and weaknesses of Soviet technology as
a whole are reflected in the defence sector: for example, strength
in welding has affected tank technology:; weakness in electronics
and computer technology has influenced ICBM development. The
defence sector cannot be seen as an lsolated realm within the
Soviet research and development system." (p. 489)

C.10 Chapter 10. YROCKETRY: LEVEL OF TECHNOLOGY IN LAUNCH
VEHRICLES AND MANNED SPACE CAPBULES" (Milan Kocourak)

Kocourek notes the early Russian interest in rockets:
the first Soviet R&D organization in rocketry was established in
1928, although its origins went back to 1921. During the 1930s,
only three English language bocks on rocketry appeared, while
several dozen came out in the Soviet Union. A German rocket expert
regretted that "there is a much wider and more sensitive interest
among the Russian intelligentsia for the rocket than among the
German upper classes."™ (p. 493)

Stalin crippled these efforts during 1937-1938, when he
executed both the chief supporter of liquid-fueled rockets in the
leadership and nearly all of the rocket experts. Thus, no liquid-
fueled rocket was introduced by the USSR during World War II,
although Soviet researchers managed to develop solid-fueled
rockets.

Kocourek argues that the contribution of captured German
scientiste to Soviet progress has been overstated: "It can be
inferred that even in 1946-7 the Russians had their own parallel
rocket R and D in which the Germans did not participate, and which
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was at least as good in guality and speed as the Russian-supervised
efforts by the German prisoners.® (p. 498)

"The main problem which has aroused a lot of controversy
in the West throughout the 1960s, and which has not yet been
conclusively solved is whether the Soviets intended to undertake
manned flights to the mcon.... What is the centerpiece of the
Soviet space programme, if such a thing exists at all, has always
been something of a puzzle, and different Soviet experts and
commentators offerad different accounts of the order of priorities
in the Soviet space programme.... The evidence in fact appears to
indicate that what has been delaying Soviet realization of a manned
flight to the moon is the lack of a powerful enough rocket
carrier.®™ (p. 499)

C.10.1 Soviet Space Technology

Kocourek divides space technology into launch vehicle
building, including rocket engines and boosters; epacecraft
(capsule) building, including instrumentation: and ground/sea
support systems, including launching, servicing, and tracking
facilities.

C.10.1.1 Launch Vehjcle Building. Kocourek first examines Soviet
achievements in rocket thrust and their design philosophy. He
notes that: "The Soviet lead in terms of thrust lasted over eight
years, from 1957 to 1966.... But from 1967 onwards, since the
launching of Saturn V, the Americans have been consistently
ahead.... The Soviet experts had accumulated extensive experience
in rocket engine building since the early 1930s and their knowledge
was further enriched by their famjliarity with German rocket
technology.... The Soviet decision to concentrate on a high thrust
for their launch vehicles had its origins in the initial Soviet
handicap in nuclear technology.... Rather than accept this lag and
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wait for lighter warheads to come, the Soviet authorities committed
themselvas to building a powarful guided intercontinental missile
capable of carrying a heavy nuclear payload.... The initial
emphasis on high thrust was reflected in the Soviet design
philosophy, which was quite different from the American.... The
Atlas tankers were so thin that they always had to be kept
pressurized in order to prevent their collapse, while the walls of
Vostok tankers were so thick that Soviet workmen could walk along
their entire length without damaging them."™ (p. 501)

Regarding the development of launch vehicles, Kocourek
discusses the Vostok system, the Western name for the chief family
of launch vehicles in the Soviet space program. The different
versions of the Vostok system combined various rocket engines
together: "It can safely be said that it was this 'cluster' idea,
the most daring and progressive of its time, which secured the
Soviet Union its initial advantage in terms of rocket thrust.® (p.
501)

Kocourek ends his discussion of design philosophy with
the observation that: "Whereas the Soviet rocket engine designers
have adopted a comparatively conservative approach of building upon
a well-tested standard piece of technology with modest results,
the Americans have followed the path of longer, but more
sophisticated, innovation which facilitated carrying out a
stupendously ambitious and publicly declared space goal, namely,
landing on the moon.... Whereas any interested person could follow
the American successes and failures in the process of Saturn V
development, the circumstances of development of Vostok were kept
entirely secret until success was assured." (p. 507)

Kocourek notes the contrasting styles regarding the
exploitation of launch vehicles: "Whereas the U.S. had a different
type of launch vehicle for each manned flight programme (with the
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exception of Apollo and Skylab, both of which used Saturm), the
Vostok~type launch vehicle was usad for all thres Soviet manned
programmes. ... The USA lost its lead in the annual nunber of space
launchings in 1967 and tha total number of launchings fell below
that of the USSR in 1971.... The average intensity of use of
carriers is thus considerably higher in the Soviet Union than in
the USA." (p. 507) But Kocourek stresses the difficulty in darawing
any clear lessons from these statistics: "The different objectives
of the respective countries' space programmes make it extremely
difficult, if not impossible, to compare the individual Soviet and
American launchings meaningfully.... In orbital stations, the
Soviet Union is the years ahead.... But total number of launchings
by the respective countries over a period may mean very little....
¥While both the number of launchings and the weight sent into space
do indicate the degree of space activity, they do not necessarily
suggest very much about the guality of technological advances in
space." {p. 510)

€.10.1.2 Spacecraft Building. Kocourek notes the rapid
development from the primitive Sputnik to the sophisticated Soyuz:
"The fleet of Soviet spacecraft from Sputnik to Polet and Soyuz is
very lmpressive both in total number and the performance of the
individual craft.... In spacecraft building as in the development
of launch vehicles we can observe what observers like Stoiko have
called the ‘'add-on' philosophy, which is technologically an
important feature of the Soviet programme. Instead of building a
new type of space-craft for each mission, the design, materials,
apparatuses and other equipment are basically the same." (p. 510)

Kocourek points to fundamental differences in design
priorities between the U.S. and USSR: "They built the Vostok
capsule as well as Voskhod and Soyuz as a heavy solid shell which
potentially ensured a higher degres of safety during spaceflight
and re-entry.... Low~pressurs oXygen was used in all the U.S.
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8pacecraft, including the prototype of Apollo, until the disaster
in January 1967. The death of the three U.S. astronauts can be
Seen as a sad penalty paid for the initial lack of option in U.S.
spacecraft design.®™ (p. 513) "Another important aspect of Soviet
design philosophy was the role of the cosmonaut on board a
spaceship. Again it was the concern ... with safety of cosmonauts
during the flight which led to the emphasis on automatic rather
than manual control of the spacecraft. Accordingly, the Vostok
capsule was designed to be guided automatically through signals
from the earth and the cosmonaut was supposed to use the manual
controls only in case of an emergency.... A Soviet cosmonaut is
not so0 much a pilot of his spacecraft as a well-trained
passenger.... A U.S. astronaut, on the other hand, is deliberately
made a more integral part of the spacecraft control and guidance
system.™ (p. 513-14)

C.10.1.3 Engineering. Kocourek asserts that American engineers
drew heavily on experience with U.S. rocket planes during the 1950s
and also collaborated with future astronauts, while Soviet
designers d4id neither. "The simplicity of design of their
spacecraft has always been stressed in the Soviet Union." (p. 514)
"Vostok, the first manned spacecraft designed for 10-day operation,
consisted of two modules.... Voskhod, a multi-seater spacecraft ...
was somewhat more sophiasticated than Vostok.... The differences in
engineering between it and Vostok were negligible compared with
those between Gemini and Mercury spacecraft in the USA.... Only
the Soyuz spacecraft was considerably diffarent from the Vostok and
Voskhod capsules in sophistication.... There is no equivalent in
Soyuz of the Apollo digital computer which permits the crew to
communicate directly with all systems on board. The drum-type
preprogrammed sequencers in Soyuz do not enable the crew to input
any other commands than those already present in the drum.... It
could ba arguad that the safety of a Soviet cosmonaut may not be
ensured to the same extent as that of an American who can actually
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over-rule the computar and is free to do so whenever he deems it
necessary.™ (p. 515-~16)

Rocouraek states: "The launching of Salyut, the Soviet and
the world's first orbital station, has been seen as a practical
step towards the realization of Tsiolkoveky's old dream of
‘gettlements in space.'" {p. 5186)

The prestige valus of space achievements has not heen
closely correlated with technical achievements, according to
Kocourek. "With Salyut I and Soyuz 10 and 11 the Soviets scored
another important space 'first' which was matched by the U.S. with
Skylab only two years later.... Hardly anyone in the Soviet Union
seemed to fully appreciate that Skylab in may respects, including
weight and the sophistication of equipment, was superior to
Salyut.® (p. 517)

C.10.2 Conclusions

In concluding, Kocourek notes that Soviet research and
development in rocketry has been sponsored by the military since
its early stages; the launch vehicle that sent the Sputniks and
Vostoks into orbit was a modified ICBM. "The military character
of Soviet rocket. research and development before and after the
Second World War resulted in certain special features which are
largely lacking in the U.S5. space programma. Thare is no clear-cut
division between the civilian and military parts of the Soviet
space effort: all rockets have always been for both science and
defence.... Military matters have always had a high priority in
Boviet and Russian history and ve believe that this partly explains
both the high level of technology and the secrecy of the Soviet
space programme.... Distinguished piocneers ... became chiefs of the
Soviet space effort, giving ... a sensae of long-term and purposeful
dedication and continuity, features lacking in the U.S space




programme.... The U.S. self-imposed challenge, in the shape of the
ambitious Apollo programme and sudden cuts in the NASA budget and
manpower once the moon was reached, is perhaps the most typical
illustration of this point.™ (p. 519)

While the U.S. program may have suffered from the lack
of an enduring commitment, Kocourek argues that a "challenge-driven
approach® also has advantages, although economy is not one of them:
"In terms of innovating technological advances in rocketry, the
United States challenge-driven approach, supported with excellent
engineering skils, has proved to work to the American advantage....
The Soviet reliance on well-tested hardware, illustrated above by
the example of the Vostok launch vehicle, and the slow development
of new, more powerful rocket carriers ... cost the Soviats their
leading position in rocket thrust. On the other hand, the slow,
heavy-going path the Soviet Union has followed in the development
of their new launch vehicles has undoubtably some interesting
implications. 1If a vehicle type is developed which proves to be
highly successful and then an intensive use is made of it for many
Years, as has been the case with the Vostok carrier, vehicle
standardization, its manufacture on a production-line basis and
thus economies of scale are the comcomitant factors." (p. 519)

But Kocourek believes that Soviet incrementalism must
eventually take its toll in a technological race: "Clearly, Soviet
reliance on traditional hardware and efforts to standardize work
in the long run to their disadvantage: the absence of a powerful
Soviet launch vehicle of the Saturn V type restricts the choice of
alternatives in realizing the most prominent of present declared
Soviet intentions in space, placing large manned stations into
earth's orbit." (p. 520}

Kocourek notaes that the Soviet design philosophy is also
quite different from the American style: *Its origins go baek to
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the post-war years when military considerations were of primary
importance, and it also stems from Soviet concerns with maximum
safety for mannad flight programmes and maximum economy in other
programmes, aspects which led to Soviet enmphasis on control from
the earth. As far as maximum safety is concerned, the weaknesses
of that line of thought have been discussed abkove.... The emphasis
on simplicity has led to a lower degree of computerization on
Soviet spaceships as compared with American." (p. 522)

Soviet technological 1limjitations have significantly
affected their space program, Kocourek concludes: "Owing to the
lack of a suitable carrier rocket the Soviet Union has not yet
tested a capsule for manned flight to the moon, although from
numerous Soviet sources 1t is obvicus that such a manned trip is
indeed the Soviet intention in the long run.... In the course of
the 1960s, at least in the fields of rocket technology and manned
spacecraft, the becld and pioneering Soviet space programme
gradually ceased to maintain its high initial tempo vis-a-vis the
dynamic U.S. Gemini and Apollo programmes. The main reason for the
loss of this tempo ... is the peculiar Soviet pattern of innovation

and design philosophy, both of which are very diffarent from the
American counterparts." (p. 522)
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ENDHOTES TO APPENDIX C

The Technological Level of Soviet Indugtry, ed. Ronald Amann,
Julian Cooper, and R.W. Davies (New Haven: Yale University
Presg, 1977).

These conclusions are reinforced and 1illuminated by a
companion volume that is not summarized in this appendix,

, ed. Ronald Amann
and Julian Cooper (New Haven: Yale University Press, 1982}).
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APPENDIX D
SOVIBT DENOSRAPHEIC TRENDS AND

THE U.8.-BOVIET MILITARY COMPETITION

Richard 8. Soll

Demographic trends have a direct impact on the social,
economic, political, and military dimensions of a nation.
Examination of these trends is, therefore, essential in assessing
a nation's strengths, vulnerakilities, limitations, and prospects.
Current and projected trends in Soviet demecgraphics; stemming
principally from the country's geographic expanse, ethnic
diversity, soclo-economic structure, and recent history (i.e.,
World War 1II) appear to be particularly problematic to the
leadership.

Even in a centralized, authoritarian system such as that
vhich still exists in the Soviet Union the leaders can do little
more than provide incentives to the population in attempting to
reverse negative demographic trends. In addition, they can attempt
to offset the impact of the negative trends by circumventing the
systematic processes, mainly by means of conducting trade with the
noncommunist world and by acquiring technology from it.

Given the nature of Soviet demographic trends and the
scarcity and potential fragility of the corrective measures
available to the Soviet leadership, U.S. strategies for competing
with the Soviet Union should take demographic factors into account
and attempt to exploit them. This appendix provides a brief
description and assessment of the relevant trends in Soviet
demographics; a discussion of the implications of these trends for

the United States in competing with the Soviet Union:; and a list
of references used in preparing the appendix.
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D.1 PERTINENT BOVIET DEMOGRAPHIC TRENDS

The areas that are pertinent to defining the Soviet
demographic problem are ethnicity, fertility, mortality, and labor-
force population. Although these areas are distinct subsets of
demography, each with its own indicators and measures, they are so
closely intertwined and constantly overlapping that precise
delineations are not useful for the purposes of the present paper.
For instance, comparative trends in fertility of Soviet Muslims
and Slavs bear not only on the fertility dimension but also on
ethnicity and labor-force population.' Suffice it to say that
ethnicity, as a definable characteristic, pervades almost all
aspects of the Soviet demographic problem, given the Great Russian,
internationalist, and urban-industrial orientation of the Kremlin
leadership and thus its political, military, and economic
objectives and peolicies, compared with the Muslim, regional, and
agrarian orientation of a growing segment of the Scviet population.

In its entirety, the area of Soviet ethnic relations and
their demographic implications involves not only the Great Russian
leadership and population vis-a-vis the Muslim peoples, but also
non-Russian slavs (Ukranians and Belorussians), the pecoples of the
Baltic region (Estonians, latvians, and Lithuanians), and various
other non-Muslim groups (e.g., Jews, Moldavians, and Germans)
living in the Soviet Union. The statistical trends associated with
these groups are not, howaver, as dramatic or profound as those of
the Slave and Muslims, and therefore this appendix does not focus
on them. This does not mean that Soviet policies are not affected
by relations with these other nationalities, as the Jewish
enigration issue clearly demonstrates. The Muslim gquestion,
however, appears to have the farthest-reaching social, political,
military, and economic implications for the Slavic leadership of
the Soviet Union.
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The growth rates for the esight southern tier Soviet
Socialist Republics (S6Rs) -- Uzbekistan, Tadzhiklstan, Kirgiziya,
Turkmenistan, Kazakhstan, Azerbaydzhan, Georgia, and Armenia -~
have been two or three times higher than those for the Slavic
republics (the Rus=ian, Belorussian, and Ukranian SSRs). While the
Slavic republics comprised 81.6 percent of the USSR population in
1950, the proportion dropped to 74.8 percent by 1979, the year of
the most recent Soviet censuas. According to Murray Feshbach, thie
decline is expacted to continue and by the year 2000 the Slavic
republics are projected to constitute 69 percent of the population;
the southern tier republics, which comprised 14 percent of the
Soviet population in 1950, will comprise 27 percent by the year
2000.2

An analysis of the various nationalities' birth rates
and of corresponding differentials in terms of age groups points
out the major consequence of the nationalities problem for the rest
of this century and beyond: a shrinking urban-industrial work-
force. In the period 1970-1978 the Soviet Muslim birth rate was
38 to 42 births per 1000 population, while the Slavic hirth rate
was 13 to 16. In a Soviet national survey conducted in 1972 among
women aged 18 to 59, Slavic women stated that they expected to bear
about one-third the number of children that Muslim women gave in
their response (roughly two per woman against six for the Muslims).
Demographers project, for instance, that in the year 2000 the
natural increase rate (births minus deaths) for Uzbekistan will be
over 14 times that for the Russian republic. This number is driven

even higher if one considers only the Europeans in the Russian
republic.

Soviet authorities have attempted to resolve the
differential in Muslim versus European population growth rates by
encouraging Muslims to migrate out of the southern tier, hoping
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that they would thus become Sovietized. Muslims are not, however,
moving ocut of their native regions in significant numbers. The
1979 Soviet census indicates, for example, that out of tha
approximately 12.5 million Uzbeks in the USSR, only 91 thousand,
or 0.7 parcent, live outside the southern tier republics.

The differential in fertility between the Muslim and non-
Muslim portions of the Soviet population has resulted in a
statistical aging of the Slavic and Baltic peoples relative to the
Aslatics, and this trend is expected to continus. In the Slavic
and Baltic republics in 1979 the youngest age group (0 to 15 years)
accounted for 22 to 25 percent of the population, compared to 40
to 46 percent in the Muslim republics. Since this age group
represents a good part of the parenting and work-force population
for the next generation, it is apparent that the trends in Soviet
fertility and, as discussed below, in Soviet labor productivity
will only become accelerated. According to demographic
projections, these trends could eventually result in a decline in
population in the European republics of the USSR.

The proportion of working age (16 to 59 years) people in
the Slavic republics declined from 82.7 percent of total USSR
working age population in 1959 to 77.7 percent in 1979, while the
share in the southern tier republics increased from 14 to 19
percent during the same period. This trend has a profound impact
on labor supply, since Soviet labor needs are mainly for urban-
industrial enterprises and the Muslim population generally shows
little inclination to migrate to the industrial areas or
participate in nonagrarian employment. The Soviet labor force was
expected to grow throughout the 19805 at a rate that is less than
half of the 19708 rate. About 90% of the growth will come from the
southern tier and therefore will not benefit the industrialized
regions of the USSR to any significant extent.
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In order to spur economic development, the Soviet Union
has traditionally tried to compensate for its lack of investment
in production technology (brought about to a large extent by the
magnitude of the Soviet military R&D and hardware effort) by
relying on increases in the size of the labor force. Given the
projections of sharply decelerating growth among that segment of
the population, particularly the European, urban-industrial
component, it is no longer possible for the leadership to employ
this method for driving economic growth.

Concerned about this slowdown in the Soviet economy, the
authorities bagan to institute measures for increasing the labor
productivity of the existing work force in the late 1970s under
Brezhnev. Successive regimes have reinforced the =nreasures and
continued to implement new ones. The measures include centralizing
decisionmaking regarding labor issues under the State Committee for
Labor (Goskomtrud):; greater activism by the authorities in steering
workers into particular industries; and taking tougher action
against people who come to work drunk, are illegally absent, or
avoid employment altogether. In addition, Soviet leaders have
publicly committed themselves to long-term policies for investing
in modern machinery in order to automate and mechanize what are now
labor-intensive industries. The implementation of such policies
may, however, require major shifts in longstanding resource
allocation practices and an expanded work force -- both in terms

of quantity and quality -- to build, install, and wmaintain the
machinery.

The Soviet Union's emphasis on acquiring technology and
equipnent from the Wast constitutes an important means by which the
leadership hopes to mitigate the consequences of the demographic
trends. At the same time, Soviet interest in arms control is
probably motivatad partly by the prospect of a reduction in defense
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expanditures, thus allowing a shift of resources into capital
investmernt.

In addition, the regional trends in Soviet population
growth will have a major impact in the area of military manpower.
It is estimated that by the year 2000 approximately one-third of
all Soviet military recruits will come from the southern tier
republics. Differences in langquage, education, and technical
training between Soviet Muslims and non-Muslims, exacerbated by the
racism that exists throughout Soviet society, will cause this to
be a growing problem that the Soviet political and military
authorities will have to confront. Furthermore, the inability of
a growing percentage of the Soviet armed forces to operate and
maintain the increasingly high-technolegy equipment Dbeing
introduced into the operating forces is likely, given the language,
educational, and training deficiencies of many conscripts of Muslim
origin.

: This trend in Soviet wmilitary manpower has important
political dimensions. In the first place, the leading role of the
Communist party in Soviet military affairs and the inculcation of
all Soviet servicemen with party doctrine and values are considered
by the Soviet leadership to be integral to the conduct of Soviet
military organization and practice. However, Marxism-Leninism as
an ideology and the concept of the Communist party as an organ of
control are Western in origin and have never been embraced by the
Muslim population of the Soviet Union. 1In fact, almost without
exception, communists in the Arab world have been from Christian
rather than Islamic backgrounds. Therefore, as the Muslim segment
of the Soviet armed forces steadily increases in size, the
leadership faces the prospect of an eroding mechanism of political
control. This problem will become even more acute if the pressent
and projected trends continue for an extanded period so that the
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Muslim contingent will have to be drawn upon to £fill the ranks of
the officer corps.

A second area in which the ethnic trend in Soviet
military manpower threatens to affect the political dimension
pertains to Soviet relations with Muslim countries, particularly
those along the Soviet Union's southern tier (e.g., Iran,
Afghanistan, Turkey). The prospect of a future Soviet leadership
baing able to commit Soviet forces into combat against a people
with whom a major portion of Soviet soldlers shares linguistic,
religious, and historical-cultural backgrounds may be in doubt.

Another area of Soviet demographics that is problematic
to the leadership and might require a redirection of resources
pertains to mortality, particularly infant and male mortality, the
rates of which have both risen since the 1960s. Soviet infant
mortality rate is the highest of any industrialized country --
double that of the United States -~ and 1% higher than that of some
third world countries such as Jamajica. Possible reasons include
deficlencies in the Soviet health care system, alcoholism among
mothers, repeated abortions (an average of 5 per woman during her
child-bearing years), poor nutrition, inadequate infant formula,
and poor water guality. Infant mortality tends to be more
prevalent in rural areas than in urban, and therefore is more
prevalent in Soviet Central Asia than in the western USSR. The
rate in Tadzhikistan, for instance, is reported to be as high as
90 per 1000 births, compared to the Soviet average of 31 per 1000.
Since the ethnic population projections discussed earlier took this
into account, the relative growth of the Muslim versus European
psoples would be even greater if tha infant mortality problem were
ameliorated. While this might Pose a moral dilemma to Soviet
leaders -~ l.e., do they want to accelerate further the Muslim
growth rate? -- nevertheless the overall problem will have to be
radressed, since the infant mortality rate among Slavs is too high

105




from their standpoint. Although evidence indicates that the rate
continues to rise, it is not clear whether this is due to a
worsening problem or to more accurate reporting.

The male mortality problem is, however, definitely
worsening. The life expectancy at birth of Soviet males declined
from 67 years of age in 1964 to 62 in 1980, which is lower than any
European country; U.S. male life expectancy at birth in 1980 was
70 years of age. The distribution among Soviet republics is such
that the trend does not favor Slavs or Muslinms. The male life
expectancy in the RSFSR was, however, lower than the national
average of 62 in 1980, and that certainly is a source of worry to
the national leadership, given the low rate of fertility in the
Russian republic. The main reason for the rise in male mortality
in the USSR is probably alccholism, both its acute effects (such
as toxicity and accidents) and long-term effects (e.g., heart
disease, stroke, diabetes, liver disorders). One staggering
statistic is that the number of deaths from acute alcohol poisoning
in a given year in the Soviet Union is 88 times that in the United
States. Adding to the concern is the fact that alcohol-related
deaths in the Soviet Union are taking the greatest toll on males
in the prime working and military service ages.

During the same period studied, 1964-1980, the Soviet
female life expectancy at birth declined two years from 75 to 73
years of age. In the same period, U.S. life expectancy rose three
years for males and five for feamalas.

D.3 INMPLICATIONE OF BSOVIET DEMOGRAPHIC TRENDS FOR THE UNITED
STATES

The trends in Soviet demographics point to major problems
that will confront the Soviet leadership well into the twenty-first
century and suggest several areas that are potentially exploitable
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by the United States in the development and implementation of a
political-military competition strategy. Competitive opportunities
for the United States in accordance with these demographic trends
might include the following:

1. The Soviet Union will need to compensate for
continuing shortfalls in the qualified labor force by
investing in production technology and equipment or
by acquiring the necessary technology and equipment
from the West. If Western technology and equipment
are not available, the Soviets might be forced to
shift additional resources from the defense gsector
into capital investment. Even if further reallocation
does not occur, the defense sector is sure to feel the
impact of the dwindling skilled labor force.
Therefore, it might be in the best interests of the
United States to further curtail the transfer of
technology and equipment to the Soviet Union or to
establish a Soviet dependancy in return for
concessions in certain areas, such as arms control.

2. In its propaganda line directed toward the Third
World, the Soviet Union traditionally has used the
"successes" of the Soviet ethnic relations experience
as a model for the Third World in order to foster
closer ties between the Soviet Union and the
developing countries and to instill an anti-
imperialist (i.s., anti-U.S.) orientation in them.
According to the Soviet line, the Asiatic peoples of
the USSR accepted socialist ideology and socialist
principles of political economy without first having
endured the capitalist stage of development, which
Marx has claimed to be a precondition. The Soviet
Union is presented as a unified collection of diverse
peoples in which everyone works for the good of the
whole state, according to standards established in and
enforced by the Kremlin; U.S. race relations are
publicized as a manifestation of the evils of
traveling the capitalist route. Therefore, Third
World countries are urged to adopt socialism and to
accept the Kremlin's leadership of diverse peoples
united against imperialism, just as Uzbeks, Kazakhs,
Tatars, and others have done. The Soviet line appears
to have contributed to some Third World leaders' (most
notably Castro, Nagser, Sukarno, and Nkrumah)
establishing bonds with the USSR in pursuit of shared
anti~imperialist objectives and has in turn been used
by Third World leaders in justifying their foreign and
domestic policies. as a counter, the United States
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should publicize the failures of tha Soviet athnic
relations experilence, highlighting Soviet racial
antagonisme, asymmetries in infant death rates and
assimilation intc the labeor force, and, in general,
the failure of the Soviet leadership to sovietize a
large and growing portion of the country's population.

. Soviet nationalities bordering cChina, Mongolia,

Afghanistan, Turkey, and Iran are ethnically (i.e.,
in terms of language, culture, religion, history, and
physical features) closer to the peoples of these
countries than they are to the Slavic leadership in
Moscov. These centrifugal tendencies could have
significant implications for Soviet domestic and
foreign policies, based upon questionable national
allegiance of the Soviet citizens in the southern
regions. Given what is known concerning these ethnic
groups' lack of adherence to the Soviet policy line
in the past, it is doubtful that these peoples are
more inclined to believe, for example, Soviet
propaganda concerning the Afghanistan war or Sino-
Soviet discord than U.S. propaganda on these same
issues; ideological justifications are meaningless,
since what is jmportant to them is information on how
their ethnic kin are being treated and the effect of
the events on their immediate environs. Given an
understanding of the local (not global) and ethnic
interests and sensitivities of these peoples of the
USSR, the United States, both in broadcasts (e.qg.,
VOA, Radio Liberty, etc.) and in relations with the
bordering countries, has an opportunity to exploit
these centrifugal tendencies. In essence, a U.S.
"active measures™ program similar to the Soviet
leadership's should be instituted vias-a-vis Soviet
Asiatic minorities, with the trends in the ethnic
composition of the Soviet military given special
consideration.

Soviet demographic trends indicate that a growing
proportion of the military service age population must
come from the southern tier republics. Given the
raelative deficiencies of individuals from this region
with regard te¢ language, education, and training, a
large proportion of the Soviet armed forces may be
unable to use technologically sophisticated material
without particularly extansive education and training.
At the same time, the Soviet military leadership has
traditionally exercised a policy of stationing
minority soldiers outside of their home (or culturally
similar) republicas. If this policy is continued, an
increasing proportion of Muslim servicemen might have
to be sent into the forces opposing NATO. U.S.
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decisionmakers should be aware ©f these developments
affecting the Saviet armed forces and attempt to
exploit tham.

The Soviet crisias in hsalth care, as suggested by the
high rates of mortality and alcoholism (and@ more
recantly by the Soviet medical needs in the wake of
the Chernobyl nuclear reactor disaster), might require
the Soviet leadership to pursue transfers from the
West of medical and psychiatric technology, equipmrent,
and skills. Such potential dependencies on the West
could be exploited in return for Soviet concessions
in other areas (e.g., arms control, human rights, arms
transfers).
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ENDNOTES TO APPENDIX D

The term Muslim 1s used to describe people of Arabic, Turkish,
and Persian origin and does not necessarily connote active
religious affiliation or practice. The six republics that are
predominantly Muslim are Uzbekistan, Tadzhikistan, Kirgiziya,

Turkmenistan, Kazakhstan, and Arzerbaydzhan. Although
Kazakhstan 1is about half Muslim and half European,
demographers nonetheless characterize it as Muslim. In

addition, the Russian Soviat Federative Socialist Republic
has a large number of Muslims, mainly Tatars and Bashkirs.

Murray Feshbach, "Trende in the Soviet Muslim Population --
Demographic Aspects,” in :

and Prospects, U.S. Congress, Joint Economic Committee, 1983,
part 2, p. 317.
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APPENDIX B

HISTORICAL EXANPLES
OF XILITARY COMPETITION

J. J. Martin

Military competition is not a phenomenon unigue to the
late twentieth century. There are numercus examples of peacetime
competitive behavior in national security affairs throughout
history. Study of these examples can help understand teday's U.S.-
Soviet long-term military competition.

This appendix summarizes several historical cases and
their lessons for today; the material is developed from William H.
McNeill, it of Power: Technoloqgv, Armed Force. and Societ:
Since A.D, 1000 {Chicago: University of Chicago Press, 1982). Four
cases are examined:

e The rapid rise of the armaments industry in medieval
China and its subsequent dacline.

® The close interaction between military establishments
and private entrepreneurs that started in Europe
during the period 1300-1600.

® The rapid spread of military innovation in Europe
during 1600-1840. '

e The intense interaction of commercial industry and

?giitary establishments in Western Europe during 1840-

E.1 THE ERA OF CHINESE MILITARY PREDOMINANCE: 1000-1500

Around A.D. 1000, the political-economic system in China

changed from a purely command system to one that pernmitted

extensive market-regulated bahavior. The result was a remarkable
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flourishing of industry and armaments that allowed China to
dominate Asia for several centuries. But these new production
patterns eventually broke up as remarkXably as they had risen, due
to changes in government policy and the social context that first
fostered innovation, then subsequently resisted it. Consequently,
by 1500 Japan and Europe had supplanted China as world military
leaders.

Medleval China was governed as a command system, with
centralized political and economic authority administered through
career government bureaucrats. For reasons that are not fully
understood because of gaps in the historical record, cChina's
leaders allowed or fostered conditions that permitted an upsurge
of market-related behavior. But the government command structure
never lost control. When officials allowed it, technoclogical
advances and increases 1in the scale of production and trade
occurred rapidly. When officlal policy changed, economic
conditions shifted with the same rapidity.

During the period of strong market behavior after A.D.
1000 there was a quick rise in China's high technoleogy iron, coal,
and steel industries, cross-bow manufacture, development of large
machines for defending walled cities, and naval shipbuilding. The
ironworking industry of the eleventh century is probably
representative. Major growth in iron production for weapons was
made possible by a ready market (the government), an extensive
network of canals that provided cheap transportation of raw
materials and finished goods to and from family=-run production
centers, and market-determined prices that made it attractive for
families to go into the ironworking business.

Chinese armament technology, government policy that
permitted market behavior in the economy, and the command structure
of government bureaucrats combined at this time to produce
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considerable innovation in armaments. External threats from
barbarian hordes caused the government to reward innovation and to
minipmize obstacles to industrial growth. The city-based, defaensive
character of the Sung dynasty's strategy also encouraged experiment
and innovation with large machines for fixed defenses. The market
economy assured a flow of materials and incentives for skilled
artisans to work in the armaments industry.

But the market economy never displaced the official
bureaucratic command structure and aeventually, as immediate
external threats diminished, officials inc¢reased taxes, reimposed
a command price structure, and increasingly extorted bribes from
merchants and manufacturers, reducing incentives and cau=ing the
armaments industry to decline. The government was the sole market
for weapens and used its monopolistic position to reduce the power
of the merchants and manufacturers. The growing power of these
classes probably was seen as threatening traditional Chinese
values, which were opposed to both the professicnal pursuit of
wealth and professionalized violence. Destruction of the canal
transport system by floods in 1194 and the decision of the
government not to restore the canals also contributed to the
decline of the Chinese armamente industry.

One lesson for today's military competition between the
United States and the Soviat Union is that market forces, if
allowed free rein, can motivate technological innovation for
military applications in a swift and powverful way under the right
conditions. Among these conditions are a vigorous demand for
armaments and the availability of appropriate skills and raw
materials. This observation helps to explain why the more
interesting technological innovatjons come fraom private industries

that are not totally dependent on a single government customer, as
contrasted with service arsenals and laboratories.
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A second lesson is that, when technological innovations
are available, a command political-economic system such as that of
China in the eleventh century and the Soviet Union today can move
these innovations rapidly into the military force structure. This
helps to explain why the Soviet Union, which is technologically
behind the West but has made a sustained effort to obtain Western
technology, has military forces that in many areas are on a par
technologically with those of the West.

E.2 COLLABOCRATION BETWEEN MILITARY ESTABLIBHMENTS AND PRIVATE
ENTREPRENEURES IN EUROPE: 1300-1600

Starting in the fourteenth century, market forces
affected military actions in Europe in unprecedented ways. Through
intense interactions between private entrepreneurs and European
states, the art of war rose to new technological heights: ships
capable of operating in most weather conditions, widespread use of
gunpowder, and rapid advances in cannon artillery for both ships
and armies.

The developnent of cannon artillery is an early example
of obsolescing and cost-imposing actions. When cannon artillery
was introduced in Europe in the fourteenth century, it made castle
walls obsolete as a defense. Within a hundred years, however,
Italian scientists and engineers (including leonardo da Vinci and
Michelangelo) were devising ways to make fortifications better able
to withstand gunfire. By the 15205 the trace jitalienne —-- a type
of fortification composed of earthworks and ditches, with
counterbattery artillery mounted in bastions and outworks -- was
able to resist even the best-equipped attackers. But the cost was
enormous. Only the most wealthy city-states could afford the large
number of cannon and the constructien labor required for the trace
jtalienne. What originally was an obsclescing move -- the use of
cannon artillery -- became over time a cost-imposing action as
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countermeasures were developed in Italy and spread to other parts
of Europes.

The introduction of cannons aboard ships did, howevar,
make permanently obsolete other forms of naval attacks such as
ramming, boarding, and crossbows that were prevalent until the
fifteenth century. From about 1500 until the widespread use of

submarines in the twentieth century, heavy-gunned surface ships
ruled the seas.

Two distinct competitive patterns emerged among private
entreprensurs and Furopean states during the period 1300-1600,
patterns that still characterize to some extent the military
competition today:

e For a periocd of time there would be no technological
breakthroughs. States that had distinctive advantages
in the prevailing military technologies (e.g., natural
resourcee, artisans trained in the requisite skills,
basic manufacturing capabilities) could retain their
competitive advantages by making evolutionary
improvements in the dominant classes of weapon systems

such as crossbows then or armor/anti-armor weapons
today.

e Occasionally, however, there would be radical shifts
in technologies with important military applications
(e.g., gunpowder in the fourteenth ce¢ntury, steam
ships in the nineteenth century, and computers in the
twentieth century) in which other countries had
distinctive advantages, resulting in shifts in the
lead in the military competition. Countries with
foresight positioned themselves to take advantage of
these technological 1leaps forward; for example,
Britain and Anmerica established worldwide coaling
stations in the nineteenth century in order to take
advantage of the steam revolution in naval vessels.

Inhibitions on the rapid transfer of technology among

nations before the sixteenth century reinforced these patterns.

By the seventeenth century, however, political and economic
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conditions in Europe encouraged the rapid spread of technology,
with a resultant increase in the pace of military competition.

E.3 RAPID SPREAD OF NEW MILITARY TECHNOLOGIES IN EUROPE: 1600~1840

Military competition in Europe from the seventeenth
century to the start of the industrial revolution was characterized
by the rapid geographic spread of military innovations. There were
no political barriers to the transfer of technologies among states
and strong market incentives for private entrepreneurs to enter
into commercial ventures that crossed national boundaries, rapidly
spreading new technology. This process was facilitated by the
efficient information exchange network that by then had come into
being in Europe -~ word of mouth, the widespread use of printed
texts, state-sponsored espionage, and commercial intelligence-
gathering for business purposes.

Not only did competition and the free exchange of
information result in technological improvements to weapons --
ships, artillery, and small arms -- but this was also a time of
rapid spread of innovation in military doctrine, organization, and
command and control means. Town militias gave way to hired
professionals in fourteenth century Italy, and a pattern of
political management of standing armies evolved as city-states
emerged as distinct political-economic entities. The Italian
pattern was disrupted by wars with France and Spain in the
fifteenth century, but reappeared on a larger territorial scale in
France, England, and the Low Countries in the 1600s. The northern
European countries expanded on the Italian pattern in two ways —-

systenatic drill of troops and a clear chain of command from king
to the lowest noncommissioned officer.

Russia was as isolated from Western Europe in the
seventeenth and eighteenth centuries as it is today and as

118




dependent on Western technology for military innovation. Impulses
to invent or propogate new weapons in Russia were sporadic and the
conservative bureaucrats that administered military affairs for the
Tsars generally used only proven military methods to satisfy their
superiors. When new weapons or military techniques were shown to
ba successful in foreign armies the Russian administrators then
adopted them. Peter the Great, foreshadowing the current Soviet
importation of Western military technology, used this approach on
a grand scale in the early eighteenth century to remodel and equip
the Russian army along Western European lines. By the end of the
eighteenth century, this army was the main instrument of Russian
expansion into Poland, the Crimea, the Caucasus, and Finland.

But Russia did not keep up with the West in the military
competition of this period. By the middle of the nineteenth
century the superior market flexibllity and resulting rapid
military innovation of Britain, France, Prussia, and other West
European countries raised their economic and military efficiency
to levels that far surpaszed those of Russia. Howaver, the success
of Russia's military-backed expansion in the late 1700s
demonstrated the potency of the combination of Western technology,
Russian natural resources and manpower, and the command political-
econonic system of the Tsars. The United States and its allies

face essentially - this same combination in today's military
competition with the Soviet Union.

E.4 INTENBIFIED MILITARY-~INDUBTRIAL INTERACTION: 1840-1914

The period from the start of the industrial revolution
to the beginning of World War I was one of intense military rivalry
in Western Europe, spurred by the rapid industrialization of
armaments production. This was a time of strong political rivalry
between Britain and France, and later among Britain, France, and
Germany. It was also a time of rapid technological change in the
civil economies of Western Europe that resulted in a stream of

118




military innovations. Moreover, thaere weras no serious barriers to
the spread of wmilitary innovations in Western Europe and no
significant differences in distinctive competences of the main
rivals. Consequently, no single nation maintained a lead in the
new military technologies for long and all felt compelled to keep
up with the others in such major innovations as steam-driven naval
vessels, breech-loading rifles, heavy artillery, and large
battleships.

Left to their own devices, European armies and navies
would have been slow to adopt these new technologies. The routine
of military 1life in the mid-nineteenth century discouraged
innovation in European military establishments. Only when civilian
technology advanced to levels well beyond those of the military was
it possible for far-sighted leaders to overcome official inertia
and incorporate new technology into military systems. One exanmple
is the way that Great Britain finally converted its navy from sail
to steam. Steam vessel technology was developed primarily by
private firms, with little government support in Britain. What
support there was came in the form of subsidies for mail-carrying
vessels, which helped to develop steam technology applicable to
naval vessels without fully committing the Admiralty. Stean
technology matured in this way, but was adopted by the Admiralty
only when France began to develop steam-driven, armored naval
vassels.

A second example is the conversion from muzzle-loading
cannone to modern breech-loading guns manufactured from steel.
The commercial steel industry in Europe made numerous technological
advances and grew rapidly in the last hal? of the nineteenth
century. But the cost of converting state arsenals from iron
foundaries to steel nills was prohibitive, since the arsenals
produced comparatively small numbers of a spacialized product. In
contrast, the major commercial steel industries produced nany
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different civilian and military articles, sold their products
throughout Europe, and bensfited from economies of scale that
government arsenals could not realize. As a result, even in
countries with the most technically proficient arsenals, weapons
made of steel were procured from private manufacturers.

The case of the Woolwich arsenal is instructive. Captain
John Fisher (later Admiral Sir John Fisher, First Sea Lord) became
commander of the naval gunnery school at Portsmouth in 1883, and
tried from this position to make the Woolwich arsenal competitive
with private industry, but failed. Woolwich was not able to meet
Fisher's demands for modern naval guns fast enough, so he began to
contract with private firms for naval ordnance. Woeclwich never
was able to make plant modernization investments on the same scale
as private industries and simply went out of the business of
manufacturing heavy naval weapons.

When Fisher began to use private industry on a large
scale in the late 18008, he introduced a command element into what
had been a market-driven system. The Admiralty began to contract
with private industry for research and development on new weapons,
in contrast to the prior practice of simply drawing on technology
that happened to be available through civil developments. This
command approach: to new military technoleqy, combined with
information on developments in foreign countries and lessons
learned from the performance of navies in the Spanish~American and
Russo-Japanese Wars, produced a number of important advances in
naval forces by the start of World War I, including rapid-firing
guns to counter fast torpedo boats; steam plant improvements for
higher speed (notably the 36~knot destroyer): longer-range,
accurate guns and torpedos; and submarines.

Thus, by the start of World War I the strong interaction
betwean private industries and military establishments that is the
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primary source of military innovation in the West today was largely
in place. The period 1840-1914 illustrates the inportance of
having vigorous private industries with extensive market-driven
civil innovations if a Western country is to achieve rapid
technological improvements in the military area. It also
illustrates the added benefits that a government command approach
to direction of private research and development can have, provided
that the government command system is driven by specific
competitive goals and is not impeded by bureaucratic inertia.

Another lesgon from this brief examination of trends in
Europe in the half century preceding World War I is the lmportance
of distinctive national competences and barriers to rapid diffusion
of technology among competing nations. If technology diffusion
barriers are in place or some nations are able to utilize
technology for military purposes far more affectively than others,
the result can be a stable period in which some nations dominate
the military competition, as in fourteenth century Italy. With
rapid diffusion of technology among rivals that utilize technology
with comparable effectiveness and efficiency, the result can be
considerable expenditures on new weapons with no clear advantage
to any nation except to keep up with the others, as was the case
with Britain, France, and Germany in the late nineteenth and early
twentieth centuries.

This is not to say that the European arms race in the
late nineteenth and early twentieth centuries was without utility.
While racing with one another, Britain, France, and Germany
achieved strong competitive advantages over othaer parts of the
world and conseguently were able to expand significantly their
colonial empires. Moraover, the failure to keep up with one's
rivals can ba catastrophic, as was the case when Britain and France
did not keep pace militarily with Germany when it rearmed in the
1930s.,
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E.5 GENERAL OBSERVATIOMS

In addition to the spacific lessons of each of the cases
summarized above, this historical review suggests two observations
about military competition in general. One is that the state of
a nation's technology is determined primarily by economic,
political, and social conditions, not by military investments.
Military policy affects the speed and efficiency with which the
technology of the civilian economy is incorporated into forces and
weapons; and military organization and doctrine condition the
effectiveness of technological innovation for military purposes.
But nilitary demand is not the primary determinant of the level or
nature of a nation's technology.

This observation implies that, if a country's military
establishment is to compete effectively with its rivals, the
military should understand the current trends in technology and
position itself to take advantage of important trends as they
materializa. This positioning will generally result in
evolutionary changes to weapons, sensors, organization, and
doctrine as new technology becomes available. More importantly,
however, broad trends in the civilian technology will occasionally
make possible radically new weapons, sensors, or c1 sBystems.
Nuclear weapons, cr satellites, and stealthy delivery vehiclas are
recent saxamples. It is particularly important, in order to compete
effectively, that military establishments be able to identify such
technological opportunities early, to weed out unpromising or low-
leverage technologies, to concentrate on the one or two high-
leverage technological opportunities that can really make a
difference in the competition, to move these technologies rapidly
into deployed weapons, sensors, or C'I systems, and to make the
appropriate organizational and doctrinal changes needed to utilize
these high-leverage technologies to best advantage.
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The second, and concluding, obsarvation is a aimple one,
but vital to kxeep in mind when planning competitive strategles and
actions: there is no permanent advantage in the long-term military
competition. The game has been one of adroit management of
innovation since at least medieval times -- fostering innovation
in one's own military establishment and impeding or offsetting the
innovation of one's rivals.
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APPENDIX ¥

CONTEMPORARY LESSONS FJOR THE U.8.-SOVIET MILITARY
COMPETITION FROX NBC-68

Joseph Fromm
F.1 INTRODUCTION

The first national strategy paper related to the long-
term U.S.-Soviet military competition was NSC-68. In formulating
strategies for the military competition with the Soviet Union,
there is much we can learn from the history of NSC-68B since that
document, produced in April 1950 by the State Department’'s Policy
Planning Staff under the direction of Paul Nitze, sought for the
first time to define a comprehensive security policy for the United
States,

In attempting to discover contemporary laessons in the
NSC-68 enterprise, it is essential to separate historic wheat from
chaff and establish the facts about the purpose of the study and
its actual impact on the course of U.S. security policy. First,
even though it was written in a rather shrill and polemical
fashion, it was ‘not intended as a clarion call to arouse a
complacent populace to face a dire Soviet threat to the nation's
gecurity. Rather it was a classified document with a narrow target

audience at the top of the government: no more than ten to fifteen
policymakers, according to Nitze.

There is no question that the real target audience was
one individual: President Truman. A principal objective of Nitze
and his tear was to convince Truman that the imperatives of
national security required him to abandon the administration's
$12.5 billion ceiling on defaense spanding and undertake a major
military buildup at an annual cost of approximately $40 billion.
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Therefore, while NSC-68 may offer insights into strategy for
influencing the policy-making establishment, it provides little in
the way of prescriptions for influencing broad public or
congressional opinion on security issues.

A second that should be noted to put the lessons of NSC-
68 into proper perspective: while U.S. defense spending actually
did soar to $40 billion and beyond by 1953, this cannot be
attributed to the impact of NSC-68. It was the direct result of
the Korean War, which forced the hand of an administration
reluctant to increase military spending and uncertain whether it
was really necessary or desirable. Indeed, without the Korean War
-- and the assumption that the Communist attack in Asia was a
possible precursor to Soviet aggression in Europe -- it is
questionable whether the mobilization recommended by the document
would have been undertaken at that time or supported by Congress
and the public. In short, NSC-68 casts little light on one of the
most difficult problems confronting the American government gince
World War II -- how to sustain support for adeguate levels of
defense spending without a war or crisis.

Finally, whatever the direct impact of NSC-68 itself,
the basic purpose of the document's author's was achieved in that
the nature of the Soviet challenge and the American response were
defined essentially in military terms. National security became -
- and remains today -- a central and enduring feature of American
political life as the culmination of a process that started with
the Truman Doctrine, the Marshall Plan, the formation of NATO, and
the conmitment of American forces on the ground to the defense of
Western Europe.
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F.2 CHALLENGE AND RESPONSE DEFINED

As gpelled out by NSC-68, the Soviet threat to the United
States and the noncommunist world generally was stark, implacable,
and certain to grow even more dangerous as Russia aexpanded its
nuclear arsenal. Bent on world domination, Moscow, in the terms
of the document, saw America as the greatest immediate obstacle
standing in the way of that goal and alaoc "the only power which
could release forces in the free and Soviet worlds which could
destroy it."™

If the Kremlin could bring about America's downfall in
a single blow, the paper held, it might well attempt to do so. A
surprise nuclear attack on the United States was seen as a distinct
possibility if and when the Kremlin calculated it had adequate
atomic capability.

NSC-68 projected a rapid buildup of a Soviet nuclear
arsenal that was virtually nonexistent in early 1950. The buildup
would endanger the very foundations of America's policy of
. containment i1f Washington failed to respond effectively to preserve
overall military superiority. To gquote: "Without superior
aggregate military strength, in being and readily mobilizable, a
policy of ‘containment' -~ which is in effect a policy of

calculated and gradual coercion -- is no more than a policy of
hluff.»

To meet the Soviet challenge and avoid potential disaster
for the West, NSC-68 callad for a more rapid buildup of free world
political, economic, and military strength than was contemplatad
at that time. Politically the paper argued that the United States
should pursue policies and actions calculated to foster a

fundamental change in the Soviet system, but offered no concrate
strateqgy.
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It also called for "dynamic steps to reduce the power and
influence of the Kremlin inside the Soviet Union and other araeas
under its control.... Such action is essential to engage the
Kremlin's attention, keep it off balance and force an increased
expenditure of Soviet resources in counteraction. In other words,
it would be the current Soviet cold war technigue used against the
Soviet Union."” But, again, no concrete proposals were offered for
pursuing such a policy.

The primary focus of the paper's strategic
recommendations centered on the imperative need for a quick, large-
scale U.S8. military buildup, conventional and nuclear. While
discreetly omitting mention of a figure, Nitze's team privately was
thinking in terms of at least a three-fold increase in the $12.5
billion defense budget. At the time, this was generally deemed to
be a wildly unrealistic goal.

NSC-68 argued that a large-scale expansion of allled
conventional strength was essential in order to reduce excessive
reliance on nuclear weapons. At the same time, it maintained that
the United States must expand its nuclear capability to preserve
an effective retaliatory capacity and to put off the day when the
Soviets might be tempted to calculate the advantages of a surprise
attack. This was to gain time for the implementation of policies
aimed at modifying the Soviet system.

¥.3 TEST OF A POLICY

How has NSC-68 stood up to the test in the four decadas
that have passed since it was written? The document's central
thesis focusing on an enduring Soviet challenge and the need for
a strong, sustained defense to meet it has remained valid.
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But a number of other bagic diagnoses, prognoses, and
recommendations have turned out to be somewhat more controversial
in light of international developnants over the past three decades.
Parhaps the most noteworthy among these was the assumption that the
loss of “superior aggregate military strength® by the United States
would inevitably nullify the policy of containment. In the past
twenty years the overall strategic balance has shifted to the
extant that America can no longer claim to possess "superior
aggregate military strength." While retaining conventional
military superiority on the Eurco-Asian land mass, the Soviets
achieved strategic nuclear parity with the United States. VYet,
containment has proved to be an effective policy in Western Rurope,
which today enjoys an exceptional degree of stability, and has
resulted in the loosening of Moscow's control over Eastern Europe.
This is not to suggest that the unfavorabla shift in the strategic
balance has had nc effect on the policy of containment, but rather
to question the implied arqument of NSC-68 that containment has
become nothing more than "a policy of bluff." The 1issue of
contaimment and strategic supariority has proven to be more conplex
than the document indicated.

True, in the 19708 the Soviet Unlon did make gains in the
Third World -- Angola, Somalia, Ethiopia, Aden -~ through the use
of military power employed indirectly in the form of arms aid,
advisors, and Cuban combat units. Moscow's increased capacity for
power projection doubtless played a part in these gains, but a more
significant factor was the Vietnam-induced military paralysis in
the United States throughout the 1970s. It is noteworthy that the
Soviets made no advances in the 1980s, a periocd when an American
"window of vulnerability" was supposed to create a "“window of
opportunity® for Russia.

Another feature of NSC-68 that has proved to be more
controvarsial than one might have expected in 1950 is the case that

&«
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the document advanced for a major increase in conventional military
strength to radically reduce dependence on nuclear weapons. No
less a military figure than President Eisenhower led the challaenge
to that argument with the assertion: "Two pore divisions or ten
more divisions on our side would not make much difference against
the Soviet ground force." In 1956-1957 his administration won
approval -- reluctant to be sure —-- of the European allies for a
new concept calling for early and extensive use aof nuclear weapons
to stem a Soviet attack against Western Europe.

Since the Eisenhower years the case for increasing NATO's
conventional strength and reducing its dependence on nuclear
weapons has been revived. In the 19808 it was espoused with
increasing passion due to the rise of a popular antinuclear
movement in both the United States and Western Europe and growing
concerns about the impact of strategic parity on extended
deterrence. But it should be noted that the most vociferous
advocatas of eliminating or reducing reliance on nuclear weapons
in the defense of the West are not necessarily among the proponents
of a significantly increased conventional military capability.
There was little enthusiasm among allied leaders in Europe for a
conventional buildup that would have entailed substantial costs
and, in their minds, might have weakened rather than strengthened
the credibility of the American nuclear deterrent.

In terms of competition strategies, one point is worth
making: NSC=68 indirectly alluded to an approach to the struggle
with Moscow where action is to be taken to foster a fundamental
change in the nature of the Soviat system and to undermine the
power and influence of the Kremlin inside the Soviet Union and in
other areas under its control. There was no elaboration on what
form this action might take. Efforts since 1950 to develop such
policies made relatively little headway -- at least until support
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appeared in recent years for anticommunist guerrilla movements in
Afghanistan and several communist-controlled Third World statas.

Some success has been achieved by the United States and
its allies in COCOM to control the transfer of strategically
important technologies to the Soviet bloc. But beyond that it has
not been possible to obtain an effective consensus within the U.S.
governnent or among the allies for strategies calculated to weaken
Soviet power, for example through economic measures such as limits
on credits. As a member of the National Security Council staff in
the Reagan administration, Professor Richard Pipes pressed
unsuccessfully for precisely the type of strateqgy advocated by NsC- _
68 —— one designed to deny economic help to the Kremlin and thereby
force it to accept changes in the system as the only escape from
a worsening crisis.

As for strategies calculated to weaken Soviet power in
the satellite empire, a brief flirtation with the concept of
rollback in Eastern Europe in the 19505 ended in the wake of the
1956 Hungarian uprising. This short-lived revolt demonstrated the
limits of America's capacity to influence events in that region in
the face of a determined assertion of Soviet military powar. What
evolved was a policy that acknowledged the danger of encouraging
revaolt in the satellites while emphasizing change through peaceful
means. This policy has, of course, been vindicated by the sudden
dissolution of the Soviet empire in Eastern Burope.

Outside the Kremlin's Eastern satellite empire, the
United States, since the 1979 Soviet invasion of Afghanistan, has
increasingly pursued a strategy aimed at preventing Soviet-backed
communist regimes from consclidating their control and at
maximizing the cost to Moscow of keeping these regizses in power.
Aninistration officials emphasized that this must be viewed as a
leng~term strategy and that quick victories were not to be
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expected. The objective basically was to challenge the Brezhnev
Doctrine's claims that communist advances are irreversible. This
objective seems to have been achieved when the Soviets withdrew
from Afghanistan.

The Kremlin has not been immune to major power setbacks
in other areas as well. In fact, a significant shortcoming of NSC-
68 was its exaggeration of Moscow's long-term ideological appeal
in the developing world and of the Communist party as an ingtrument
of international power and influence. The evidence is to be found
in the disintegration of a once-monolithic world Communist
movement, China's break with Moscow, and the widespread Third World
disillusionment with the Soviet model for industrial development.

The most striking feature of the period since the
appearance of NSC-68 is what Professor John Lewis Gaddis recently
characterized as "the long peace" -- the fact that Soviet and
American military forces have not engaged each other directly in
hostilities despite recurrent crises that in other times would have
almost inevitably led to war. Gaddis attributes the long peace in
part to the unparalleled destructiveness of nuclear weapons. "The
developmant of nuclear weapons has had, on balance, a stabilizing
effect on the postwar international system,” he writes. "They have
served to discourage the process of escalation that has, in other
eras, too casually led to war."™

In this, Gaddis challenges a basic premise of NSC-68:
that "the existence of two large atomic capabilities in such a
relationship (with Moscow taempted to launch a surprise attach when
it had sufficient atomic capability) might well act ... not as a
daterrent, but an incitement to war."
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P.4 VWHAT LESSONS FOR AMERICA?

The most important lesson to énerge from an analysis of
the strategic world envisaged in NSC-68 and the world that actually
has unfolded involves the role of nuclear weapons in international
relations as defined by the Nitze tean.

Either containment is not the policy of bluff that NsC-
68 predicted it would become with the loss of “superior aggregate
military strength™ by the United States or, if it is, the Soviets
have failed to call America's bluff as the NSC document suggested
was most likely if and when Moscow gained a strategic advantage.

While the Soviet Union probably could have claimed to
possess "superior aggregate military strength" in the late 1970s
and early 1980s, the Kremlin's behavior was not significantly
bolder when it came to risking confrontation with the United
States. The Kremlin moved in the 19708 in remote Third World areas
when it was satisfied that a traumatized America did not have the
stomach to respond. But greater restraint was evident in the 1980s
with the revival of American self-confidence.

Soviet behavior over the period when the strategic
balance was strongly moving in Russia's favor suggests two
conclusions. First, Moscow's perception of America's military will
may be as important as theoretical calculations of the strategic
balance. Second, to quote Paul Nitze himself, "the Soviets have

suddenly realized there are very strenuous limits on what you can
do with nuclear powar."

In light of this analysis, what is clearly needed is a
far deeper understanding than has yet been achieved of the role and

utility of military power and the peychology of the superpowers
with respect to conflict in an era of massively destructive nuciear
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weaponry. Some of the basic premises of NS8C-6&8 =- premises that
still are widely accepted as the basis for strategic planning --
seem to reflect pre-nuclear era thinking about force and
international relations and do not adeguately take into account the
profound and still-increasing impact of modern nuclear arms.
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APPENDIX G
THE U.B8.-80VIET ICBEN LONG-TERM COMPETITION

Joel Beangston

The competition in intercontinental ballistic missiles
(ICBMgs) has strong interactions with the broader U.S.-Soviet
competition in the entire range of strategic forces. Strategic
force posture; in turn, interacts with broader issues of national
policy. Nevertheless, an ICBM case study (with reference, as
appropriate, to broader issues) is of interest since:

1. The ICBM competition is hiqhly visiblae. The potential
destructive power of ballistic missiles is enormous.
We have reasonably accurate knowledge of the types of
missiles deployed and under development on both sides
and can count deployed missile launchers. (There can,
however, be some uncertainty as to which "MOD" is
deployed in a given Soviet launch facility.)

2. We have detailed knowledge of the decision- making
process and events in the United States. Nevertheleass,
the pluralistic nature of the decision-making process
in the United States implies that it is often
difficult to isolate the reason for a specific
decision. Our knowledge of specific aevents in the
Soviet decision-making process is obviously much less,
but key events in the development, testing, and
deployment of Soviet ICBMs are in the main observable.

These observations have been used to infer likely
decision points.

3. This has been a rapidly evolving competition. ICBM
weapon systems were only a dream forty years ago (said
by some to be an impossible dream, because of doubts
about possible accuracy). Since then, however, they
have gone through several generations of development
with rapid technological changes, and have now reached
maturity (some would say obsoclescence, in view of the
evolving vulnerability to attack).

4. The ICBN competition is one of the most important
igssues in the arms control arena. Arms control will
certainly continue to be an important political issue,
nationally and internationally.
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Evaen the most superficial comparison of U.S. and Soviat
behavior in this area of competition would conclude that there has
been a substantial asymmetry in the decision-making processes
because of the differences between an authoritarian regime and a
democratic, pluralistic socliety. Appendix I ("U.S.-Soviet Long-
Term Military Competition: Soviet ICBM/ABM Developments") provides
a self-consistent view of Soviet decisions and actions as inferred
from comparative analysis of Soviet public statements and U.S.
observations of actual testing and deploymnents. The ovarall
impression is that the Soviets have had a much more consistent and
deliberate development and deployment program, responsive to their
perceived long-range national political and military goals. There
appears to have been a consistent emphasis on supporting
requirements for nuclear warfighting. on the other hand, U.S.
strategic policies have been dominated by civilian officials of
relatively short tenure. These U.S. officials have in general
accented the deterrent value of nuclear weapons rather than the
warfighting aspect. The importance of a counterforce capability
as part of deterrence has been an issue within the U.S. government
as well as outside. Given this lack of long-term consensus, the
apparent inadequacy of the U.S. ICBM force for nuclear warfighting
is not surprising. Examination of this competition may provide
some clues to help in establishing a long-term U.S. strategy for
development, procurement, and use of strategic force.

G.1 BACKGROUND AND EARLY HISTORY

By the end of World War II the German ballistic missile
program had resulted in development of a short-range ballistic
missile (the V-2) that was used to attack Britain. Most of the
leading German scientists and engineers from Peenemunde, the German
R&D center, fled to the United States, but some were brought to the
soviet Union and tha Soviets started their ballistic missile
program on the basis of German technology and some pre-World War
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II Russian tasting. There is some evidence that the Soviets
decided, at lesast in principle, to build a mimesile that could be
used as an ICBM and a space-launch vehicle as early as 1947, though
the specific decision to develop their first ICBM (the S55~6) was
made in 1953.

A key event in this chronology is the first Soviet atomic
test in 1949, ending the U.S. nuclear monopoly. In the following
year the NSC-68 study led by Paul Nitze emphasized the seriousness
of the potential Soviet nuclear threat and advocated substantial
increases in both conventional and nuclear armaments. The Korean
War began in 19%0, and as a result the U.S. defense budget was
tripled, including substantial funds for buildup of U.S. strategic
farces.

The first U.S. ICBM development program (the Atlas) was
initiated in 1954, based upon the development of inertial guidance
of a few miles' accuracy and the invention of the hydrogen bomb.
This combination was clearly adequate for urban-industrial
targeting. Though large fission bombs could have been used for
attacking large soft targets, the bomb weights required would have
been much greater than with the H-bomb. It iz alsco worth noting
that the policy of massive retaliation was enunciated by Secretary
of State John Foster Dulles early in 1954.

¢.2 CHRONOLOGY SINCE 1955

G.2.1 1956

In the United sStates a high priority air force
davelopment program began, including the Titan ICBM and the Thor
intermediate-range ballistic missile (IRBM). Polaris design
studies were also started by the U.S. Navy.
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In the USSR the Soviets probably decided because of
technical inadequacies to limit the deployment of the S55-6 ICBM
(less than ten were eventually deployed), to initiate development
of their second gensration ICBMS, the S8S-7 and 8S-8, and to
accelerate the development of their S5-4 medium-range balliptic
nissile (MRBM) and SS-5 IRBM.

G.2.2 1957

The USSR tested the 5S-6 ICBM and put the first Sputnik
into orbit. sSputnik had the effect of wakening the U.S. public to
the technical capabjlities of the USSR.

Within the U.S. government the Sputnik launch, coupled
with Kruschev's prior bragging about the Soviet ICBM program, gave
rise to intelligence projections of a rapid buildup in the Soviet
ICBM force. The U.S. ICBM program actually had more momentum, but
the notion of a missile gap gained public credibility and
eventually became an issue in the 1960 presidential election.

G.2.3 1958

Minuteman development was initiated, with two competing
concepts for survivability: hardened and dispersed (silo based) and
rail mobile. In conformity with the Dulles massive retaliation
doctrine, there was a requirement to launch in salvos of fifty
missiles.

G.2.4 1959
The Soviets initiated development of their third

generation of ICBMs, the SS-9, SS-11, and 88-13, plus othersa (88~
¥x-10 and S8-X-15) not carried through to production.
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G.2.5 1960

The Soviet 88-6 ICBM becase operational, as did the firat
U.5. ICBM, the Atlas D. The circular error probable (CEP) for each
was about one nautical mile. The first Polaris submarine became
operational.

The U.S. Senate began hearings on the missile gap in
Novembar. There were estimates of Soviet ICBM deployments much
greater than those of the United States based essentially on
astimating factory output; these estimates were a mnatter of
contention both within the intelligence community and the
government in general. Gary Powers had been shot down in May,
bringing U-2 surveillance to a halt before it had surveyed enough
of the Soviet Union to allow certainty about the extent of Soviet
ICBEM deployments.

The Soviet Strategic Rocket Force was established.

G.2.6 1%61

The U.8. Atlas E and ¥ and Titan I ICBMs becane

operational, deployed in hardened silos and significantly expanding
the U.S. ICBM force.

The Soviets tested a fifty-eight megaton nuclear weapon
and Khrushchev announced Soviet possession of a hundred megaton

boxb. There was, however, no evidence of a delivery system for the
latter.

Sufficient U.S. satellite reconnaissance became available
to determine that a missile gap did not exist.
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G.2.7 1962

The Soviet SS-7 ICBM became operational, in both soft and
Bilo configqurations.

The Cuban missile crisis occurred. There is a popular
view that the Cuban missile crisis provided a significant impetus
to the Soviet ICBM program. However, because of closed Soviet
decision-making, no specifics are identifiable. It is likely that
the Cuban missile crisis was an interim move to compensate for the
Soviaet lag in ICBEM deployment.

Minuteman I became operational in a silo mede. The rail-
mobile version was cancelled as less attractive, with higher

operationsal and maintenance costs.

The advanced ballistic reentry system (ABRES) progranm
wae initiated in the United States to develop penetration aids to
defeat potential Soviet antiballistic missile (ABM) systems. This
program may have affected the Soviet view of the effectiveness of
ballistic missile defense (BMD), but it was not emulated by the
Soviets.

Soviet SS~9 ICBM flight tests began. The S5-9 had a
large throw weight (over thirteen thousand pounds), with a warhead
of twenty megatons or more. Flight tests revealed a lower CEP (0.5
nautical miles) than any previous Soviet ICBM. The combination was
strong evidence of a design responsive to a Soviet requirement for
a hard-target kill capability. As the SS-9 deployment proceeded,
the United States postulated that the SS-9s8 were targeted against
the one hundred Minuteman launch control facilities, plus other
hard targets. The potential payoff of complete disabling of the
Minuteman force with 200 SS-98 was negated by U.S. development of
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an airborne launch control capability and increased internetting
batween the Minuteman silos and launch control facilities.

G.2.8 1963

Titan II became operaticnal (silo-based, with a multi-
megaton warhead). The Soviet SS-8 became operational in silos.

The U.S. Air Force was directed to develcp a small
reentry vehicle (RV) and to propose means of deploying these Mk-12
RVs from Minuteman to permit coverage of separate soft targets.

G.2.9 1964

The U.S. Minuteman force was frozen at 1000. The initial
goal had bean 1200; this had been increased to 1300 in 1962 to
cdnpnnnte for cancellation of S8kybolt. Secretary of Defense
McNamara presented an argument that about 400 nuclear explosions
would cause "unacceptable” damage to the USSR. U.5. studies
indicated that 1000 missiles =should assure the delivery of 400
warheads. The Polaris A-3 multiple reentry vehicle system was
introduced into the submarine-launched ballistic missile (SLBM)
force (with penetration aids) to enhance penetration and improve
coverage of soft area targets.

G.2.10 1965

The multiple, independently-targetable reentry vehicle
(XIRV) concept, first espoused in the United States as a possible
Soviet threat to U.S. ICEMs, was adopted for both the Minuteman ITI
ICBM and the Poseidon SLBM. These decisions were influenced both
by a desire to hedge against ABM developments in the Soviet Union
{(the Moscow system, plus SAM upgrades) and a desire to increase
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soft target coverage. The yield and CEP design parameters for both
systems were inadeguate for destroying hard targets.

Soviet SS-11 flight tests began. The SS-11 was to be
deployed in hardened silos.

The U.S. Atlas and Titan I ICBEMs were phased out bacause
of their high cost and relative vulnerability to attack.

G.2.11 1966
The first Minuteman ITI ICBM was activated.

The Soviets approved a plan to develop a fourth
generation of ICBMs: S5-16, SS-17, SS-18, and S5-19. The §5-16 was
a single-RV, solid-propellant missile system intended for both silo
and mobile deployment. The $S-17 was to be deployed in hardened
silos and was designed to ride out a first strike in its silo and
- respond against time-urgent targets. The SS-18 and SS-19 were
designed to be hard-target attack missiles with good accuracy. All
ware MIRVed with the exception of the $8-16, which had a postboost
vehicle, but only a single RV. This generation of weapons was
designed to be cold-launched (except for the SS-19), making it
possible to put a larger missile in a given diameter silo, thus
decreasing silo cost. Moreover, cold launch makes it easier to
reload silos quickly.

G.2.12 1967

The Soviets flight-tested the 85-9 Mod-3, a fractional-
orbit bombardment system (FOBS). This was a counter to U.S. early
warning radar systems. They proceeded to deploy the system, even
though its launch was detectable by other means such as satellite~
based infrared detectors.
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The U.S.-Soviet outer space treaty was negotiated,
banning placement of weapons of mass destruction in orbit.

The Soviet S55-9 Mod-1 ICBEM bkecame operational. Thea
appsarance of a three-warhead version of the 55-9, designated by
the West as the Mod 4, provoked serious discussions of the
survivability of U.S. land-based ICBMs, with arguments as to
whether or not the 55-9 was MIRVed and about its accuracy. The S8S-
9 Mod 4 had threa multiple reentry vehicles that were not
independently targetable. It was eventually concluded that the
accuracy of the S$8-9 Mod 4 was too poor to represent a stressing
threat to the hardened U.S. ICBM force.

The U.S5. Strat-X study recommended hard rock silos and
land mobility as basing modes for ICEMs. This study also proposed
what later became the Trident SLEM system.

G.2.13 1968

The first U.S. MIRV flight tests (Poseidon and Minuteman
I1XI) were conducted.

G.2.14 1969

Development and deployment of the Safeguard ABM systenm
for defense of ICBMs was approved and initiated as a substitute for

the Sentinel system previously proposed as defense against Chinese
or accidental Soviet launches.

The Helainki Strataegic Arms Limitation Talks (SALT) talks
began.
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G.2.15 1971

MIRVed Minuteman III and Poseidon C-3 nissiles became
operational.

G.2.16 1972

The SALT I ABM Treaty was signed. Significant ABM
limitations, as modified in 1974, allowed the United States a
system with one hundred interceptors for defense of one ICEM area
and the Soviet Union a system with one hundred interceptors for
defense of the Moscow area. The companion interim agreement on
strategic offensive forces froze the numbers of U.S. and Soviet
ICEMs at roughly their then-existing levels. This included those
under construction as of July 1, 1972; the Soviets were allowed to
destroy up to 210 older ICBM launchers and replace them with SLEMs.
The agreement did not put any limitations on MIRV development (the
United States was in the middle of Minuteman III deployment) or on
ICEM throw weight. The agreement froze the number of heavy ICEMs,
but the United States failed to put a size limit on light ICBMs
because of strong Soviet objections.

In retrospect, this agreement illustrates the ability of
the Soviet bureaucracy to protect its planned force improvements
with ambiguities in arms control agreements combined with program
secrecy. The protocol to the interim agreement stated that the
dimensions of silos could not be increased "significantly," and a
common understanding equated that to 10-15 percent. A 15 percent
increase in all three dimensions of a =ilo would mean a 50 percent
increase in volume. The United States made a unilateral statement
that any ICBM with a volume "significantly greater" than the
largest then-operational light ICBM (SS-11) would be a heavy ICBN,
but no agreement could be reached as to the meaning of
ngignificantly greater”. The §5-19 (under development in 1972, and
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firat flight-tested in 1973) turned out to bas at least 50 percent
heavier than the §5-11, with about five times the throw weight.

The United States continued deployment of Minuteman III
to a total of 550 MIRVed ICBMs, while the Soviets continued
development of its fourth generation ICBMs, including the S58-17,
58-18, and S5-19, all of which turned out to have MIRVad versions.
They initially had accuracy problems with the S8-18 and to a lessaer
extent with the §§-19. Howaver, the S$S-18 Mod-4 and SS-19 Mod-3
appear to have overcome those problems, and appear to have a
significant hard-target capability.

G.2.17 1971

The Soviets made their first MIRVed ICBM flight test
(S5-19).

G.2.18 1974

The Vl1adivostok agreemant between President Ford and
General Secretary Brezhnev provided the framework for new SALT
agreema@nt: 2400 strategic nuclear delivery vehicles (SNDVs) and
1320 MIRVed missiles. This agreement had no perceptible effect on

the continuing Soviet development and deployment of fourth-
generzation ICBMs.

The United States embarked on full-scale engineering
developmant of the MX nissile, conceived as a large, ten-
warhead nissile. MX missile development was initiataed without an
agreement on its basing mode. The search for a viable basing mode
was complicated by both technical difficulties and the interaction
with the ongoing arms control process. In particular, there was
a4 strident arqument about the verifiability of missile counting in
various basing modes if the Soviets were to adopt these modes. The
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Strat-X hard rock silc was abandoned because of concern about its
technical feasibility. The Strat-X road-mobile option appeared
vulnerable unless the missiles were sheltered to increase their
hardness because there was not enough deployment area avallable on
U.S. military reservations to pravent destruction by area barrage.
A trench-mobile option was pursued for some time, but suffered from
serious technical and cost problems. An air-moblle option also
suffered from cost and survivability problems. As the SALT II
discussions proceeded, the Carter administration settled upon a
Multiple Protective Shelter (MPS) scheme invelving on the order of
twenty aim points (shelters) per MX missile. This option required
extensive construction on government land in the Southwest, and
strong local opposition was encountered.

G.2.19 1975

The Mk-500 maneuvering reentry vehicle (MaRV}, designed
to evade enemy ABMs, was flight-tested. This vehicle, though not
deployed, illustrates one facet of the superiority of U.S.
strategic missile technology.

G.2.20 1979

The SALT II agreement was signed in Vienna. It called
for a cut in strategic nuclear delivery vehicles to 2250 plus a
complex of sublimits representing no substantial cut in Soviet
forces and consistent with U.S5. plans to deploy MX. The agreement
had two provisions whose ambiguity led to persistent U.S. charges
of Soviet violaticns: the first was a limitation of each side to
one new type of ICBM, coupled with a definition of "new type"
allowing modernization changes of up to 5 percent in wvarious
observable parameters of any ICBM without its being considered a
new type; the second ambiguity was an agreement not to encrypt
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telemetry “whenevar such denial impedes verification or
compliance."

G.2.21 1980

President Carter asked the Senate to defer ratification
of the SALT II agreement because of the Soviet invasion of
Afghanistan. Ronald Reagan announced his opposition to both SALT
II and MPS deployment for MX.

G.2.22 1981

The new Reagan administration abandoned MPS, planned
initial deployment of thirty-six MX in existing ICBM silos, and
started a search for a new basing scheme.

G.2.23 1982

Strategic Arms Reductjion Talks (START) began. The
proposed “Dense Pack" basing for one hundred MX silos was

.announced.

G.2.24 1983

The U.S. Catholic bishops called for a nuclear freeze.
“Dense Pack" basing was rejected by Congress. The Scowcroft
Commission recommended deployment of one hundred MX missiles in
Minuteman silos, plus development of a small, mobile, single-
warhead ICBM dubbed "Midgetman." President Reagan announced the
Strategic Defense Initiative (SDI).
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G.2.25 1986

Gorbachev and Reagan met at Reykjavik and failed to agree
on START provisions. Tentative agrsement was reached on both
intermediate nuclear force (INF) and ICBM cuts, but Gorbachev
insisted on linking the agreements to limitations on the U.S.
Strategic Defense Initiative. President Reagan approved U.S.
strategic force deployments at levels above the unratified SALT II
limit.

At this point, administration plans for deployment of a
significant number of MX missiles are being held hostage by the
congress, and the future is clearly uncertain. At the same time,
the Soviets are deploying their fifth-generation ICBMs. One
missile, the SS-25, is a road-mobile, solid propellant, single-RV
missile about the size of Minuteman. The Soviets have so far
stayed within SALT II 1limits by dismantling S8-11 sileos to
compensate for S5S-25s deployed. A second, the ss-24, is a solid
propellant ICBM being deployed in both rail-mobile and silo modes.
In addition, a follow-on or modification of the §S-~18 appears to
have been flight-tested. The Reagan administration considered both
the SS-24 and SS-25 as "new types,"” and thus that the Soviets
violated the Salt II provision limiting each side to one new type
ICBM. Table 1 lists the 1988 ICBM balance, according to official
U.S. figures.

Table G-1. Current ICBM deployments.

United

Btates USSR
Missiles 1000 1400+
RVs 2100 6400
Throw Weight 2 11
(millions of
pounds}
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In exanining this gross disparity, we should remember that the

other two legs of the U.S. Triad are currently superior both
technically and by xost numerical measures to their Soviet
counterparts,

It appears unlikely that the Soviets will quickly abandon
s8ilo basing, even though the new mobile mimsiles appear to be a
reaction to their perception of increasing U.S. hard-target
capablility (particularly with MX, but also with Trident D-5).
However, the fixed ICBM force is evidently superior in executing

a hard-target attack, including the case of preemptive
counterforce.

G.3 POSSIBLE LESSONS

Among the observations that can be made from examining
the chronelogy are the following:

1. The Soviet military-political bureaucracy may be
ponderous, hut appears remarkably effective in continuing
to turn out new ICBM hardware whose purpose can be
identified as the direct support of Soviet military
requirements.

2. There is considerable evidence, as discussed at length
in appendix I, that the Soviets have consistently pursued
a nuclear warfighting strategy, including the option of
damage-limiting preemption.

3. Soviet inferiority in technology development appears to
be compensated for by greater throw weight, as well as
importation of U.S. technology whenever possible.

4. The arms control process has not impeded the Soviet
program of substantial improvement of theixr ICBM force,
and there is every indication that Soviet wmilitary
Planners successfully manipulate the proceas to protect
planned developments. There are several examples of
Soviet exploitation of ambiguities in the agreements.

5. The United sStates has a strong ICBM technology
development program and has been quicker at turning this
technology into missile systems, at least through the
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deployment of Minuteman YII. The most~quoted axamples
are in missile accuracy and MIRV development. It is also
believed that U.S. strategic warheads have a higher
yield-to-weight ratio, but this advantage is offset by
higher Soviet throw weight. The U.S. technology base in
ICBM penetration aids is also superior.

6. The Soviets appear to have done a better job in silo
hardening. The United States started in the lead with
Minuteman silos, but modern Soviet silo designs appear
to be superior. The Soviet cold-launch development is
an inventive way to put more weight into a given silo
diameter.

7. It ig difficult to see a simple reactive behavior on the
part of the Soviets. The United States may have been
first with some concepts -- the MIRV appears to be one.
The Soviets appear, hovever, to pick and choose
technology options to fit their needs, and in at least
one case (the FOBS) were first to put a useful concept
into a quasi-operational state. Nor have they invested
heavily in nonlethal penetration aids (MaRVs, decoys,
chaff, etc.), despite cbserving the long-standing U.S.
ABRES program and despite their (and our) interest in
ballistic missile defensa.

8. The United States is substantially inferior to the Soviet
Union in ICBM force size and throw weight, though
probably superior in some technical characteristics, such
as CEP. There is no clear U.S. consensus as to how to
address this problem.

G.4 ANBWERS TO BUBSTANTIVE QUESTIONS AS INFERRED IN THIS CASBE

The following paragraphs address, in a relatively brief
form, some questions that may aid in framing and understanding
important elements of the competition. A more detailed examination
of the Soviet side of these issues can be found in appendix I, from
which some of the following has been extracted,

G.4.1 Strengths

It will be noted that some relatively permanent
attributes of either Soviet or U.S. society are both a strength and
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a weakness, depending upon the circumstances. For example, the
U.S8. emphasis on using the latest technology in military systens
can make them much morae effective, but alsc can result in overruns
of both time and money. '

Soviet:

l. An effective Soviet centralized decision-making process
that protects and promotes military hardware developments and
deployments parceived to support military-political requirements.
Moreover, thers appears to be 2 consistent long-term strategy
driving the regquirements.

2. A consistent commitment to substantial investment in
strategic forces. The USSR maintains strong, semi-competitive
design teams with charters for successive incremental upgrades of
hardware on a long-term basis (i.e., five-year plan at least), with
a secure funding base.

3. An ability to operate in secrecy and to use propaganda

and deception with few problems from public opinion or political
constraints.

4. A large geographical expanse closed to foreigners that can
be used for deployment and testing of military systems.

5. A tendency to develop and deploy a system with only a
limited capability to fulfill a requirement, with the expectation
that upgrades or successors will evantually be satisfactory (of

course, if the upgrades are not successful, this characteristic may
turn out to be a weaknass).

6. Buccessful integration of arms control negotiations with
aontimied strengthening of strategic offensive forces.
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7. fThe result of the straengths listed above is the Soviet
deployment of an ICBM force capable of destroying a major portion
of U.S. ICBM silos and other hardened fixed pites, with a large
residual Soviet ICBM force for other purposes. This system has a
hardenad, redundant system for control and execution.

United Stateg:

1. Superior technolegy supporting the goals of making ICBMs
more effective and lighter, though not always cheaper: for example,
microelectronics, computers, solid rocket technology, and inertial
guidance.

2. Consistent support of the concept of a Triad of strategic
offensive forces by both civilian and military leadership has
produced a U.S. strategic force with its throw weight distributed
among ICBMs, SLEMs, and bombers. As a consequence, negation of the
ICBM force need not significantly degrade the U.S. retaliatory
capabllity.

3. Long-term experience with penetration aids and how defense
sensors respond to sane.

G.4.2 Weaknesses
Soviet:
1. Ponderous and secretive system that can inhibit

flexibility. Have they in fact overbuilt their ICBM force, as
compared to other needs?

2. A sBoclety with profound economic and social problems,
poorly equipped for either economic growth or competition with the
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West. This includes an inefficient R&D process. Defaense programs
' proceed satigfactorily only bacause they are given highest priority
and because they build upon Western technology developments.

3. Several non-U.S. adversaries already capable of nuclear
attack on the Soviet Union (China, France, United Kingdom).

United States:

1. Pluralistic decision-making inhibits long-term military-

planning and results in the lack of consistent long-term military
investment policy.

2. A preoccupation with potential threats and with striving
for the latest technology tend to delay decisions and lengthen
prograns.

3. Some feasible basing concepts cannot be adopted because
of an inability to manage the interface with the citizens in our
demacratic society.

G.4.3 Possible U.S. Competitive Actions.

1. Improve accuracy on both ICBMs and SLBM {auch
actions are, of course, underway).

2. Consider implementing special purpose warhead on
Minuteman II (e.g., earth penetrators), possibly for limited
nuclear options or to creata Soviet uncertainty about the
vulnerability of their C and leadership.

3. Revitalize the ICBEM penetration aids program, including
counters to possible Soviet directed energy weapon developments.
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G.4.4 Current or Possible Future Soviet Competitive Actions.

1. Ongoing incremental but aggressive improvement of ICBM

forces.

2. Continuing missile accuracy improvements, including more
accurate SLBMs,

3. Strong peace-loving propaganda campaign.

4. Hard bargaining on arms control meshed with concealment

of ICBM improvement plans.
G.4.5 Different U.S. Uses of Current Forces?

1. Plan to use ICBMs (e.g., Minuteman II} in support of
theater coperations.

G.4.6 U.S. Successes and Failures in the Long-Term Military
Competition.

1. Pailed in use of arms control to limit Soviet ICBM force.

2. Failed to solve perceived problem of Minuteman
vulnerability.
3. Has apparently succeeded in maintaining a viable

deterrent, through strength of the Triad overall.

4. Appears to be ahead in missile technology, particularly
in accuracy (inertial guidance and other), as well as in solid-
. propellant missiles and penetration aids.

G.4.7 Soviet Successes and Failures in the -Long-Term Military
Competition

1. Achieved at Jleast parity with the United States in
strategic forces.
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2. Successful developmant and deployment of an ICBM force
that appears to have a substantial danage-limiting capability
against the current U.S. ICBM force.

3. Successful use of the arms control process to protect
Ssoviet developments while fostering U.S. self-restraint in
developnent and acquisition.

G.4.8 Evaluation of Current U.S. Programs.

l. U.S. ICBM forces are ilnadequate for a damage-limiting
strategy. This is due to the slow pace in increasing hard-target
kill capability of the force, plus successful Soviet hardening of
ICBMs and €. The United States is now developing combinations of
warheads and guidance systems capable of hard-target kill, but is
not deploying them in sufficient numbers to make a counterforce
attack credible.

2. Deployment of one hundred MX missiles in Minuteman
silos 1is probably insufficient for a credible counterforce
capability, while vulnerable to Soviet attack.

3. There is no coherent strategy on mobile basing for
U.S. ICBMs.
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APPFENDIX K

U.8.=-BOVIET BALLISTIC MISSILE
DEFRNSE CONPETITIOMN

Joel Bengston

Interest in ballistic missile defenses (Bnb) appears to
have developed almost as socon as the first German short-range
ballistic missiles became operational in World War IX. Viewed as
a mission, ballistic missile defense is a logical extension of air
defense, although the technological requirements are obviously more
challenging for defense against ICBMs than against World War II
bombers. The problem is so challenging that there has been a
continuing debate within the U.S. defense community about what sort
of BMD system, if any, is worth deploying.

There is a range of possible objectives for ballistic
missile defense (BMD), from defense of selected military targets
such as intercontinental ballistic missile (ICBM) =silos to
population defense. Historically, the arguments against U.S. BMD
deployments for protection of population and industry have been,
in essence, that deployment would only provoke the Soviet Union to
build up its strategic forces to overwhelm the defense. Active
defense of ICBM silos has suffered from competition with other
modes of assuring survivability of ICEBMs (e.g., hardening,
mobility, deception) and over the years it has lost in the
competition, generally because it appeared tco expensive for the
ievel of confidence provided. As far as we know, the Soviets have
not shown any interest in ballistic missile defense for protection
of their ICBMS; they do, howevar, have a strong interest in
protection of their leadership, and this mnission probably

influenced their decision to deploy balliatic missile defenses
around Moscow.
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The negative views of Secretary of Defense McNamara and
some of his staff on the cost-effectiveness of the BMD systems that
could be envisioned in 1967 led President Johnson to initiate
discussions with the Soviets on the possibility of negotiating a
limit on BMD deployments. Ever since then, the U.S.-Soviet
competition in baliistic missile defense has been inextricably
intertwined with issues of arms control.

President Johnson's initiative was partially in response
to the U.S5. discovery of a Soviet BMD system being deployed around
Moscow. This deployment appears to be completely consistent with
the Soviet tendency to deploy interim solutions to defense
requirements in the hope that incremental improvements can later
be made to produce a more effective system.

Much of the U.S. internal debate on BMD has been mixed
up with views on the dynamics of the arms race. Much of the
discussion of the feasibility and cost-effectiveness of ballistic
missile defense involves speculation on possible Soviet
countermeasures and their cost, since the USSR would have the
opportunity to develop countermeasures while a U.S. BMD system was
was being produced and deployed.

Another issued often raised in BMD discusaions is the
effect of an actual deployment on crieis stability. Critics of
BMD systems observe that a defense would be more effective in
dealing with the surviving portion of a Soviet ICBM force that had
been subjected to a preemptive attack, and thus the existence of
the BMD system could bias military commanders toward recommending
preemption in a crisis. Unfortunately for the United States, a
case can be made that the Soviets have a strong commitment to a
preemptive strategy, so that the technical requirements for their
ballistic missile defense may be less stressing than those
confronting U.5. BDM systems designers.
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on the other hand, advocates of U.S8. BMD deployments
point out that the requirement to psnetrate a U.E8. defense system
would raise the level of Soviet uncertainty about the effectiveness
of the their attack, thus enhancing deterrence and increasing
stability.

The substantial increase in U.S. funding for ballistic
nissile defense within the framework of the Strategic Defense
Initiative (SDI) has led to an intensive reexamination of the wide
range of technical and political issues that historically have been
associated with ballistic mnissile defense, with the added
complication that most of the technical constructs in the SDI
prograr have yvet to be demonstrated and are thus difficult to
evaluate as to feasibility and cost-effectiveness.

This study of the military competition examines the
historical record to provide clues as to how the United States
should proceed; by its nature, the study cannot provide detailed
guidance on specific technical issues.

B.l EARLY EISBTORY

Studies of ballistic missile defense started in both the
United States and the Soviet Union as soon as the ballistic missile
threat was recognized in the late 1940s. The details of early
Soviet efforts are not known, but it is clear that they were viewed
as a ratural extenasion of work on defense against ajrcraft. The
BMD mission was assigned to the Soviet air defense command, PVQ
gtrany, which bacams a separate branch of the Soviet armed forces
in 1934. The early Soviet effort in air.defense was aided by
captured German scientists who had worked on an antibomber missile
systen during World War IX. It is believed that the first Saoviet
antibember surface-to-air missile (SAM), the SA-1, was developed
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in the early 1950s: deployment was underway around Moscow by 1954.
The SA-2 followed shortly thereafter, and the Soviets have
continued on a massive program of development and deployment of air
defenses to this day.

Because of the breadth of the PVQ Strany mission, it
appears that some of the Soviet BMD devalopments have been natural
technical extensions of air defense. The secrecy of the Soviet
system has often made U.S. interpretation of Soviet developments
difficult, and there have been many guestions about the potential
BMP capabillity of Soviet SAM systems.

The first substantial U.S. look at the Soviet BMD program
occurred in April 1960, when a U-2 photographed the PVO Strany
development center at Sary Shagan. This inland range is in a
relatively isolated location about 1000 miles from the major
ballistic missile development center at Kapustin Yar. It provides
a much better environment for testing of BMD systems in secrecy
than anything available jin the United States. Among the itens
discovered in the 1960 overflight were a prototype of the Hen House
early warning radar, another bistatic radar, elements of the
Griffon system that later appeared briefly around Leningrad, and
elements o©f the Galosh BMD system that would later be deployed
around Moscow.

In the United States, initially both the air force and
the army were active in examining BMD concepts as natural
extensionas of their respective roles in area and terminal air
defense. The air force did the earliest studies, in projects
Thumper and Wizard. By the mid-1950s Wizard had developed a
concept of what is now considered the classical area BMD system:
a long-range acquisition radar with nuclear interceptor missilas
guided by a target~tracking radar. 1In 1955 the army embarked on
design of the Nike-Zeus system for nuclear intercept of incoming
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ICEMs as a variant of the Nike-Hercules air defense system. This
interservice competition continued until the Sputnik launch in
October 1957 forced the sacretary of defense to resolve the issue.
Early in 1958 the army was given the primary role in ballistic
anicsile defense and authorized to proceed with development of Nike-
Zous. The air force retained responsibility for esarly warning
systems and a new DoD organization, the Advanced Research Projects
Agency (ARPA), was established and given a charter for research in
nore advanced BMD technicues.

H.2 CHRONOLOGY BINCE 1960

The period 1961-1972 was particularly significant in the
evolution of the U.S.-Soviet BMD competition. It began with high
priority technical developments in both the United States and the
Soviet Union, but ended with an Antiballistic Missile (ABM) Treaty
thbt rust have been based, at least in part, on disenchantment with
the capabilities of the BMD systems then under development. Some
significant parts of the chronology follow.

d.2.1 1961-1%62

In the United Statas development continued on Nike-Zeus,
including a successful ‘intercept from Kwajalein of an Atlas missile
in 1962, There vwvere extensive =studies of eaxcatmospheric
penetration aids (plus some actual devalopment for U.S. strategic
forces), leading to the conclusion that Nike-Zeus would be
ineffective if the Boviats were to davelop such penetration aids
thensslves, even though there was no evidence that they were doing
85. As a result, the army's BMD program was redirected in 1963 to
& new system, Nike-X, that involved a high-acceleration missile
(8print) and two new phased-array radars (the MAR and the MSR).
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In the Soviet Union Marshal Malinovsky alleged in 1961
that the BMD intercept problem had been golved, and in 1962
Khrushchev said the Soviets could "hit a a fly" in space. In 1961
and 1962 the Soviets conducted two series of nuclear weapons tests
in the atmosphere over Sary Shagan, coincident with tracking and
intercept of ballistic missiles launched from Kapustin Yar,
illustrating a real concern about the effects of the detonations
of the nuclear interceptor warheads on the performance of BMD
radars. These quasi-operational investigations of radar blackout
were much more closely tied to BMD system development than the high
altitude nuclear weapons tests performed by the United States in
1962 at Johnston Island. There was no evidence of Soviet testing
of penetration aids in this time period.

Deployment of the Griffon system around Leningrad was
observed during this period. By 1962 about thirty launch
positions, similar to those observed earlier at Sary Shagan, had
been observed under construction. This system appaeared to be a
derivative or an upgrade of an air defense system, and its actual
BMD capability was uncertain. It may have been intended to counter
the U.S. Thor and Jupiter intermediate-range ballistic missiles
(IREMsS) then being deployed in England and Italy, and most probably
had no capability against Minuteman. In any case, construction was
halted and the equipment removed before the system becane
operational.

H.2.2 1964-1965

In the United States two influential studies related to
ballistic missile defense were carried out. Colonel Glenn Kent
directed an Office of the Secretary of Defense (0OSD) atudy of a
damage~limiting strategy for the United sStates. This study
concluded that U.S. ballistic missile defense would not be cost-
effective by a large ratio against Soviet missiles. An OSD-
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sponsored Institute of Defense Analysis study of U.S. penetration
tactics against Soviet ballistic misaile defenses {(the Pen-X study)
also concluded that the costs favored the offense.

In the Soviet Union deployment of the Moscow BMD system
began. The Galosh missile was paraded in Red Square in 1964. The
irmmense Dog House UHF phasad~array radar was observed under
conatruction ocutside Moscow, as were Try Add target acquisition and
fire control radars assocliated with Galosh interceptors. It
appeared that the Soviets initially intended to deploy as many as
128 BMD interceptors, with sixteen in each of eight defense
complexes in a ring about forty miles from the center of Moscow.
Only four sites were eventually completed, with a total of sixty-
four interceptors. Construction of a network of Hen House radars
geban along the northern ICBM corridors:; this network was capable
of providing early warning to the Moscow ABM system. It became
clear that the Moscow defense was an exoatmospheric system that
probably used a megaton-yield nuclear weapon on each interceptor.
It would have wide area coverage, but appeared to be at least as
vulnerable to penetration aidas as the U.S. Nike-X systenm.

H.2.3 1966-1967

In the United States development of Nike-X continued,
while studies of its effectiveness in various missions were carried
out. In the preparation of the fiscal year 1968 budget, the Joint
Chiefs of Staff proposed deployment of Nike-X. Secretary McNamara
sonvinced President Johnson to regquest long-laad procurement items,
but to put the money on hold while an effort was made to explore
an ABM agreemant with the Soviet Union. In June 1967 Secretary
McNamara tried to convince Premier Kosygin that a Soviet ABM
deployment would escalate the arms race. Kosygin replied that
dafense is moral and offense is immoral. The U.S. response was
twofald: authorization of mulitple independently-targetable
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reentry vehicle (MIRV) production for both Poseidon and Minuteman
and announcement of plans to deploy a thin sentinel ABM system to
defend against a future Chinese ICEM threat and accldental
ballistic missile launches. This Sentinal system had a Spartan
(improved Zeus) long-range missile with a megaton-yleld warhead,
a Sprint missile for endoatmospheric intercept in defense of
selected urban targets, MSR phased-array local battle management
radars, and new, long~-range perimeter acquisition radars (PARs).
The prospect of placement of nuclear-armed ABM interceptors near
cities evoked considerable local opposition, and a national debate
on the Sentinal system began in 1968, with several prominent
sclentists expressing opposition to the deployment.

In the Soviet Union work on the Moscow ABM system reached
its peak in about 1967. The Soviets toned down their earlier
glowing public accounts of BMD effectiveness, and internal Soviet
debates on system effectiveness probably were occurring. The
United States had initiated a major deployment of MIRVS on
Minuteman and Poseidon, and the U.S. ABM technology embodied in the
Sentinel system was about ten years ahead of the Soviet technology
in the Moscow ABM system.

H.2.4 1968-1969

The Soviets, probably influenced by U.S. plans to proceed
with MIRVs and the Sentinel ABM system, finally agreed in mid-1968
to meet to discuss arms limitations, providing the discusaions
included strategic offensive forces as well as ballistic missile
defenses. The initial strategic arms limitation talks (SALT)
started in Helsinki in November 1969.

In the United S8tates public debate on the Sentinel system
continwed, and the Nixon administration responded by proposing the
safeguard system in place of Sentenial. This system used the same
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components as Sentinel, but was located primarily on air force
bases ramote from large U.S. cities. The primary rationale for
Safeguard was dafaense of ICBM sites, though the system would ratain
some capability for light area defense against a Soviet attack
(Safegquard Phase I, eventually authorized by Congress in 1970,
included only the ICBM site defense portion).

H.2.5 1970-1972

At SALT I in Helsinki the Soviet representatives
expressed interest in limiting BMD systems, including the
possibility of a total ban. Initially the United States thought
the Soviets would never accept a total ban, so the first concrete
U.S. SALT proposal allowed defense of each side's national command
authorities (NCA), since the Moscow defenses were then nearing
completion.

Agreement on an ABM treaty was reached in 1972. The
treaty was modified in 1974 to allow the United States a silo-
defense system and the Sovietz a defense of Moscow, each with one
hundred ABM interceptors. These are trivial defenses against a
serious attack by the major opposing force, although the Soviet
system may have had some value in protection against British and
French threats. The Dog Housa radar network doaes not, however,
covar attacks from the Mediterranean, a likely source of attacks
by British or French submarine-launched ballistic missiles (SLBMs).

A major issue within the United States during the SALY
I negotiations was that the SAM-upgrade threat, the simplest
fundamental notion being that the Soviets might be able to use one
or more or their many early warning radars to detect incoming
warheads, then hand the targets over to local SAMs, especially to
S8A~5 complexes. The than-operational SAM-associated radars and the
surface~to~air missiles themselves ware generally believed not to
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have sufficient reaction times, but this issue and the feasibility
of covert upgrades were subjects of continuing debate within the
U.S. government. A8 a result, the United States insisted on
insertion of numerous provisions in the ABM Treaty that address the
Problem: identification of ABM radars; limitations on their
nunber, placement, and power-aperture product; limitations on the
power of non-ABM phased array radars; and provisions against giving
air defense systems an ABM capability or testing them "in an ABM
mode," a phrase not well defined. Deployment ©of mobile land-based
ABM launchers or radars was also prohibited. Each party avoided
explicit constraints on future anti-tactical ballistic missile
{ATBM) systems.

The reasons for the Soviet turnabout from Kosygin's 1967
rejection of ABM limitatione to signing the 1972 ABM Treaty and
accompanying interim agreement on offensive arms are complex, but
must have included the recognition that their BMD technology was
inferior to that of the United States, probably about ten years
behind in general.

H.2.6 1973-1982

In the United States the spirit of the ABM Treaty was
followed rigorously. The Safeguard system at Grand Forks bacane
operational in 1975 and was immediately deactivated. The army
continued its research, development, and studies of system
concepts, including improved hard-site defenses for Minuteman and
MX, but ths program had no national urgency. A prototype ICBM site
defense system was tested at EKRwajalein, and thera were also
significant R&D efforta in the use of long-wave infrared techniques
for exoatmospheric target acquisition, tracking, and guidance to
non-nuclear intercept.
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In the Soviast Union aggressive R&D on ballistic wmissile
defenses continued. The Moscow ABM system was being upgraded.
Improvements included a large radar at Pushkino that functions like
the U.S. MSR, and an improved Galosh and a new sprint-like
interceptor that were being installed in the one hundred ABM
launchers allowed by the treaty. In addition, a new, tranaportable
phased-array radar was tested at Sary Shagan. This plus either or
both of the new interceptors could constitute a rapidly deployable
BMD system for use if the Soviets were to abrogate the AEM Treaty.
This conceptual ABM-X-3 system would probably require acquisition
information from the Soviet network of early warning radars that
include both the old Hen House radars and the new type of large
phased-array radars (LPARs) deployed at Pechora and five other
gites. One of these radars, sited at Krasnoyarsk, 1s a blatant
violation of the ABM Treaty requirement that early warning radars

be located on the periphery of the Soviet Union and oriented
outward.

The Soviets have also been developing a new generation
of SAMs (SA-10 and SA-X-12) that could have a limited point-defense
ABM capability. They have been aggressively developing advanced
BMD techneologies similar to many of those now part of the U.S. SDI
program. These activities include a large program in high energy
lasers that has been underway at Sary Shagan since the mid-1960s,
research in particle beam weapons (including space-baged weapons),
research in high-power radioc fregquency weapons, and kinetic energy
weapons. On the other hand, Soviet computer technology generally
lags that in the United States by five to ten years, and this will

be a serious limitation in implementation of many advanced BMD
concepts.
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H.2.7 1983-1987

President Reagan's March 1983 speech announcing the
Strategic Defense Initiative resulted in a dramatic increase in
funding and change of direction for U.S. BMD activities, The
president's vision of making nuclear weapons “impotent and
obsolete” was greeted by technical skepticism both within the
government and outside, but there was a major revival of activity
of exoatmospheric and boost-phase BMD research and development.
The Soviets have been shrill in their denunciation of this
activity, though there has not, as yet, been anything close to a
violation of the ABM Treaty on the part of the United States.

From their behavior, the Soviets appear to be terribly
concerned with the SDI program, and almost obsessed with the desire
to stop it. The Reagan-Gorbachev meeting at Reykjavik apparently
floundered because of the U.S. unwillingness to abandon the option
of SDI deployment at some future date.

Though the United States has not viclated the ABM Treaty
(despite ritualistic Soviet complaints about the siting of the
Shemya and Pave Paws radars), a new U.S. debate arose about
interpretation of allowed tests within the treaty. The more
permissive interpretation originated in the Office of the Secretary
of Defense, and has been resisted by influential members of
Congress, as well as by the Soviets,

H.3 POBSIBLE LESSONS FROM THE RECORD

U.S. behavior during the entire period up to the SDI
speech appears to have been driven by its own internal arguments
and logic, with very 1little consideration of the real Soviet
threat. The threats that killed Nike-Zeus and raised havoc with
Sentinel and Safeguard are still largely paper threats, except for
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Soviet MIRVas. It can be argued, however, that this was and is
proper behavior, since the Soviets could develop such threats if
the United States ware to have developed these earlier BMD systens.

The U.S. and Soviet responses to the ABM Treaty were
vastly different. The United States took the treaty as a signal
to deemphasize BMD funding and research, while the Soviets seized
it as an opportunity to catch up with the United States.

Soviet reading of the ABM Treaty and the SALT agreements
has been aggressively in their favor. The Krasnoyarsk radar
appears to be an open violation of the treaty, and the ABM-X-3
radar has been cited by the U.S. government as a potential
violation of the ban on development, testing, and deployment of
mobile land-based ABM components.

H.4 ANBWERS TO BUBSTANTIVE QUESTIONS AB INFRERRED FROM TH1IS CASE

H.4.1 Strengths

1. Strong, ongoing BMD R&D programs, with opportunities
to learn from activities at a dedicated inland range
(Sary Shagan) and the deployed ABM system at Moscow,
which is the only oparational ABM system in the world.

2. Secrecy surrounding the technical characteristics of
both ABM and air defense systems. The signal- and
data-processing capabilities of ABM radars are
extrenely difficult to infer from radiated signals,
but important to understand if attempts are to be made
to saturate the system. Reaction times of air defense
system components (or their upgrades) are hard to
astimate, and important to eatimates of effectiveness.

3. The ability to produce more components quickly
(breakout potential) from an established manufacturing

infrastructura supporting both air defense and ABM
requirements.
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United States:

1. Superior technology in almost all areas supporting
aither conventional or exotic (SDI) defense systems.

2. Greater experience with both designing and observing
penetration aids.

H.4.2 Weaknesses
Soviet:

). Ponderous bureaucracy and an incremental approach to
deployment could make them fall further behind in a
BMD technology competition with the United States.

United States:

1. Lack of consensus on goals for ballistic missile
defense programs.

2. The difficulty in protecting Washington, D.C., because
of its proximity to the Atlantic Ocean.

3. Public opposition to deployment of nuclear
interceptors on U.S. territory, especially near
cities,

H.4.3 U. 8. Competitive Actions

Continued aggressive R&D program in ballistic missile
defense, with more emphasis on possible near-term deployment
concapts.

Aggressive penetration aids program, possibly including
a maneuvering reentry vehicle for the ICBM force.

Prototyping of feasible BMD components as a hedge against
Soviet abrogation of the ABM Treaty.
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H.4.4 Current/Possible Soviat Competitive Actions

Continued aggressiva R&D program, with possible threats
of abrogating or withdrawing from the ABM Treaty.

- H.4.5 U.S. Successes and Failures in the BMD Competition

The United States was unable to sustain a strong momentum
in its BMD technology research in tha wake of the ABM Treaty.

President Reagan pumped new life into the long-temm
component of the BMD program, but the United States still lacks a
near~term response to possible Soviet breakout from the ABM Treaty.

H.4.6 Soviet Successes and Failures

The Soviets have used the ABM Treaty as an opportunity
to gain on the United States in the BMD technology competition, and
appear to be working toward a capability for rapid deployment of
a new BMD system. They have failed, however, to negate the SDI
program, which appears to represent a technology competition the
Soviets would rather not enter.
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APPENDIX I

SOVIET ICBM AND BND DEVELOPNENTS
IN THE U.8.-SOVIBT MILITARY COMPETITION

Richard 5. Soll

Over the past three decades the overall U.S.-Soviet
political-military competition has been focused to a considerabhle
extent on the balance of strategic ballistic missile forces. At
variocus timee during this period virtually every aspect of the
overall competition has been subordinated or coupled, elther
conceptually or in practice, to the strategic missile arena and to -
its concomitants: deterrence, superiority, parity, national
survival, and so forth. In some cases these linkages have been
valid; in other instances they have been postulated for any of a
number of reasons: for example, a perceived need to guantify the
competition or an oversimplification of the nature of the
competition and, thus, the reduction of it to a single aspect.

Even the nature of the competition in the strategic
missile arena itself (and in the companion area of ballistic
nissile defense) is often portrayed incorrectly, such as in strict
action-reaction terms. This is due principally to a Western
tendency to mirror Soviet objectives and behavior in the U.S.
image; a neglect of developmental lead times and decision cycles
for weapon systems; and a genaral tendency to view the competition
as though similar-type systems or subsystems are simply in direct
competition or potential confrontation with each other.

These mistaken notions of the U.S.~Soviet strategic force
competition stem largsly from an approach wherein the deployed
forces are used as a starting point and the raticnale, missions,
and capabilities are traced back and inductively imputed. In
contrast, the discussion of the Sovist intercontinantal ballistic
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nissile (ICBM) and antiballistic missile (ABM) cases below uses a
top~down approach in describing S8oviet strategic objectives,
nissions, requirements, and systen development and deployments --
the sequence in which the strataegic force development process
operatee in the Soviet Union -- in order to assess the nature of
the U.S.-Soviet ICBM/ABM competition and to suggest possible
competitive strategies the United States might employ in this
competition.

An initial step in laying out this approach is the
discussion of the continuity, basic principles, and reguirements
of Soviet military doctrine and strategy pertinent to strategic
offensive and defensive forces. The Soviet Union's role and
motivations in the strategic competition can be understood only if
the doctrinal and strategic framework is considered, since it is
in the doctrinal-strategic dimension that the competition mainly
originates and is waged. The second step comprises an examination
of the Soviet strategic weapons research, development, and
acquisition process, for it is through this process that the
strategic requirements are fulfilled. The salient features of the
Soviet research, development, and acquisition process are
continuity (corresponding to continuity in the doctrinal and
strategic dimension), the role of the Soviet leadership in making
Xey system decisions, and the periodicity of developmental and
decision cycles. The assesaments of both the doctrinal-strategic
and research, development, and acquisition dimensions presented
below are drawn principally from research conducted over the past
several years by William T. Lee, Mark E. Miller, John R. Sell, and
the author, in collaboration and separately, as reflected in sonme
of the works cited in the bibliography. 1In addition, J. J. Martin
and Joel Bangston provided valuable inputs and review comments in
the course of preparing this appendix.
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Following discussion of the first-order dimensions and
drawing directly from them are examinations of specific strategic
forcs areas in which the Soviet Union has appeared to compete with
the United Statas, such as in developing a hard-target kill
capabllity against U.S. ICEM silos and in attempting to use arms
control as a means for competing.

I.1 SOVIET STRATEGIC FORCE RATIONALE AND DEVELOPMENT

I.1.1 The Role and Nature of Soviet Military Doctrine and
Strateqgy

The Soviet formulation on warfare has consistently
maintained for over three decades that war, even global
thermonuclear war, is a manifestation of political phenomena as
defined by the class struggle; global thermonuclear warfare, as a
specific variant, would be the decisive clash between capitalisnm
{i.e., U.S.-led imperialism) and socialism. Furthermore, according
to this formulation, victory will be achieved by the Soviet-led
gsocialist countries in the event of a global war as assuredly as
it would be by the preferred alternative of peaceful means; the
advent of nuclear weapons did not cause the Soviets to discard
Marx's deterministic view of history past and future.

Soviet adherence to basic tenets of Marxisx-Leninism does
not imply that the Soviet leadership is necessarily dogmatic and
unpragmatic. Rather, the leadera' outlook and rational framework
are derived from historical, cultural, and ideological bases, as
well as from the very nature of the political system in which they
operate and the individual's requirements for attaining and
maintaining power in that system. Therefore, whether the
leadership's persistent clinging to the principle of the ultimate
victory and survival of Soviet socialism as the inevitable ocutcome
of the class struggle is derived from true belief, from the
requirsment to keep the ideclogy intact in order to rationalize
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the legitimacy of the Soviet political-economic system, or both is
relatively unimportant to this discussion. What is important is
the fact that Soviet political and military leaders have maintained
their commitment to this principle and have directed their efforts
toward ensuring that Soviet military doctrine, strategy, and force
posture fulfill the requirements for nuclear warfighting and
warwinning and for survival of the political, military, and
economic infrastructure. In essence, the ideclogy is transformed
into self-fulfilling prophecy.

While in the U.S. conception a future thermonuclear war
would constitute an aberration from (or even virtual abandonment
of) politics, Soviet spokesmen assert not only that politics guides
military strategy but that "success in war can be achieved only
when politics and strategy are in total conformity with one
another."' Consequently, the broader political goals of socialism
generally and of the Soviet Union in particular will determine
Soviet wartime objectives and the military methods and means by
which they are realized. These objectives, as articulated by a
number of Soviet military officials since the early 1960s, are
comprised of (1) defeat of the enemy's armed forces, (2) disruption
and destruction of the enemy's political and military control
apparatus (in U.S. parlance, 1), (3) disruption and destructien
of the enemy's military-industrial centers, (4) total
disorganization of the enemy's rear areas, and (5) gurvival and
continued functioning of Soviet political, military, and economic
institutions. Along with the post-war regquirements that a global
Pax Sovietica be imposed, the fulfillment of the Soviet wartime
objectives listed above equates to the Soviet definition of
victory.

The objective of ensuring the survival of the Soviet
Union's vital institutions -- the sine gua non of victory -- does

not appear to be based on unrealistically low expectations of
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likely damage to the Scviet homeland. Soviet spokesmen assert, in
fact, that one precondition for victory is the peacetime
manufacture and storage of mataeriel, since the range and
destructive potential of nuclear weapons have arased the former
military distinction between the front and the rear. One Soviet
military official has stated that the territory of the country must
be organized "as a theater of military operations."? Accordingly,
the implementation of measures to limit the damage inflicted on the
Soviet homeland is regarded as a key slement of Soviet military
doctrine and strateqy. These measures are both offensive (e.g.,
preemptive counterforce strategy and capabilities, antisubmarine
warfare {(ASW), sabotage against selected facilities) and defensive
(e.g., ballistic missile defense, air defense, civil defense,
protection of leadership) in nature.

The Soviet concept of victory, as opposed to the U.S.
co‘ncapt of war termination, has led Soviet military theoreticians
and planners to adopt the notion that a war, even one in which a
massive thermonuclear exchange has occurred, may be of prolonged
duration. According to this view, the main political-military
objectives of war will probably be achieved within a vrelatively
short time after the onset of hostilities by means of nhuclear
nisglle strikes, but the attainment of the final objectives (l.e.,
decisive victory) may require a protracted struggle taking possibly
months to complete. The types of military operations that would
be conducted during this latter phase of the war include the
seizing and occupying of Western Buropean territory and facilities
by Soviet forces, destruction of the remaining targets on U.S.
territory (e.g., the national command authorities if they were not
destroyed during the initial strikes), destruction of reconstituted
enemy forces, and operations of surviving naval forces, especially
submarines. The Soviet notion that a war might become protracted
is an integral feature of Soviet military doctrine and strategy

and, therafore, has led to the development of mission requirements
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and corresponding force posture characteristice to ensure the
endurance, reconstitution, and redundancy of Soviet force elements.

An additional facet of Soviet military doctrine and
strategy that must be discussed in establishing the political-
military framework for the assessment of the U.S5.-Soviet ICBM and
ABM competition concerns Soviet views on deterrence. Marxist-
Leninist ideology accepts as axiomatic the notion that all wars are
of capitalist-imperialist origin; furthermore, the aoccialist
countries' role in these imperialist—initiated wars is regarded as
a just struggle, while the imperialist countries' role is unjust.
Military actions that on the surface appear to be initiated by the
Soviet Union -- for instance, the Soviet invasion of Afghanistan
or a future Soviet preemptive nuclear strike against the United
States and Western Europe ~- are considered under this doctrine as
justified socialist responses to unjustified imperialist
aggression.

This bamic, long-standing Soviet concept of war leads to
the nuclear-age corollary that deterrence can only apply in one
direction. The socialist countries can and generally do deter the
warmongering imperialists, but the revaerse is impossible, since the
socialist countries (the so-called forces of peace) have no
intention of initiating a war. Therafore, the concept of mutual
deterrence and its corollaries are rejected a priori, and the U.S.-
proclaimed deterrent role of U.S. strategic forces is claimed to
be a cover for U.S. first-etrike intentions.

According to the ideological=-policy line, an inherent
characteristic of imperialism is that it can be expected to act
irrationally, =®ince it represents capitalism in its final,
desperate thross. Nevertheless, Soviet strategic nuclear forces
-- and particularly the Soviet achievement of quantitative ICBM
parity with the United States at the end of the 19608 -- are
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credited by Soviet writers with having brought Western leaders to
their senses and in essence strengthening the deterrent value of
Soviet strategic forces. The 1972 SALT I agreament is cited by
Soviet spokesmen as evidence of the recognition by the U.S.
leadership that the Soviet Union had attained full superpower
status -- in Soviet words, that the global correlation of forces
had shifted irreversibly with the advant of missile parity.

This does not mean, however, that -- in tha Soviet view
-= the United States might not attempt te launch a war against the
socialist countries, since by ite inherent nature imperialism will
always have aggressive designs. Soviet military strateqy and its
corresponding force posture must, consequently, be directed toward
fighting and winning a global war, rather than merely attempting
to deter it. Deterrence is ragarded as an intermediate by-product
of the Soviet warfighting and warwinning capability but, unlike in
the West, not as an ultimate objective. In addition, the Soviet
leadership points to an asymmetry in relative East -- West
strategic military requirements that, it is claimed, rationalizes
a corresponding and necessary asymmetry in force levels: while the
United States is concerned with the Soviet Union alone as a
potential strategic adversary, the Soviet Union has to contend with
the United States, NATO, France, and China. Therefore, Soviet
spokesmen eschew such terms and notions as parity and equivalence,
favoring instead the concept of equal security, which implicitly
accepts a necessary asymmetry in forces.

This asymmetry, which argues for higher Soviet force
levels than those of the United States, is further rationalized by
the basic Soviet policy line. Couched in the vocabulary of the
class struggle, this line rejects the notion that maintenance of
the status quo is a desirable cbjective. Although the Soviet
principle of pesaceful coexistence bans superpower nuclear conflict,

it permits (in fact, encourages) the conduct of wars of national
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liberation in the Third World by Soviet-supported actors (e.g.,
the Palestinian struggle against Israel). Such struggies are
regarded as just, and Western attempts to oppose them are termed
unjust and counterrevolutionary. According to this formula, Soviet
forces must simultaneously deter the West from launching an attack
against the soclalist countries, be prepared to fight and win a
global war in the decisive and most extreme variant of the class
struggle if such a war were to be initiated by the imperialists,
and aid and abet revolutionary elements in the Third World in their
so-called progressive and just struggle against imperialism. All
of this entails military forces that are in excess of what a status
quo or mutual deterrence doctrine and strategy require.

In accordance with the nuclear warfighting and warwinning
goals of Soviet military doctrine and strategy, Soviet military
officials have consistently articulated the major target categories
against which Soviet strategic nuclear forces would be directed in
wartime. This nuclear targeting strategy applies to all services
and missions and to all theaters of military operations. The
categories are as follows:

e Nuclear delivery systems, nuclear wesapon_ storage and
fabrication sites, and nuclear-related cI.

® Other military installations.

o Military-industrial facillities.

e Centers of political-military administration and
command and control.

Although different Soviet military sources list these targets
categories in varying order and sometimes brsak subcategories out
as separate categories, the category containing nuclear-related
assets almost always is listed firast, presumably raeflecting the
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priority given to the destruction of these targets by Soviet
forces.

In addition to listing these generic target categories,
soma Soviet military sources such as Shirokov and Sokolovskiy
identify further some of the types of critical facilities and
functions whose destruction would prevent the enemy from
resupplying and reconstituting his military forces. These include
transportation, electric power gensrating stations, petroleunm
refineries, chemical industries, and selected critical facilities
in nonmilitary industriea. Targeting of these types of assets
fulfills the basic Soviet requirement of total disorganization of
the enemy's rear areas.

Soviet military spokesmen clearly point out that
population per se is not targeted and give moral, ideological, and
niiitary-utilitarian grounds for this aspect of thelr targeting
strategy. Nevertheless, the Soviete do not appear inhibited by the
prospect that a large portion of the enemy population will be
killed in nuclear attacks on the specified target set and state in
the literature that even entire countries may be annihilated in
the course of the Soviet drive to achieve victory.

Given this basic Soviet view of nuclear warfare and the
concomitant objective of achieving a victorious outcome, it is
unlikely that the Soviet Union would launch an attack that was
intended to serve a demonstrative, punitive, or coercive purpose
ance the decision to employ nuclear weapons had been made. Soviet
military literature and practices suggest that all Soviet attack
variants that can be envisaged would pursue warwinning, rather than
limited, aims. The attacks would, however, be selective, even
under conditions of massive use, in that only those enemy assets
deemed to have direct military utility vis-a-vis the course and
outcoms of the war would be targeted.
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Since the early 19708, authoritative Soviet military
sources have suggested the possibility of limited use of nuclear
weapons with respect to regions, target types, ylelds, and overall
strike magnitude. These discussions of limited use appear to refer
to theater rather than intercontinental warfare, since the Soviets
apparently no longer believe, as they did in the 1950 and the
19608, that any use of nuclear weapona will inevitably result in
global thermonuclear conflict, thus requiring a massive preemptive
strike on the enemy homeland. There is no suggestion, howevar,
that limited use of nuclear weapons in a theater conflict would be
directed toward any objective short of victory: it is just that
the requirements for victory change as ona moves away from the

intarcontinental arena.

In summary, Soviet objectives for peace (that is,
maintaining a global correlation of forces that deters and even
constrains the West) and war (that is, maintaining the ability to
fight and win a nuclear war) generate a gset of force posture
requirements that in turn lead to specific gqualitative and

‘quantitative force posture systems characteristics. As indicated

above, the overriding Soviet concerns that must be considered in
assessing Soviet strategic offensive and defensive forces and,
accordingly, in the proposing of competition strategies for the
United States in the strategic nuclear force arena, are the
following:

e Achievement of final victory against capitalism-
imperialism, preferably by peaceful means, by
deterring the United States and its allies and by
supporting wars of liberation.

e If a war is initiated by the imperialists, achieving
rapid and decisive Soviet victory through coordinated
application of all Soviet forces and means.
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® Ensuring the protection and survival of Soviet

political, military, and economic infrastructures and
institutions.

® MNaintaining the ability to fight and win this war
under a wide variety of possible scenarios and
contingencies, including a conflict that may be of
pProlonged duration subsequent to a strategic exchange,
a8 well as encompassing all theaters of military
operationsa.

These Soviet strategic principles are characterized by
continuity (at least three decades of consistency) and by their
creation and backing at the uppermost levels of the Soviet
political-military hierarchy. Correspondingly, the Soviet weapons
research, development, and acquisition process, by which these
principles are transformed into tangible systems, is marked by the
same level of continuity and high-level attention.

11 2 The Soviet Weapons Research, Development, and Acquisition
Process

In considering the role of the Soviet strategic weapons
reseaarch, development, and acquisition process in the U.S.-Soviet
competition, a fundamental characteristic of the Soviet political-
economic-military system must be kept in mind: the centralized,
hierarchical nature of the system requires that all processes,
including policy fofnulation, research, development, and
acquisition, and economic planning, have a top-down orientation,
wherein the various processes are controlled, integrated, and
coordinated at the top by a relatively small number of central
decision makers and functionaries. As a corollary, there is no
private sector in the Soviet Union; all research, development,
production, and consumption -- civilian and military -- is
controlled and regulated by the Communist party and the Soviet

governmant and are required to serve the Soviet Union's interests,
as defined by the party leadership.
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Civen the inherent centralization in all aspects of
Soviet policy and process, the Soviet government is essentially a
giant, highly diversified corporation. Centralized economic
planning is, therefore, essential and the national five-year plan
is the major planning unit. As discussed below, the Soviet five-
year planning cycle is applied to all sectors of the eaconomy,
including the defense economy, and once a plan is set inte motion
it is not easily perturbed by external factors.

Oone factor that helps to shape the Soviet weapons
research, development, and acquisition process is the Soviet
educational system. This is a highly competitive system in which
the best students are continually identified through periodic
testing. Only those so identified are permitted to continue, while
the rest are shunted into other fields of endeavor. The primary
goal of this system of education is the creation of engineers and
scientists, the best of whom are usually selected by and assigned
to the varioue defense -- related scientific research institutes
and design bureaus. A constantly replenished supply of high --
gquality talent is thus provided to the Soviet weapon system
research, development, and acquisition process.

The centrally-planned nature of the Soviet econonmy,
including the defense economy, creates a characteristic style of
management and organization that manifest itself in the nature of
the output. Having spent many years as a manager of a daesign
bureau or a weapons production facility or as minister of a defense
industry, the Soviet defense industrialist is well aware that
fulfillment of planned targets within budgetary and time
constraints can be achieved only if plans are followed and if major
upheavals such as the need to reorganize or retool as the result
of a suggestion to introduce a new technology rapidly are resisted
or compromised. Alternatively, new institutions can be created in
response to innovation, as in the case of the creation of the
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Ninistry of General Machinebuilding in the mid-19608 to develop
and produce balligtic missiles, but they too quickly develop their
own ralentless routinas.

A trend towards incrementalism thus exists in both the
nilitary and the nonmilitary sectors of the Soviet economy and has
baen the subject of complaints by the party and governmental
leadarship at virtually every party congress since the 1950s. In
general, as a result of this incrementalist tendency, Soviet design
emphasis is on simplicity, on the use of common, proven, off-the-
shelf components, and on continuity and improvement of existing
products. This is not to say that incrementalism does not lead
over time to significant qualitative improvement. It is indeed one
way of ensuring improvement, particularly in an economic system in
which continuity and stability are among the major determinants of
sUCCasS.

Innovation in Soviet weapons design often is the result
of high-level political intervention and Defense Ministry urging,
in order to fulfill a tactical-technical requirement that takes
into account national policy, military strategy, wmission, and
threat. Therefore, defense-industrial inertia tends to be offset
by tendencies towards momentum by the military, and vice versa.
By generating national requirements and overseeing the weapons
research, development, and acquisition process at various stages,
the political leadarship both plays the role of arbiter and helps
to focus the effort in the direction of the requirements. This
interplay between Soviet political leaders, military leaders, and
the defense-industrial managers, as wall as the characteristic

tendencies of each group, is important to keep in =mind in
developing U.8. competition strategies.

In order to reduce developmental cycle times and to
effset the incrementalist tendencies inherent in the system, the
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Soviet Union has established an aggressive program for acquiring
technologies and system designs from the West. This program, which
reflects national policy at the highest level and is supervised by
the Soviet political-military leadership, is conducted through a
variety of means. Among these means are espionage, legal and
illegal acquisition of Western items, systematic collection and
study of Western scientific-technical literature, and interactions
with Western scientists through exchange programs and international
conferences. It appears that in a number of areas -- for instance,
computers, avionics, electro-optics, and radars -- the Soviat
defensa-industrial sector has saved both time and money as a result
of technology transfer, in addition to being able to provide the
Soviet military with more advanced hardware than would otherwise
have been possible.

On the whole, the routines that comprise the Soviet
strategic weapons research, development, and acquisition process
are not affected significantly by domestic Soviet political crises
or by specific international events or crises. Analyses of Soviet
ICBM, intermediate-range/medium-range ballistic missile (IR/MREM),
submarine~launched ballistic missile (SLBM), and ABM developmental
trend=s indicate that the regqularized patterns are not interrupted
by such phenomena, and technological improvements appear to bea
incorporated into a system at the beginning of a five-year plan
rather than in mid-plan.’ The Cuban Missile Crisis of 1962, the
ouster of Khruschev in 1964, and the series of political
successions beginning with Brezhnev's death and ending with
Grobachev's consolidation of power apparently did not create
perturbations in the development cycles; decisions were made in
accordance with ongoing five-year plans. Although the Cuban
Missile Crisis might have inspired the Soviet leadership to demand
an acceleration in the rate of planned ICBM production in order to
ensure a more rapid attainment of missile parity vis-a-vis the
United States and thereby preclude such an embarrassment to the
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Soviet Union from ever again recurring, the research and

development phases of the ICEM procurement cycle appear not to have
been affected.*

One instance in which the Soviet five-year planning cycle
was significantly perturbed involved the mid-course truncation of
the Sixth Pive-Year Plan, which had begqun in 1956, and the
inception in its place of a seven-year plan extending to 1966.
This perturbation was apparently created by the successful launches
in 1957 of the first Soviet ICBM and the first orbiting satellite,
Sputnik. These successes indicated to the Soviet leadership that
a fundamental shift in Soviet military strategy and organization,
and concomitantly a shift in emphasis in military research,
development, and production, would be required to exploit the
emerging strategic missile capability. The seven~year plan, bequn
in 1959, appears to have incorporated these requirements by
aliocnting a larger portion of the budget to missile procurement
than had the Sixth Five-Year Plan. Almost concurrent with the
institution of the new plan were the creation of a new military
service, the Strategic Rocket Forces, and an announced deemphasis
on the role and capability of the Soviet ground foreces. If this
singular example can be generalized, it demcnstrates that a major,
perturbing development either must await the beginning of a new
five-year plan in order to be realized or, if the urgency of
getting a program underway is perceived to be extremely great, a
fundamental and observable upheaval of the regularized planning
procass must be instituted.

The formal process by which Soviet research, development,
and acquisition of a major weapon systen are implemerited is shown
in Figure I-1. At the very beginning of the process, in accordance
with the top-down orientation noted previously, the Communist party
Central Committee's Politburo, which is the highest-level decision-
making body in the Soviet Union, and the Defense Council, which is
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the highest-level decisjion-making body in the Soviet Union devoted
'solely to defense natters (and includes a subgroup of the
Politburo), establish national military goals and policy. These,
in turn are translated into strategic requirements by thes highest-
level organs of the Ministry of Defense; at the next echelon down
in authority but higher in specificity, mission and threat-oriented
tactical-technical requirements are generated. An example of a
tactical-technical requirement would be to destroy a given number
of U.S5. ICBM silos of a given hardness with a given probability of
destruction within a given time frame. The tactical-technical
requirement is essentially the tasking vehicle between the customer
(i.e., the Ministry of Defense) and the defense-industrial
"contractor” who performs the research, development, and production
of the weapon system that has been ordered.

) In referring to Figure I-1, it is important to note that
the Politburo and Defense Council, in addition to generating the
initial, bdroad requirement at the beginning of the process,
maintain their direct'overnight role at two key stages of the
pProcess, as well as an indirect role throughout. Both the decision
to allocate reamources to system design, prototype production, and
testing and the decision concerning resocurce allocatien for series
production and deployment (which may include base or site
construction) are made by thesse bodies, in concert with a
supraministerial governmental authority called the Military-
Industrial Commiegsion. The scheduling of these decision points by
the political leadership at regularized times in accordance with
the tive-year planning cycles helps to ensure that the systenms
undergoing development, production, and deployment will contribute
to Soviet national political-military goals and requirements.

The developmental approval point indicated in the figure
signifies the first major allocation decision that is made by the
Soviet political leadership for a given major weapon system and
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provides the funding authority for full-scale engineering
development. This decision occurs near the beginning of a five-
year plnn.’ The second decision peint provides resource allocation
approval for saeries production and deployment and, given the nature
of Soviet planning cycles, 1t too occurs at the beginning of a
five-year cycle, even though the actual production and deployment
processes may not be initiated until a couple of years after the
cycle has begun.

In the system areas of direct concern in the present
analysis -- Soviet ICBMs and ABMs --— this top-~down, cyclical
approach historically has characterized the nanifest Soviet force
posture and its evolution. The major input into the approach has
been the consistent Soviet military doctrine and strategy, as
reflected in a large body of authoritative Soviet writings that was
summarized above.

Soviet promulgation of a nuclear strategy based upon
warfighting and warwinning precepts and a preference for preemption
can be traced at least to the late 19508, that is, to around the
time of the twenty-first Communist party congress and the inception
of the Seven-Year Plan (1959), although the Soviet military
literature of the immediate post-Stalin period indicates that this
strategy was being debated and was in the process of being accepted
soon after Stalin's death in 1953. Some of the earliest post-
Stalin writings emphasized the importance of destroying the sneny's
armed forces before they could be employed  in order to achieve
victory and the concept of preemptive attack was discussed in
explicit terms in many instances.

The seven-year plan that was approved at the twenty-first
congress granted the Tresources for full-scale engineering
development of the S§5-9, SS8-11, and SS-13 ICBMs. Apparantly by
design, the 85-9 possessed the ability to destroy the one hundred
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Ninuteman launch control facilities (LCFs), thus preasumably
disabling the U.8. ICBM force, while the 88-11 and SS-13, with
lower-yleld warheads, could ba employed against other targets of
perceived military importance. What is significant in this regard
is that the Soviets had a coherent strategy based on counterforce
ocbjectives, but lacked the technology to destroy individual U.s.
milos. They made the most of what they had and developed it,
rather than wait for over a decade, whan sufficiently accurate
systems with multiple, independently~targeted reentry vehicles
{MIRVs) would be developed and deployed.

The evolution of the SS5-9 and its successor the SS-18
exemplifies the Soviet approach to weapons research, development,
and acquisjtion in accordance with the consistent strategy. The
key point is that the Soviets usually field a system, no matter how
rudimentary, that addresses an essential element of the strategy,
then improve it in successive nodified variants and follow-on
systems, roughly at five-year intervals. The counterforce
capability of the S5~9 (via attack on the Minuteman launch control
facilities) was negated shortly after its deployment began in 1966
by the U.S. deployment of an airborne capability to launch its ICBM
force in the event of an attack on the ground-based launch control
facilities, plus improved connectivity between the launch control
facilities and the silos. Naevertheless, the Soviet counterforce
strategy remained constant (as evidenced by the 1968 edition of
Sokolovskiy's Military Strategy), and the Soviets persevered in
their drive toward being able to destroy the primary target aet,
in this case individual U.s. silos.

Similarly, in the strategic defensive arena the
requirement that the Soviet political, military, and economic
infrastructure survive a nuclear war as a condition of victory
apparently has overridden the frustrations that have beset the

Soviet attempt to achieve a viable active defense against ballistic
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missiles. It should be remembered, however, that the BSBoviats
consider preemptive counterforce, antisubmarine warfare, and
passive defense all to be components of the Soviet capability to
defend against ballistic missiles. Even limited capabilities in
those areas have probably helped to ameliorate the situation.
Nevertheless, the Soviet commitment to active ballistic missile
defense has been constant throughout the ICEM era, particularly
since in the early period it would not have been clear which
technical capability -- destruction of enexy silos or destruction
of incoming enemy warheads -- would be achievable first.

The initial Soviet decision made by Stalin in the late
19408 to begin development of an ABM systeam was concurrent with the
Soviet decision to embark on an ICBM program, and not a response
to any firm Xnowledge concerning a U.S. ICBM program.6 Thus, the
Soviets operated according to an internally-generated dynamic in
anticipation of but not directly in response to future U.S.
capabilities in long-range missiles. It is likely that Soviet
recognition of the comparatively advanced state of U.S. technolegy
and of the fact that most of the top German rocket scientists were
working for the United States contributed to the expectation of
eventual U.S. development and deployment of long-range ballistic
missiles. Furthermore, within a decade the Soviet military
doctrine and strategy that were in force through the 1980s had been
adopted and U.S. intentions in the ICEM arena had become
sufficiently manifest that these additional dynanmics would ensure
that the Soviet commitment to ABM development and deployment
remained steadfast.

The decision to enter into full-scale engineering
development of the first Soviet ABM system, the ill-fated Griffon
planned for deployment around leningrad, apparently was made at the
sapme time as the decision to develop the first Soviet ICBM, the
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S8-6, at the beginning of the Fifth Five-Year Plan in 1952. By
1956, when the Sixth Five-Year Plan was adopted, a new ABM systenm
(along with the 5S-7 and S5-8 ICBMs), designated tha ABM-~l1 or
Moscow ABM system by the West, was approved for development. The
Leningrad ABM system was canceled early in its deployment phase.
The ABM-1 system around Moscow became operational in the mid-1960s,
at about the same time that U.S. MIRV testing began. It appears
that the decision to proceed with development of an upgrade to the

Moscow system was promulgated in 1966, as part of the Eighth Five-
Year Plan.

This discussion of the Soviet ABM program shows the
consistency of the Soviet commitment to the defensive component of
Soviet military strategy and the consistency as well as persistency
of the resulting research, development, and acquisition programs,
in spite of technical setbacks, uncertainties, and an increasing
threat from U.S. ICBM and SLBM systens. Although the Soviet
Union's agreeing to the 1972 ABM Treaty has been viewed by some,
most notably Raymond Garthoff, as evidence of Soviet abandonment
of that commitment, it can be argued instead that it represented
an affirmation of the commitment. Given Soviet technological
inferiority to the United States in ABM-related areas at the tine,
the treaty provided the Soviet Union with the opportunity te catch
up. ~

In a top-down system in which national military goals
and doctrine, weapons research, development, and procurement, and
armg control policies and tactics are all controlled at the apex
of the hierarchy under a set of common and consistent principles,
this is to be expected. The upgraded Moscow ABM program, which
began to be deployed in the early 19808, apparently was unperturbed
by the strategic arms limitation talks (SALT) process, as was a
whole generation of advanced ICBMs that were tested ghortly after
the SALT I agreements were signed.
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I.1.3 Summary

Several characteristics of the Soviet research,
development, and acquisition process for major weapon systems are
pertinent to the understanding of the evolution of Soviet ICBM and
ABM systems and to the formulation of U.S. competition strategies.
These characteristics include the following:

e Soviet weapons research, development, and acquisition
is a top-down process in which national-level
requirements are generated and developmental,
production, and deployment decisions are made by a
small group of political leaders who also formulate -
and manage arms control policies and decisions.

e The Soviet weapons research, development, and
acquisition process is directed toward fulfillment of
the objectives and requirements of Soviet military
strateqy, including, in the case of ICBMs, targeting
ocbjectives.

e Soviet weapons research, development, and acquisition
are integral to the national five-year plan process,
and key decisions and milestones are thua scheduled
to coincide with the national planning cycle.

e Once a plan is set into motion, it is highly resistant
to perturbations generated from outside the plan
iteelf.

e Soviet weapons designers and defense industrialists
tend to approach system improvements incrementally,
due to the reguirements of fulfilling planned goals,
and resist the introduction of new technologies and
concepts, particularly in mid-plan. This can delay
system improvements for five or more years.

e The Soviet Union conducts an aggressive, multifaceted
program for acquiring technologies and system designs
from the West in order to shorten developmental cycle
times and offset incrementalist tendencles. The
technology transfer program is managed and supported
at the highest levels in the Soviet Union as an
instrument of Soviet policy.
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e In order to meet military-strategic regquirements, the
Soviets in general exercise a preference for
developing and deploying systems that fulrfill a
requirement even in a rudimentary way, then proceed
to modify the existing systems and introduce follow-
on systems cyclically until the required capability
is achieved.

® As demonstrated by Soviet behavior surrounding the
ABM Treaty, the Soviets view arms control as an
element of the process of fulfilling military-
strategic requirements, along with weapons
procuremant.

I.2 THE EVOLUTION OF SBOVIET ICBM AND ABM BYSTENS

Given the continuity and goal-orientation of Soviet
military policy and process as described in the preceding sections,
it is not surprising that Soviet ICBM and ABM systems evolved in
the way that they bhave: continuously, steadily, and, in
consideration of Soviet strategic requirements and objectives,
rationally. One Soviet military official described the nature of
this process and the relationshipe within it as follows in 1973:

The mechanism employed reduces to the following:
proceeding from the needs of national security and those
tasks assigned the armed forces, military strategy would
pPresent requirements or place orders with scientists and
engineers to . develop weapons complexes and models with
specific performance features, while the defense industry
would be requested to manufacture a requisite cuantity
of the new weapon. This process takes place within the
framework of a unified national technolog%pal policy and
national economic [i.e., five-year] plan.

Within that framawork, the evolution of Soviet ICBM and
ABM systems is discussed below. The discussion focuses on selected
areas in which the U.S.~Soviet interaction has been and can be
expected to remain most direct. It must be remembered that neither
the Soviet strateqgy nor the research, development, and acquisition
process has changed significantly during the period under review,
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roughly 1960 to the late 1580s. What have changed are the threat
posad by the Soviet Union's adversaries, the nature of the target
base against which Soviet strategic forceas are directed
(particularly in terms of fulfilling counterforce damage
requirements), and the state of technology available to Soviet
system designers.

I.2.1 The Evolution of Soviet ICBM Systems

As stated previously, the evolution of Soviet ICBM systems,
in terms of offensive capability has been principally a function
of Soviet attempts to satisfy long-standing, internally generated
targeting requirements. Figure I-2 depicts the key milestones in
this evolution schematically, indicating Soviet and U.S. ICBM and
ABM systams developmental, testing, and operational milestones,
Soviet national economic plans, and other pertinent events.? Given
the Soviet Union's strategic orientation and direction, the
competition waged by the Soviets against the United States in this
arena has not been on a system-for-system, action-reaction basis,
as demonstrated below.

Examination of the various elements of the Soviet
warfighting and warwinning strategy leads to a number of
requirements that the Soviet Union would be axpected to have
established for its ICEM force. These reguirements, which would
constitute major drivers for force design, include:

e Capability to be launched preemptively in the event
that nuclear conflict is imminent, in order to prevent
the launch of enemy land-based missiles by attacking
them in their silos and to destroy other assets of
time-sensitive military importances.

e Capability to be launched on tactical warning in the
event of an enemy first strike.

e Location in hardened structures which are capable of
surviving a first strike before launch and posaibly
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being reloaded or, altarnatively, location at
positions unknown to the ensmy by being mobile or
movabla.

e An offensive kill probability as close to unity as
possible against hard and soft targets.

e Capability ef long service.

e Incorporation into the deployed force of a sufficient
reserve in order to continue to meet strategic
objectives in a prolonged war or under a variety of
contingencles.

The evolution of Soviet ICBM capabilities and gystems over the past
thirty years demonstrates a striving to meet these requirements.

The Soviet endeavor to acquire an intercontinental
nuclear-missile capability got off to a slow start, in spite of
the fact that the soviet Union tested an ICBM (the SS-6) before
the United states did. Even prior to this test in August 1957,
however, the Soviet leadership had recognized that the 55-6 would
be too expensive and ineffective as & missile system. The sixth
Five-Year Plan, which began in 1956, apparently reflected 2
decision to produce and deploy the SS-6 only in token numbers, less
+han ten. The plan included an allocation of resources to develop
the next genaration of ICEMs, the SS-7 and Ss-8, which would not
become operational until 1961, and, most importantly, 2 decision
to place production and deployment priority on two types of
IR/MRBMs, the S5-4 and S§5-5, in order to satisfy nuclear targeting
requirements against Europe and Asla.

Since the Soviet Union would not have an ICEM capability
to speak of until at least 1961, given the deficiency in the 85-6
and the shifting of priority to the IR/MRBM programs, Khrushchev
and his comrades embarked on a highly vocal deception program ==
a missile bluff -- to try to convince the world that the Soviet
Union had an effective ICBM capability in the 1950s. The U.S.
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U-2 program posed a problem for the Soviet 1leadership by
‘threatening to expose this deception. Moreover, the Soviet
campaign served to accalarate the pace of U.8. strategic missile
programs, notably Minuteman I and Polaris.

The seven-year plan that was initiated in 1959 included
the decision to embark on full-scale englneering development of a
generation of Soviet ICBMs that would hold the promise of
satisfying Soviet nucleaar targeting requirements against North
America: the SS-9 and S5s-11. These systems would not becconme
operaticnal until about 1966. In addition, development of a solid-
fueled missila, the 8$-13, which was a precursor to the Ss-1s,
§5-20, and SS-25 mobile systems, was begun.

As stated previously, the S5~9, with its multimegaton
(possibly 20 MT) warhead, was probably designed to attack the
hundred launch control facilities of the U.5. Minuteman force.
Technological and resource constraints prohibited the production
of sufficient §5-9s to attack each of the 1,000 silos individually,
particularly when Soviet two-on-one targeting for reliability is
considered. Allowing for reliability constraints, a force of about
300 55~98, would have ensured that all one hundred Minuteman launch
control facilities and other hard targets in North America such as
Titan IX silos and national-level command and control sites could
be destroyed to the required damage goals. The Soviet strategic
requirement to destroy U.S5. ICBMs preemptively was thus met by the
300 or so 88-9s, since destruction of the launch control facilities
would effectively disable the Minuteman force. The other priority
targets, such as military bases, military-industrial facilities,
nuclear weapons fabrication sites, and centers of political-
military control, could be destroyed by the approximately 1,000
B8-118 and sixty SS-138. In addition, this third generation of
misslles was based in hardaened silos, in contrast to the soft and
thersfore vuinarahlo 8S~78 and SS-Bs.
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The U.S. Strategic Air Command (SAC) deployed airborne
and redundant ground-based ICEM jaunch control capabilities in the
early 1960s, negating the effectiveness of this apparent targeting
mission for the SS-9s. Probably in response to the Strategic Air
Command's institution of redundant airborne launch control, the
Soviet military literature began to manifest an interest in the
effects of electromagnetic pulse (EMP) from a high-altitude, high-
yield nuclear explosion on ICBM guidance and command and control,
as well as on ballistic migsile defense radar and battle management
gystems.’ The Soviets apparently were drawing upon EMP research
they had performed during the atmospheric test series of the early
1960s and might have begun to count on the 8S-9 to generate EMP
effects against U.S. ballistic missiles in lieu of being able to
destroy silos or launch control centers. For example, a May 1968
article in Voyennaya mysl',6 the restricted journal of the Soviet
General Staff, stated:

... a considerable threat to the intercontinental
ballistic missiles are powerful nuclear explosions set
off at great altitudes, because the impulses of
elactromagnetic energy created by such explcsions can
put out of commission not only the on-board missile
equipment, but also the ground electronic equipment of
the launch complexes.'"

It is not known to what extent the Soviets had confidence in the

counterforce potential of the S55-95 as an EMP-generating force.

The Eighth Five-Year Plan was approved in 1966 and the
decision to proceed with full-scale development of the fourth
generation of ICBMs -- the 55-16, §s-17, SS-18, and SS~-19 -~ was
made under the auspices of this plan. The $S8-18 and S§-19, which
were developed by the same design bureaus as the S$8-3 and S8-11,
respectively, would have the capability to attack individual siles,

and thus to aensure that Soviet counterforce damage-limiting
objectives could be met.
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Those systems would not be deployed until at least the
sarly~ to mid-1970s, however, and additional stopgap measures were
apparently explored and in some cases deployed. These included
modified versions of existing systems, notably the S5-~% Mod 4 and
S§S-11 Mod 3, both capable of carrying and dispensing multiple (but
not independently targetable} reentry vehicles, and the SS-9 Mod
3. The SS-9 Mod 3 was a fractional orbital bombardment system
(FOBS), which could complete a low, partial orbit of the earth and
approach North America from the south, thus circumventing U.S. and
Canadian early warning systems. The SS-~% Mod 3 was deployed in
limited numbers (eighteen launchers at Tyuratam), however, possibly _
because of a combination of technical systems deficiencies and the
U.S. deployment of a space-based early warning capability.

It is worthwhile at this juncture to summarize the
forﬁgoing and assess the implications. Some Soviet ICBM systems
of the first three generations were for various reasons deficient
in their potential ability to satisfy the requirements of Soviet
nuclear strategy. Thaese deficiencies became most acute when the
United States began to base its ICEMs in hardened silos and
deployed an airborne ICEM launch control capability, thus
frustrating the counterforce mission of the §5-9s.

Rather than shift the counterforce strategy to something
that would have been more practical and credible at the time, such
as threatening to unleash the 300 58-98 on U.S. cities in the event
©of hostilities as part of a strategy based upon massive
retaliation, the Soviet Union retained the preemptive counterforce
strategqy and attempted to find ways to make it work. Thus, the
58-9 modifications were developed, tested, and deployed, and such
avenues as electromagnetic pulse were explored. In addition, the
strateqgic arms limitation and overall Soviet-western rapprochement
Processes were used by the Soviet Union as a means of offsetting
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their systems deficisncies. These political means accomplished
some militarily useful tasks for the Soviet Union. Among them were
the signing of trade and scientific-technological cooperation
agreements that facilitated West-to-East technology transfer, the
instilling in some circles of the U.S5. public and government of a
"gpirit of detente® accompanied by illusory notions concerning
Soviet strategic intentions and behavior, and an arms limitation
agreement that bought time for the Soviet ABM community.
Throughout this period, from about 1965-1966 until the initial
operational deployment of the SS-18 and 55-19 systems in 1974, not
only did Soviet nuclear strategy remain constant but also,
correspondingly, the strategic systems research, development, and
acquisition process remained on its usual, steady course.

The SS-9 Mod 4 and 55-11 Mod 3 were multiple reentry
vehicle systems, and most likely were intended to be precursors to
MIRV systems, i.e., the S5-18 and 85~19. It appears that S§-9 Mod
4 and 55~11 Mod 3 development and testing were begun at about the
same time as the Minuteman III MIRV development and testing were
begun, suggesting that Soviet and U.S. efforts in the MIRV area
waere conducted along parallel paths. In addition, the Soviets
conducted two space launches in 1964 (the Elektron program) that
demonstrated the principles of MIRV technology by placing multiple
satellites in different corbits from the same booster.

It appears, consequently, that the interest of the USSR
in MIRVed ICBMs in the mid-1960s was not a function of its reacting
to U.S5. MIRV development, but was an internally generated means to
satisfy its countersilo targeting requirements in a cost-effective
manner. BSince the United States was deploying 1,000 Minutenman and
fifty-four Titan II ICEMs in hardened silos, a single-RV Soviet
force would have had to consist of well over 2,100 ICBEMs, assuming
two-on-one targeting in order to meet damage objectives, just for
the countersilo mission, in addition to the ICBM forces required
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to attack soft targets and those required to remain in reserve.
‘The Soviet economy, in terms of manpower, materials, and production
resources, could not have handled such an undertaking, and the MIRV
solutlon was essential. Furthermore, U.S. ABM deploymant appeared
imminent, and the Soviets were faced with the requirement to
penetrate the defenses, possibly raising the cuantitative RV
requirement even further.

Soviet literature sources, tha nature of the Soviet
research, development, and acquisition process, and the history of
the technical evolution of Soviet ICEM systems all indicate that
Soviet missile design is driven largely by the nature of the target
set. With regard to the design of Soviet MIRVed systems, it is not
coincidental that as Soviet perceptions of U.$. silos have pointed
to increasing hardness, Soviet design parameters (primarily yield
anq RV accuracy) have changed accordingly in response.

Figure I-3 depicts the relationship between system yield
and accuracy for damage expectancy of 0.9 for two warheads per
target, total systems reliability 0.8.'" The Soviet weapon systenm
yield and CEP values were derived from an unclassified source.?
The diagonal lines on the figure represent the yield-accuracy
combination required to destroy a target of given hardness, using
Soviet nuclear weapons effacts methodology and the targeting
parameters specified. The hardness figures displayed represent
Soviet unclassified estimates concerning U.S. silos, ranging from
14kg/ca’ (200 psi) for Titan II, to 21 kg/em® (300 psi) for
Minuteman II, to 60kg/cn’ (850 psi) for upgraded Minuteman IT and
III. The 140 kg/cmz range represents a single literature source
from 1980 and may be spurious, although current research on Soviet
hard target vulnerability suggests that the Soviets may consider
140 kg/cw’ (2,000 psi) to be the upper 1limit of ICBM total systen
hardnees, taking inte account ground-shock effects on the mimsile
structure, guidance system, and silo launch components. Also
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displayed in Figure I-3 is the year of initial deployment for each
systenm.

The figure shows that the S8S-17 Mod 1, S8-18 Mod 2 and
85-19 Mod 1, all MIRV systems, are well suited for a two-on-one
attack against a silo of 21 kg/cm® hardness. The SS-18 Mod 4,
deployed in 1979, is suitable against 60 kg/cm®’. The multiple
reentry vehicle systems shown in the figure, the SS-1i1 Mod 3 and
8S-9 Mod 4, are not sufficient for the lowest silo hardness value.
It should be noted that the hard-target capability of the systems
has improved over time. Since the Minuteman silo upgrade program
began at about the same time as the S5-18 Mod 2 and 55-19 Mod 1
MIRVs were being flight-tested and deployed, it is probable that

the later modifications were stimulated by the U.S. program.

In gquantitative terms, the Soviet ICBM force, with over
6,600 warheads (most of which are on MIRV systems and highly
accurate), is well suited to carry out Soviet astrategic missions
against U.S. missile silos and the other types of targets (mostly
soft) listed above. Even after a major attack against the
continental United States, assuming that 2,500 warheads were placed
against 1,000 silos (to allow for probability of arrival) and 2,000
against the soft target array (taking into account the high degree
of target colocation in'the continental United States), over 1,500
warheads would remain. This residual force, supplemented by about
3,000 SLBM warheads, which have not been addressed in the present
study, constitutes a reserve force conaistent with the Soviet
strategic requirement to be able to fight and win a war under a
variety of conditions, including protracted conflict.

While Soviet ICBM warhead performance since the mid-1970s
Appears to have improved along with the increasing hardness of the
U.8. target array, Soviet ICBM basing appears to have been
stinulated by changes in the threat posed by U.S. nuclear systens.

Al
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The actual hardness of Soviet silo and missile systems is a matter
of considerable uncertainty and controversy; nevertheless,
qualitative milastones in the Soviet endeavor to provide increasing
protection for the ICBM force can be discerned.

The first major hardening progran occurred with the
advent of the third generation of Soviet ICEMs, the S5-9s, S§S-11s,
and 8S-~138. Since the full-scale engineering development decision
for these systems occurred roughly at the same time as the U.S.
decision to develop Minuteman I, it is possible that the Soviets
were rasponding to an emerging or anticipated U.S. counterforce
capability with the hardening. Prior to the replacemerit of those
systems with the next generation of ICBMs, the S5-17s, SS-18s, and
5S-198, the Soviets began a silo upgrade program in about 1972.1
The fact that the SS-17 and SS-18 systems could be cold-launched
enabled the =silo diameters to be decreased, since the space
formerly required for hot-launch exhaust gases would not be neaded
for these systems, permitting additional concrete and reinforcing
stesl to ba added, thus further hardening the gilos. This may have
been the driving factor in Soviet introduction of cold-launch
systems, although the benefit of being able to reload a cold-launch
silo for follow-on strikes fairly rapidly without having to repair
the silo cannot be discounted as the major motivation.

Interestingly, the developmental decision for the fourth-
generation systems occurred at about the same time as the U.S.
decisions to proceed with Minuteman III and the Mk 12 reentry
vehicle, suggesting again a causal relationship between U.S.
counterforce capabllity as perceived by the Soviets and Soviet ICBM
basing. Another Soviet silo refurbishment program began in 1979
at about the same time that a portion of the U.S. Minuteman force
began to receive warhead and guidance upgrades in the form of the
Mk 12A reentry vehicle and the INS-20 guidance system.’ It is
difficult to determine precisely when the Soviet decision on the
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1979 silo upgrading occurred, but throughout the 19708 the United
States conducted a numbar of MIRV and maneuvaring reentry vehicle
(MARV) design and testing activities, so the Soviets could have
been stimulated to harden their siles further.

The most significant development in Soviet ICBM basing
since the introduction of the s8iloc has been in the area of
moblility. Concurrent with the inception of the 88-17, 58-18, and
§8-19 programs in 1966 waa the §5-16, a solid-fueled, mobile ICBEM
system. Although the single-warhead S55-16 was not deployed, a
variant of the system, the S58-20, was developed, produced, and
deployed as a mobile IRBM system with three MIRV warheads per
missile.

Full-scale development of the fifth-generation Soviet
ICBM systems was approved in 1976 -~ the rail-mobile S85-24 and the
road-mobile §5-25. Although Soviet interest in mobile ICBM systems
was demonstrated by the §S-16 and SS-20 programs, the decision to
proceed with the fifth-generation mobile systems may have been
motivated by the U.S8. decision in 1974 to proceed with MX and with
the Mk 12A warhead. In addition, the Soviets may have begun to
believe around this time that there was an upper bound to silo-
based ICBM system hardness. The U.S. activity in the area of
highly accurate reentry vehicles in the early- to nid-1970s
certainly could have motivated the Soviets to develop a basing
alternative, if in fact they accepted an upper bound. This
motivation would have been further reinforced by the U.S.
cancellation of hard rock silo ICEM basing program, which the
Boviets observed with great interest, possibly with the hopes of
adopting a similar method if it had worked. It proved infeasible,
however, and the Soviets have commented on the technical and cost
considarations that led to the program's cancellation.””  Given
the highly accurate reentry vehicles being developed in the United
States and the poor prospect for hard rock basing alternatives for
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Soviet ICBMs, mobility offered at least the advantage of target
location uncertainty as compensation.

The Soviet preference for using a portion of the ICBM
force in a preemptive counterforce role should war be percaeived asz
imminent, and the Soviet recognition of potential problems inherent
in mobile-missile command and control make it unlikely that the
Soviet Union will abandon silo basing. The 88-18 and its direct
successor, which would have gone into development at the beginning
of the Eleventh Five-Year Plan (1981), as well as the S$$-19, will
remain as the mainstay of the counterforce posture, particularly
since the U.S. degree of interest in MX probably does not elicit
the same reaction in Moscow as did U.S. activities of the 1960s and
1970=s. Nevertheless, the Soviets probably see the MX ICEM and
Trident D-5 SLBM as potential threats to the silo-based Soviet
force, if Soviet preemption should be unsuccessful due to a U.S.
launch on warning or even to a U.S. first strike. The mobile
force, consisting of 5S-24s and SS-253, and the Soviet SLBM force
constitute the missile reserve that is stated as an explicit
requirement in Soviet strategic writings.

I.2.2 The Evolution of Soviet ABM Systems

Consideration of the overall framework within which
Soviet BMD systems development has been conducted is integral to
the understanding of the systems' evolution. The major features
of this framework ware described above, but bear repeating in the
presant section.

A necessary element in the Soviat nuclear warfighting and
warwinning strategy is the limiting of damage inflicted upon Soviet
territory. In particular, key Soviet political, military, and
economic institutions and individuals (i.e., the national
infrastructure) must survive and their continuad functioning must
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be ensured. This is the sine gua non of the Soviet concept of
victory, and a number of systems and procedures have been developed
and maintained in accordance with this basic requirement.

Among these are a strategic force poasture that emphasizes
the leunching of preemptive counterforce attacks, including
counter-C’, if strategic nuclear warfare is perceivad to be
imminent; the conduct of ASW operations against enemy nuclear-
powered ballistic missile submarines (SSBNs) and antisatellite
operations; protection of Soviet forcas and command and control by
means of redundancy, hardening, mobility, and concealment:
deploymaent of air defenses; plans for the sheltering and reloccation
of key segments of the leadership and industrial work force; and
the deployment of active ballistic missile defenses. None of these
provisions is intended to fulfill the damage-limiting requirement
by itself, so that deficiencies or leakages in one area can be
conbnnsatad by successaes in other areas.

The present study of Soviet defense against ballistic
missiles deals solely with active defenses, that is, ABM
interceptor missiles and associated radars, although the role of
ABM within the total Soviet damage-limiting environment should be
Xept in mind.

'Soviaet ABM research and development, as mentioned
previously, was bequn in the late 19408 as a concomitant to the
Boviet ICEM program, in anticipation of eventual U.S. development
of ICBMs. The development decision for the first deployable ABM
nissile, designated in the West as the Griffon, was made in about
1952, at the beginning of the Fifth Pive-Year Plan. This coincides
roughly with the start of the U.S. Nike-Zeus program. Although
deployment around Leningrad was begun in 1962, the program was soon
balted, presumably because the system proved unable to perform its
mission against Polaris and Minuteman reentry vehicles. The U.S.
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Thor and Jupiter IRBMs, against which the Criffon was probably
originally designed, were withdrawn from Europe as a result of the
Kennedy-Khrushchev bargain to end the Cuban Nissile Crisis in 1962.

In spite of setbacks in the Soviet ABM program in the
rly 19608, the Soviet leadership (particularly Khrushchev)
attempted to conduct an ABM bluff similar to the missile bluff of
the late 19508. In his spaech to the twenty-second party congress
in October 1961, Khrushchev claimed that "the Problen of destroying
rockets in flight has been successfully solved."™®  Marshal
Malinovskiy, the Soviet minister of defense at the time, made a
similar statement to the same party congress. During an interview
with a group of U.S. newspaper editors in July 1962, Khrushchev
claimed that Soviet missiles could "hit a fly" in outaer space.'
Despite these remarks, which obviously were for public and foreign
consumption, Soviet military officials were expressing realistic
assessments of the role and capability of Soviet ABM in their
internal publications. According to the most authoritative Soviet
strategic document of the 1960s, Marshal Sokolovskiy's Vovennava
strategiva (Military Strategy), "it muset be taken into account that
under present-day conditions the methods and means of nuclear
attack unquestionably predominate over the methods and means of
protection against them."® That formulation appeared in all three

editions of Yovennava strategiva: 1962, 1963, and 1968.

In November 1964 the Galosh long-range ABM interceptor
missile was displayed in the annual military parade in Moscow's Red
Square. The Galogh was part of the ABM~1 system that started
deployment around Moscow shortly after the parade. Judging from
the the flight test and deployment dateg, it can be surmised that
approval for full-scale engineering development of the system was
granted around 1956, concurrent with the beginning of the Sixth
Five~Year Plan; when that plan was curtailed three years later to
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make way for the seven-year plan, the ABM program apparantly did
not suffer.

As deployed in the 1960s, the ABM-1 system consisted of
slixty-four reloadable above-ground launchers at four complexas
around Moscow; battle management radars were deployed southwest of
Maoscow. The Galosh mnissiles were armed with nuclear weapons and
designed for exoatmospheric intercept of approaching warheads.

The ABM-1 system apparantly was placed around Moscow for
several reasons. In the first place, Moscow is the political,
economic, military, and cultural center of the Soviet Union and
therefore demanded priority protection. No single U.S. city is
comparable in its worth to the U.S. leadership and population.
Second, there were approximately 300 ICBM launchers within the
Moscow defense region that could fall under the Galosh's protective
umbrella. Third, at that time Soviet officials probably believed
that the Moscow-based interceptors were only the initial stage in
a ballistic missile defense that ultimately would have nationwide
coverage.

It soon became apparent to Soviet officials that the
ABM-1 system had major deficiencies, the most serious of which were
brought to light in 1968 when the U.S. Minuteman III filght-test
program started, since the Soviet syatem could be saturated by a
NIRVed force with penetration aids. Compounding this was the U.S.
developnent of Sentinel, an ABM system that was ten to fiften years
ahead of ABM-1 in technical capability. Although Sentinel was
originally planned to constitute an urban defenze system and
therefore did not impact heavily on the Soviet counterforce
strategy, the asymmetry in relative Soviet and U.S. technological
provess wvas disturbing to the Soviet Union. When in early 1569 the
United States announced that Sentinel was being transformed into
the Safequard program and its role in this latter form would be to
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protect Minuteman launch complexes, the future efficacy of ongoing
Soviet MIRVed ICBM programs and thus of Soviet damage-limiting
strategy in general was seriously threatened.

Given the Soviet deaire to buy time for their lagging
ABM program and their reguirement to prevent Safeguard from
negating the counterforce capability that would bacome operational
in the mid-1970s, the Soviet leadership decided in the early 1970s
to emphasize ABM treaty negotiations. Under the terms of the
treaty signed on May 29, 1972, each side was restricted to two ABM
gites, one in defense of the national command structure (i.e., the
respective capital cities}) and the other in defense of an ICBM
launch complex. Each site was restricted to one hundred ABM
launchers and interceptors. Consecuently, the MIRVed ICEBM force
that the Soviets would be deploying within a few years would be
able to pursue its preemptive counterforce role with ralative
impunity, and the Soviet Union would also have the opportunity to
conduct the necessary research and development under the treaty to
attempt to overtake the United States in ABM technologies. The
Protocol to the ABM Treaty, signed in July 1974 and effective in
May 1976, decreed that each party could deploy only one of the two
sites identified in the original treaty. The Soviet Union
designated the extant Moscow deployment, upgrade plans for which
ware well along, as its site; the United States chose to deploy its
ABM defense at an ICBM site, but the Safeguard system was
dismantled one month after deployment wasg completed.

As in the ICBM cases discussed earlier, the Soviet Union
did not allow frustrations in the ABM area to result in policy or
strategy reversals. It appearzs that Soviet cfficials searched for
interim solutions to existing deficiencies and found them, by
design or happenstance, in the arms control arena. The extant to
which the Soviet leadership recognized the shakiness of the U.S.
commitment to strategic defense before the Safeguard progran vas
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canceled is unknown. Nonetheless, the ABEM Treaty, assunming
oontinued U.S8. compliance, still would have pravented the 5S-18s
and 5S5-198 from becoming obsolete before they were deployed,
regardlexs of U.S. determination.

In about 1966, shortly after the initial Galosh
deployment began, an upgraded and expanded ABM system for the
defanse of the Moscow region entered into development. Deployment
began in 1979-198C and is expected toc be completed in 1990. The
upgraded Moscow system consists of one hundred silo-based
interceptors of two types: Upgraded Galosh-type exoatmospheric
intercept missiles and U.S. Sprint-type high acceleration missiles
for endoatmospheric intercept. In addition, the upgraded
interceptor system has a new family of engagement radars, as well
as a largs engagement radar located in the northern Mescow suburb
of Pushkino. Coupled with passive defense measures and the
pru@nptiv. counterforce strateqgy, the upgraded Moscow system
provides a modicum of protection for essential Boviet assets
located in the Moscow area, as well as constituting a model for
additional ABM deployments throughout the Soviet Union in the event

that the ABM Treaty were nmutually dissolved or the Soviets made a
unilateral breakout.

The U.S. government has announced that a large Soviet
phasad-array radar at Krasnoyarsk, in southern Siberia, is designed
for ballistic missile detection and tracking and that it violates
the geographical and azmuthal restrictions on radars in the ABM
Zreaty. According to official U.S. sources, the existence of a
radar such as that at Krasnocyarsk, together with a rapidly
deployable ABM capability that has been in development in the
Soviet Union since the mid-1960s (also a violation, since mobile
ABM systems or components are prohibited by the treaty) constitutes
& Soviet capability to rapidly deploy ABM defenses in selected

regions of the Soviet Union beyond the current Moscow defense
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system.” Massive deployments of this type would not be

inconsistent with the Soviet commitment to damage limitation,
warfighting, and warwinning.

Of particular interest in connection with the U.S.~Soviet
nilitary competition is the role of technology transfer from the
West to tha Soviet Union in the Soviet effort to develep and build
advancad ABM systens. For example, the Soviet ABM battle
management capability has been made possible largely as a result
of Soviet development of the Ryad series of high-speed computers.
This series is based directly on the IBM 360 and 370 series
computers, which it is believed waere illegally diverted to the
Soviet Union by way of Eastern Europe in the early 1970s.® The
vigorous ABM research and development program that the Soviets have
conducted for the past three decades, unimpeded by the 1972 treaty,
has apparernitly had a major technology transfer component. In
addition to the clandestine acquisitions of Western computational
and sensor equipment as in the IBM-Ryad case, this includes
systamatic efforts to observe, examine, and assimilate U.S. R&D
programs and results, both legally (through open literature and
scientific exchanges) and illegally.

In addition to the interceptor-missile types of ABM
systems discussed above, the Soviet Union has been engaged in such
advanced BMD research and development as lasers and particle beanms
since the mid- to late-1960s. While U.S. research and developmant
in these areas had been diffuse prior to the formation of the
Strategic Defense Initiative Organization and often was dirscted
towards objectives other than ballistic misaile defense, the Soviat
effort has characteristically been managed and coordinated by a
central authority in the Ministry of Defense and continuously
applied to ballistic missile defense.
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In summary, the Soviet ABM program is one slement of a
comprehengive nuclear warfare damage-limiting posture that includes
such diverse but centrally coordinated components as a preemptive
counterforce strategy and capabilitiea; mobile ICBMs and IRBMs;
measures for protecting the key political, military, and economic
institutions, individuals, and c through redundancy, hardening,
mobility, and concealment; air defense; and civil defense.

The Soviets have sought to compensate for technologlical
deficiencies in both the ICBM and ABM areas in similar ways by
attampting to buy time until the requisite technelogies and systems
could be developed and acquired. 1In the ICBM case, this included
the development of a system (the SS-9) that could attack U.S. ICBM
launch control faciljities for want of a countersilo force; when
this missjon was frustrated, the Soviets explored alternative
danmage mechanisms (e.g., electromagnetic pulse) and arms control.
In the ABM case, arms control agreements directed at both U.S5. ABM
systems and strategic offensive systems allowed the Soviet Union
to pursue a vigorous R&D program while freezing U.S. ABM
deployments and inhibiting U.S. BMD research and development.

Whereas the United States generally has used the arms
control process as a means for promoting mutual deterrence and
etability, the Soviet leadership apparently has different uses for
arms control. In line with the centralized, hlerarchical nature
of Soviet decision making, Soviet arms control policy is
promulgated and implemented by the same group of elités that makes
all national-level political, military, and economic decisions.
There is no arms control advocacy group per se in the Soviet Union;
the Soviet military, under Politburo auspices, appears to be the
predominant elite among those institutions that participate in the
Boviet arms control process, particularly since the military has
& virtual monopoly on weapon system data and analyses.
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The Soviet Union, therefore, has usad arms control to
buy time in cases in which an asymmetry favored the United States,
‘such as in the case of the ABM Treaty, or to codify an existing
imbalance that favored the Soviet Union, as in the case of SALT II.
In addition, the Soviet Union appears to have coordinated the arms
control process with its weapon system testing programs, as
evidenced by the ICBM fourth-generation tests that were conducted
before the ink had dried on the SALT 1 agreement. In addition, the
ABM Treaty five-year review cyclas have occurred at peints when the
Soviets have just approved development funding for future programs
and are ready immediately to flight-test systems that have been in
development, thus facilitating the coordination of possible Soviet
treaty actiona with development programs.

The most important themes that emerge from the foregoing
brief discussion of the evolution of Soviet ICEM and ABM programs
are that the deeply-ingrained Soviet strategy of nuclear
warfighting, damage limitation, and warwinning has remained the
primary driver for at least three decades; it was not abandoned by
the Soviets even in the face of technological adversity. In
devising and implementing competitive strategies vis-a~vis the
Soviet Uhion in the strategic force arena, therefore, the United
States will have to understand and accept the constancy of Soviet
strategy and of the Soviet weapons research, development, and
acquisition process and attampt to exploit these tendencies to U.S.
advantage.

I.3 IMPLICATIONS FOR THE LONG~TERM U.8.-SOVIET MILITARY
COKPETITION

The foregoing discussion of Soviet stratagy,
requirements, research, development, and acquisition practices, and
systens evolution in the ICBM and ABM areas raises a numbar of
issues partinent to the long~term U.S.-Soviet military competition.
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As was indicated in the discussion, Soviet intensions and behavior
in the ICBM and ABM realms generally have been 2 function of the
fundamental Soviet requirement to achieve and maintain the
capability to realize a longstanding, consistent military strategy.

Several substantive and procedural qguestions have been
raised as a means for framing sallent elements of the competition.
These questions and the answers that ewmerge from the present

appendix (complemented by othar pertinent studies) are presented
below.

I.3.1 Substantive Quesgtions

1. What are enduring (i.e., expected to last for at
least twenty years) Soviet strengths and weaknesses relevant to the
long~term military competition?

In sorting out Soviet strengths and weaknesses, it
becomes apparent that a given strength can be a weakneéss and vice
versa, depending upon the precise circumstances and especially upon
the competitive actions taken by the United States with regard to
that strength or weakness. For example, the Soviet R&D and
military institutions' ability to operate in relative secrecy is
a definite strength in that it permits technological surprise,
covert developments, and lead-time advantages; however, this same
penchant for secrecy in the Soviet RiD community also prevents the
communication and cross-fertilization of concepts and ideas between
scientists and engineers in different institutions (and in some
cases within the same institution), thus potentially hindering the
pace of Soviet scientific-technical achievement.

With that dialectic in =mind, the following Soviet

strengthe and weakneeses of an enduring nature in tha strategic
force arena are presented:
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Strengths

Consistent and long-standing set of policies,
strategles, goals, objectives, and practices that lead
to an internally consistent, ratiocnal, and utilitarian
force posture.

Centralization of authority and coordination of
activities at the highast levels of Soviet political-
military power, resulting in a strong commitment to
weapons programs and integrated arms control and
weapons acquisition policies and behavior.

Incremental, cyclically paced improvements in weapon
systems which, while often a slow means for fulfilling
a requirement, nonethelesas almost always result in an
improved force posture over the long term.

A tendency to develop, produce, and deploy even a
system with rudimentary capability ¢to fulfill a
requirement, with the expectation that successor
variants or systems will ultimately be fielded that
will achieve the required effect.

A requirement and ability to operate in secrecy, as
noted above, including the use of propaganda and
deception.

An absence of domestic public opinion and political
constraints on developments, deployments, and treaty
violations.

A huge geographical expanse that complicates the
reconnaissance, intelligence, and targeting problem
for adversaries, particularly when coupled with Soviet
secreacy.

Weaknasses

An ideology and concomitant obsassion with fulfilling
strategic regquirements that are based on it that allow
little leeway for flexibility and adaptability in
strategy and supporting force posture.

Incremental tendencies and cyclical nature of the
weapons approval process that make assimilation of new
concepts and technologies in a timely manner
difficult.
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® The inhibitions on transfer of ideas and information
within the Soviet systems that is fostered by the
penchant for sacrecy.

e The existence of sevaral adversaries or potential
adversaries with capabilities to deliver nuclear
weapons against Soviet territory.

¢ Inherent and profound social and sconomic problems,
including a lack of skilled manpower, a high rate of
alcoholism, and problems with the incentives and
investment structures in both industrial and agrarian
sectors of the economy.

2. What are temporary (i.e., expected to last for ten to

twenty vears) Soviet strengths and weaknesses relevant to the long-
term military competition?

a, Strengths

e Deployment of an ICBM force that can destroy a major
portion of the U.S. ICBM silos and other hardened
fixed sites in addition to the soft target array and
maintain a residual for follow-on attacks.

® The only operational ABM system in the world.

¢ A land-mobile ICBM force component, elements of which

currently cannot be located and targeted by the United
States.

e A hardened and redundant C gystem for release and
control of nuclear forces.

® An economy that can continue to maintain strategic
force developuent.

b. Weaknessas

® Potential difficulty in assimilating advanced
technologies into the strategic weapons inventory in
the late 19908 and beyond without creating major
perturbations in overall national economy, as happened
in 1959 with the introduction of ICEMs.

3. What actions (technology applications, new
oparational concapts) are the Soviets pursuing or might they pursue
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to take better advantage of Soviet strengths and U.B. weaknesses
in the long-term military competition?

As noted throughout this appendix, Soviet developments
in the ICBM and ABM areas have been driven principally by the
demands of the warfighting, damage-limiting, warwinning strateqgy.
Systems improvements within that context have been a function of
both (a) the requirements imposed by the nature of the target set
and the perceived threat to Soviet forces and institutions and {b)
the state of technology available to Soviet sacientists and
designers, particularly as it can be incorporated incrementally.
Such U.S. weaknesses as the failure to base MX in a survivable mode
and the controversy over whether the SDI system could or should
ever be deployed probably elicit no new actions on the part of the
Soviets, but reinforce the trends of the past fifteen years or so:
continue to improve the accuracy of MIRVed ICBM systems, continue
to develop and deploy mobile missile systems, and continue to
develop and deploy ballistic missile dafenses.

In the political arena, the Soviet Union can exploit a
U.S. weakness -- the vulnerability of weapon system programs to
fickleness, public and congressional pressure, and changes in
administration -- by continuing to use propaganda, deception
(termed "active measures" by the Soviets), and arms control to
Soviet advantage.

4. What are notable past Soviet successes and failures
in the long~term competition? what lessons can be learned from
these successes and failures?

a. Soviet smuccesses

e Davelopment and deployment of a MIRVed ICEM force that
c:?, by most estimates, destroy most U.5. missile
silos.
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e Davelopment and deployment of a silo-based ICBM force
with req('.siaita hardness, a hardenad and concealed
nuclear capability, a mobile ICEM capability, and
sufficient guantities of missiles and warhsads to
ansurs the retention of a residual force after the
priority hard and soft target sets in North America
and Eurasia have been attacked.

¢ Development and deployment of an AEM system around
Moscow and development of components for an ABM system
that can be deployed over a largs region of the USSR.

e In the Soviet perception, deterrence of the United
States from attacking the Soviet Union (and of NATO
from attacking the Warsaw Pact).

e In the Soviet perception, "forcing" the United States
to enter into arms control, trade, and other .
agreements as a result of Soviet accession to 2
position of power based upon strategic missile parity.

In the Soviet perception, helping to cause U.S. self-
restraint 1in strategic weapons programs (e.g.,
cancellation of Safaguard, freezing of Minuteman force
levels) through arms control negotiations and the
overall spirit of detente, while Soviet programs
proceeded at a steady pace.

b. Soviet failures

® If they can be considered Soviet failures in the
competition, rather than lapses in the Soviet attempts
to condition U.S. self-reatraint, the devalopment and
deployment of the Trident DS, the MX, the B-1, the
ALCM, and SDI would fall into this category.

The major lesson learned, repeated saveral times in this
paper, is that the Soviet Union has strived and will most likely
continue to strive to achieve the requirements of its military
strategy. The major instruments in the Soviet drive are a stable,
cyclical weapons research, development, and acquisition process and
a repertoire of political means such as arms control and active
Reasures. The disjointedness of the U.5. strategic weapons effort
stems not only from inherent factors that are external to the
competition (e.g., two-party system, free press, lack of experiance
vith threats to the homeland), but also from Soviet efforts to
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convince the United States that the Soviets have adopted Western
views of parity, mutual deterrence, and assured destructlon and
thus have abandoned the warfighting, damage-limiting, warwinning
strategy.

I.3.2 Procedural Questions

1. wWhat is the nature of the coupling between U.S. and Soviet
competitive actions?

®# Mechanisns.

® looseness or tightness of the coupling; time .
constants.

® Models of how each 8lde officially "notices™
competitive stimuli and responds.

Since the beginning of the 1960s (i.e., start of the
seven-year plan), the Soviets have maintained their side of the
competition with the goal of achieving the major elements of their
strategy. As indicated above, they have not been concernaed with
system-for-system competition, but with (1) deatroying the priority
target set and (2) survivability of Soviet forces and inatitutions.
Therefore, U.S. MIRV developments were not met with Soviet MIRVs
(which were under development concurrently), but with increased
Soviet silo hardness and development of mobile basing mnodes.
Soviet bshavior and intentions vis-a-vis the ABM Treaty, which were
competitive in nature, were a function of the relative status of
each side's ABM and ICBM forces at a given point in time, as
assessed by the Soviets in terms of the overall strategy.

The looseness or tightness of the coupling is often
dirficult to discern. For instance, the increase in Soviet MIRVed
ICBM capabilities compared with Soviet estimates of U.S. silo
hardneess, as discussed above, might suggest a coupling. On the
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other hand, Soviet efforts to improve the capabilities of their
ICENs against hard targets may have reflacted an evolutionary
process that continued independently of these perceptions.
Similarly, it is difficult to determine if Soviet silo upgrade
prograng and the eventual emphasis on mobile systems were direct
responses to the Mk 12, Mk 12A, and other U.S. warhead and reentry
vehicle taesting programs, or if an assumption made in the mid-1960s
that reentry vehicles would eventually achieve extremely low CEPs
drove Sovist basing in those directions. Complicating the analysis
is the fact that, while Soviet programs are usually first observed
when flight testing begins, U.S. programs may be disclosed much
earlier in congressional testiwmony and debates and in disclosures
of clasasified program data published in the press. A further
complication that confronts the Soviets is the U.S. tendency to
cancel a program for reasons that the Soviets would consider
irrational, such as the dismantling of the Safeguard system at
Grand Forks and the cancellation of the planned multiple protective
shelter (MPS) baming of MX. Therefore, the Soviet Union probably
has to operate more on the basis of anticipation of technical
capabilities and technical limits than by responding to a specific
planned procurement. This mode of response is necessitated by the
Soviet requirement that basic elements of the strategy be
attainable, rather than a requirement to match U.S. programs on a
systen-for-system basis.-.

2. Soviet approaches to the long-term military competition
® By what means do the Soviets assess the state of the

competition and evaluate alternatives?

® What is the current Soviet assessment of the state of
the competition likely to be?

e How best to project future Soviet competitive actions?

® Are robust or adaptive U.S. competitive moves viable?
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In the arsa of ICEBM and BMD forces, the BSoviets
apparently assess the state of the compatition in terms of the
ability of each side to inflict damage on the other's peolitical,
military, and economic assets sufficient to create the conditions
for victory as defined by the Soviets. This includes such factors
as the damage potential of the offensive forces against hard and
soft targets; the readiness and responsivenass of the forces in
preemptive, launch-on-warning, retaliatory, and protracted-war
scenarios; and passive and active defensive measures deployed by
each side to limit the damage.

Although the Soviet achievement of parity in the number
of ICEM launchers with the United States in 1969-1970 was regarded
by the Soviet Union as an important benchmark at the time, Soviet
measures of the state of the competition since then are different
in nature. As noted, the Soviets are concerned with the conditions
for victory and with the weapon-target combinations pertinent to
Soviet-on-U.S. and U.S.-on-Soviet attacks and the effects of the
attacks on the satisfaction of the victory conditions define
competition in the ICBM and AEM areas.

The Soviet assessment of the state of the competition in
the early 1980s probably was favorable, given the ability of the
USSR to destroy U.S. silos and the ability of the Soviet defensive
measures, particularly passive defenses, to protect key assets such
as leadership. But several U.S. ICBM and active and passive
defense programs threaten the prospect of being able to satisfy the
requirements of Soviet strategy in the future; these include the
Trident D=5, the Strategic Defense Initiative, enduring c '
continuity of government programs, and the hardened mobile launcher
(small ICBM) prograsm.

Future Soviet competitive actions, in light of these
trends on both the Soviet and U.S. sides, can be expected to
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include continuation of mobile ICEM, ABM, antisatellite, and ASW
development, testing, and deployment; continued active measures
operations to attempt to generate U.S. sentiment to curtail the
threatening programs: and arms control.
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QLOBSARY

Competition. A condition in which two or more rivals
seek to gain the same object simultaneously; in which not all the
rivals can gain this object, so there are winners and losers: and
in which the vying of the rivals is governed by some sort of rules.
In the context of the U.S.-Soviet competition, the term refers to
the contest between the two suparpowers for power and influence in
world affaire.

Competition Planning. The process of analyzing the
competitive environment, setting goals relating to pursuit of the
competition, and developing strategies and plans of action for
achievement of these goals.

. Planning games that
specifically are focused on understanding the range of plausible
U.S., Soviet, and third player moves and countermoves associated
vith a given set of U.S. competition goals and strategies.
Competition planning games should also indicate the range of future
states of the military competition that are likely to result from
a given set of U.S. goals and strategies.

Competitive Action. An action taken in a specific subarea
of the competition that is intended to achieve, or contribute to
the achievement of, a specific competitive goal.

Gompetitive Advantage. A benefit attained in the long-
term military competition by exploiting one's strangths or an
adversary's weaknesses. Realizing a competitive advantage involves
actions (e.g., the expenditure of resources) to convert strengths
and weaknesses to tangible benefit in the competition. The concept
of competitive advantage is dynemic. Ssuch advantage can increasa
or diminish with time, and understanding the process of decline is
an important analytical task.

Competitive Environment. All aspects of the world
situation that (1) can affect the U.S.-Soviet military competition
or other military competitions of interest toc the United States and
(2) are not controlled directly by the defense planning process
within the executive branch of the U.S. government. Examples
include economic, demographic, and technology trends; Soviet goals,

strategies, and actions: and third Player goals, strategies, and
actions. '

Compatitive Goal. A specific objaective in the long~term
nilitary competition to be achieved within a specific period of

time. Such goals could involve influencing Soviat or third party
investments or behavior in particular ways or achieving defined
states in the future military balance in a particular region.

: - The ability to dictate the
agenda or set the pace in a particular area of the competition, for
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example by keeping an adversary reacting to one's actions instead
of undertaking initiatives of his own.

cogpetitive _ Leverage. The ability to make
disproportionately large gains in the competition in relation to
the resources expended on a competitive action or strategy.
leverage may be measured in terms of an adversary's cost to
respond, or the stresses imposed by an action or strategy on an
adversary's military or industrial establishment.

Coppetitive Position. The ability of one side relative
to the other to compete in the future. The concept of competitive
position includes strengths, weaknesses, current competitive
advantages, and who holds the competitive initiative in various
subareas of the competition.

. An initiative by the
secretary of defense to use the concept of competitive strategies
as a long-range planning tool. Thia initiative was carried out
through the competitive strategies council, which was chaired by
the secretary of defense and consisted of top DoD civilian and
military officials.

coppstitive ptrategy. A set of inter-related competitive
actions which, pursued together, are designed to achieve
competitive goals in one or more subareas of the competition or in
the competition as a whole.

- . Two-sided analysis of the
performance of military forces in various military contingencies
or war scenarios, with an emphasis on understanding how each side's
forces affect the likely war outcome in each contingency. Combat
outcomes in a contingency analysis can be used as a measure of the
U.S. praference for future military balances and, therefore, the
U.S. preference for future states of the military competition.

. Those opposing force engagements
in various war scenarios that most powerfully affect the course,
pace, and outcomes of these wars.

. The process of monitoring a specific part of
the competition planning process, adversary actions, or other
aspects of the competitive environment, and modifying U.S.
competitive goals, strategies, or actions in light of the rasults
of this wmonitoring, all with a view toward improving U.S.
performance in the military competition.

Iteration. Repetition of parts of the competition
planning process or supporting sequence of analyses in order to
take advantage of feedback.

Long-Term Militery Competition. The military competition
between the United States and the Soviet Union. This terminology
is intended to highlight both the deep historical roots of this
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competition and the need to look forward twenty years or more into
the future in developing U.S. goals and gtrategies for competing
affactivaly.

Military Balapnce Assesament. A net assessment of the
balance of opposing military forces that consists of the analysis
of past and projected future trends and asymmetries in this force
balance and the evaluation of the relative combat capabjlities of
the sides in a range of plausible war scenarios.

. Another term for competition
planning games.

Planning Games. Politico-military games in which the
gimulated environment is a period in the future in which each side
makes declsions about military research and development,
acquisition, force deployments, arms control, and othar aspects of
peacatime force planning for the purpose of understanding the
military force balances that are likely to result through a
competitive process that plays out in a multipolar environment.

- . Simulation of past, current,
or future politico-military situations in which human players
assume roles within the simulated environment. The players
normally are organized into teams that may compete or cooperate
with one another, within assumptions and constraints specified by
the game scenario.

Rortfolio Management. A set of planning technigues that
is designed to limit or control the risks inherent in any one or
more satrategies or actions within a subarea of the competition or
across several subareas. These technigues should also make it
easier for the United States to exploit new opportunities for
realizing competitive advantages when they appear. Exawples of
portfolio management techniques include multiple, partially
overlapping, competitive goals and building into U.S8. strategies
and actions the ability readily to adapt to Soviet actions or cther
changes in the competitive environment.

Soviet-g8tvle Analveis. Analysis by Americans (or other
peocple not raised and trained in the Soviet system) that
approximates as closely as possible the ways in which Soviet
pPlanners would analyze a given situation or problem, as a guide to
understanding how they might act. The need for Soviet-style
analysis in competition planning arises from the many important
asymnetries between Soviet and Western analysis and planning
methods that make it clear that a mirror-image approach to Soviet

competitive initiatives and responses would be seriously
nisleading.

State of the Competition. The past, present, or future
condition of the U.8.-Soviet competition. When used in referenca
to the military competition, descriptions of the state of the
competition should include the state of the U.S.~Soviet military
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balance, the competitive positions of the two sides, and the state
of relevant elements of the competitive environment.

Subarea of the Competition. A component of the worldwide
scope of competition planning that is suitable for detailed
planning and implementation of competitive actions. Generally,
subareas of the compatition should be geographic regions, such as
Europe or East Asla, but not exclusively smo; technology is an
aexanmple of a nonregional subarea.

Third Player. Any national actor that can affect
significantly the U.S.-Soviet competition and that may also compete
directly with the United States or the Soviet Union at times.
Third players may be allies, friends, or adversaries of the United
States or the Soviet Unilon, or may be neutral.

Thirxd Plaver Leverage. The ability of a third player to
influence excessively the ability of the United States or Soviet
Union to compete with one another effactively. Examples of third
player leverage are base access, diversion of superpower resources
away from the superpower competition, or undue influence on
superpowver military doctrine or arms control positions.
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