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DEPARTMENT OF DEFENSE METHODOLOGY FOR ASSESSING

UNITED STATES AND SOVIET UNION

MILITARY RESEARCH AND DEVELOPMENT EFFORTS

This is a declassified version of part II of a General
Accounting Office staff study previously issued in response
to a request dated April 1, 1971, from the Chairman of the
Subcommittee on Research and Development, Senate Committee
on Armed Services,l The classified version of part II of
the staff study was issued in conjunction with a report
dated July 23, 1971 (B-172553), to the Chairman. At the
request of Representative Michael J. Harrington, a declassi-
fied version has been prepared and is being issued to all
recipients of the classified part II.

This part describes and evaluates the methodology de-
veloped and the data used by the Department of Defemnse
(DOD) to assess the current military R&D efforts of the So-
viet Union relative to those of the United States. Because
of the limited time available, we have been unable to re-
view, in detail, many judgmental factors used by DOD in de-
veloping the data and in arriving at its conclusions; how-
ever, we are presenting tentative evaluations where possible.

In general the DOD methodology is designed to quantify
the Soviet Union military R&D efforts in terms of their
equivalents for comparison with United States efforts.
First, to accomplish this end, the intelligence community
made studies of Soviet Union budgetary science data, to es-
timate the financial inputs into Soviet Union military R&D
activities and to compare these estimates with their known
United States equivalents. Second, DOD made comparative
technological assessments of United States and Soviet Union
weapons systems, to estimate the relative level of their

1Part I provides an introduction to the study and an analy-

sis of U.S. military-related research and development
(R&D) expenditures.

1
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technological outputs. Third, the resulting estimates of
relative financial inputs and technological outputs were
correlated by DOD, to test the reliability of the estimates
of Soviet Union financial inputs as expressed in dollar
equivalents.

On the basis of a reported correlation between the es-
timated financial inputs and technological outputs, the Of-
fice of the Director of Defense Research and Engineering
(ODDR&E) expressed confidence in the intelligence communi-
ty's estimates of Soviet Union military R&D budgets. By
comparing these Soviet Union budget estimates with similar
United States financial data, ODDR&E determined that the
Soviet Union military R&D expenditures had been exceeding
those of the United States in increasing amounts from 1968.

ODDR&E has stated that its best estimates indicate
that the Soviet Union currently has an annual $3 billion
spending advantage in military R&D and that, if current
trends continue in likely ways, the United States technolog-
ical lead of 2 to 3 years could be reduced to zero or even
minus several years (a technological lag) by 1976.

The DOD methodology and its supporting data are dis-
cussed in further detail in subsequent sections.

BEST DOCUik AVAILABLE



ESTIMATING SOVIET UNION
MILITARY R&D EXPENDITURES

ODDR&E officials reported that the U.S, intelligence
community had performed studies to determine the Soviet
Union's military R&D expenditures in rubles from 1950 through
1970 and to translate these ruble expenditures into their
dollar equivalents., We were not permitted to review the in-
telligence community's supporting documentation for its de-
terminations or estimates.

As discussed below, however, we were advised that
these estimates had been derived from the Soviet Union's
budgets and the intelligence community's estimates of the
equivalent costs of Soviet Union efforts in military and
space technology. Also our study showed that the estimates
had a direct and consistent relationship with the Soviet
Union series of national science expenditures based on esti-
mated budgeted outlays.

In particular ODDR&E officials informed us that the
Soviet Union military-related R&D activities were funded
primarily from the classified part of the so-called all-
union science budget. The all-union category refers to
those science activities having national significance. The
classified subcategory refers to the unitemized or secret
part of the all-union category.

ODDR&E officials reported that, on the basis of an as-
sumed conversion rate of $2 for 1 ruble,l the classified
part of the all-union science budget increased steadily from
about $5 billion in 1960 to about $13 billion in 1968. The
officials believed that expenditures of such amounts for R&D
efforts would show impressive results. Since spectacular

lConversion rate used by the intelligence community to pro-
vide an appreciation of the physical size of the budgeted
program by showing the level of effort--measured in dol-
lars--that would be required to reproduce the Soviet Union
programs in the United States. Dollar wvalues derived in
this way are expected to provide the basis for comparing
United States and Soviet Union programs.
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results were observed only in the areas of military weapons,
space, and atomic energy, they concluded that the classified
part of the all-union science budget had provided the funds

for the hich-nricority and secretr R&D activities in these
e W [P L ey J.L-l.&.l.l. 1J-|- J-UJ--Lbj CLLiNd VA L CANe v e ¥ de T e S b o ¥ e d A0 a0 e

areas. The officials also stated their belief that it would
be difficult to find another place in the Soviet Union bud-
get for military, space, and atomic emnergy R&D,

ODDR&E officials reported also that, after identifying
the funding for military, space, and atomic energy R&D ac-

iyt Fina =l Aadn traras rafinad A camaradra Atk +ha Aaderd
clvicies, i€ data werc Terlned Lo sSeparate Our il C1iVil,

space program. By using a National Aeronautiecs and Space
Administration (NASA) formula, the Soviet Union civil space
program was costed on the basis of what the United States
would have to spend to duplicate the Soviet Union's civil
space facilities and accomplishments. The estimates then
were subtracted from the estimated funding for military,
space, and atomic energy R&D activities; these activities
are collectively referred to as military-related R&D., The
residual is, by definition, the military R&D funds and in-
cludes R&D funding in both weapons systems and atomic energy.

Because of Soviet Union secrecy, there is presently no
way to estimate R&D funding or expenditures for weapons sys-
tems under development exclusive of civil atomic energy.

ODDR&E officials acknowledged that another, more com-
plex, analytical approach recognized the possibility that
part of the Soviet Union R&D costs might be borne elsewhere
in the Soviet Union budgets. They added:

""However, since most of the necessary cost does
seem supportable by the All Union Science Budget,
the remainder seems unlikely to amount to more
than 20 to 3D percent of the total. Assuming
only that the total program is 'balanced,' this
remainder is likely over the years to stay at
about the same percentage of the total; that is,
it is likely to be portional to the All Union
Science Budget portion and thus to follow the
same trends. *** The principal advantage of this
more complex model is that it makes the !'justifi-

cation' *** of some kinds of expenses somewhat
easier elsewhere than merely in the All Union
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Science Budget. Examples are pay for military
support people, general-purpose support facili-
ties on test ranges, etc.'

In view of the alleged relationship between the Soviet
Union's budgets and the intelligence community's estimates
of R&D expenditures, we compared the latter's estimates
with the published financial and budgetary data on Soviet
Union science for calendar years 1960 to 1966.1 We found
that the intelligence community's estimates of total Soviet
Union R&D expenditures and of the part referred to as
military-related R&D had a direct and consistent relation-
ship to the Soviet Union series of national science expendi-

e mos AR e maam e TV e
cu LCOD, as UJ.DLUDDCU. pDeLOwW,

The outlays shown in the Soviet Union State Budget un-
der the heading "Science'" (referred to as the Soviet Union
science budget) make up only 70 to 80 percent of the na-
tional science expenditures., The remaining 20 to 30 percent
of expenditures are thought by many to be funded from (1)
the various economic organizations' own funds, probably un-
der contractual arrangements, and (2) other Soviet Union
State Budget headings, such as "Ministry of Defense," '"Na-
tional economy," and "Cadre training."

As shown below the intelligence community's estimated
total R&D expenditures (col. 4) are equal to total national
science expenditures plus capital investments in science
(col, 1 plus col. 2). The small differences may be attrib-
uted to rounding errors.

BEST DOCUMENT AVAILABLE

1Science Policy in the U.S.S.R., Organisation for Economic
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Figure 1

Estimated Soviet Union R&D Expenditures (note a)

Total science Estimated total
expenditures Soviet Union R&D
(budget and Capital expenditures
other investment Column 1 in constant
Calendar expenditures) in science plus 1968 dollars
year (note b) (note b) column 2 (note ¢)
(D (2) 3 (4
{(biilions)
1960 $ 6.6 $1.0 $ 7.6 $ 8
1961 7.6 1.4 9.0 9
1962 8.6 1.8 10.4 10
1963 9.4 1.8 11.2 11
1964 10.2 2.0 12,2 12
1965 11.8d 2.2 14,0 14
1966 13.0 2.4 15.4 15
1967 (e (e) (e 16
1968 (e) (e) (e 17
1969 (e) (e) (e) 19
1970 (e) (e) (e) 21

8conversion rate: $2 for 1 ruble.

bscience Policy in the U.S.S.R., OECD, Paris: 1969, pp. 98-
100.

c . R . . R
Intelligence community's estimates using the same conversion
rate of $2 for 1 ruble. Estimates are rounded to nearest bil-
lion for security classification purposes.

d . s .
Estimated, not actual expenditures from cited reference source.

e . .
Not available from cited reference source.

Our study showed that the intelligence community's es-
timates of military-related R&D expenditures bore practi-
cally the same relationship to total R&D expenditures as
the classified part of the all-union budget outlay bore to
the total Soviet Union science budget. In noting the pos-
sibility of these relationships, ODDR&E officials stated

REST DOCLmEN | AVAILABLE



that, assuming the Soviet Union R&D program was balanced,
any additional R&D expenditures outside the science category
of the Soviet Union State Budget were likely to be propor-
tional to the all-union science budget part and to follow
the same trends. (See p. 6.) The relationships are illus-
trated below--column 2 is to column 1 what columns 5 and/or
6 are to column 4.

Figure 2

Relationship of Military-Related
R&D Expenditures to
Published Soviet Science Data (note a)

Total national Estimated
Classified all- science expendi- military-
Soviet union budget tures, including related R&D
Science Estimated Percent capital invest- Column 3 (military, space,
Calendar Budget Amount of ment for science times and atomic energy)
year (note b) (note ¢) column ] (note d) column 4 (note e)
1 (€3] 3) (%) (5) &
(billions) (billions)
1960 $4.6 $3.2 70 $ 7.6 $ 5.3 $ 5.3
1961 S.4 3.7 69 9.0 6.2 6,3
1962 6.0 4,2 70 10.4 7.3 7.4
1963 6,9 5,0 72 11.2 8.1 8.3
1964 7.9 5.9 75 12.2 9.2 9.2
1965 8,4 6.4 76 14.0 10,6 10.5

8Conversion rate: $2 for 1 ruble,

bThese budgeted expenditures for science consist of all-union expenditures and Republican
expenditures,

®Soviet Union financial data have not shown this breakdown since 1958; consequently the in-
telligence community's estimates were extrapolated upwards on the basis of the 1950-57
trend. The above estimates are based on applying a consistent percentage to all-union
budgeted outlays in accordance with our calculations of the trend.

dSee figure 1, column 3,

eIntelligence community's estimates stated in constant 1968 dollars.
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SIPRIL analysis of estimates

In an article entitled "U.S. Estimates of Soviet Ex-
penditures for Military Research" in the SIPRI Yearbook of
World Armaments and Disarmament 1969-70, the author surmised
relationships between U.,S, estimates of Soviet Union mili-
military-related R&D and published Soviet Union science data
similar to those reported above. The author stated:

%% Dr, Foster's estimates[‘?]show a trend so
close to the trend in the published Soviet science
expenditure series that it must be assumed that
Soviet science data have been used in their con-
struction,"

% * * * *

"Dr, Foster's estimates of total Soviet R&D and
space expenditure can be made to equal total
Soviet science expenditures (new series) if an
exchange-rate of about $2 per rouble is used.
(Judging from the range of exchange rates chosen
by experts, this is not an unreasonable exchange
rate, and does not exaggerate the dollar equiva-
lent of Soviet science expenditure). It there-
fore seems possible that Dr, Foster's estimates
are drawn directly from the science expenditure
data, and that the estimates of military-space
R&D expenditure have been obtained simply by
taking a large and rising percentage of total
science expenditures and converting the estimates
at $2 per rouble (with some allowance for infla-
tion). In this case, practically all capital in-
vestment, All-union and 'other' expenditures for
science would be included in the estimates of
military-space R&D expenditure.'3

1Stockholm International Peace Research Institute,

2Dr. John S. Foster, Jr., Director of Defense Research and

Engineering, estimates of military-space R&D expenditures,

3SIPRI Yearbook of World Armaments and Disarmament 1969-70,
pp. 303 to 305.
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The author reported that experts who had made detailed
studies of Soviet Union science data either had made no es-
timates or had made only rough order-of-magnitude estimates.
Even those experts who made order-of-magnitude estimates dif-
fered among themselves by as much as 50 to 100 percent or
more. The author concluded, after reviewing the available
"open' literature, that 'reliable estimates of Soviet mili-

mary REN Aveandddataa Ao ha drnfaoread -C.........\ P R T

tar ry R&D expendJ.uuLe cannot be inferred from viet science
"

data."l

In commenting on the SIPRI article,2 ODDR&E officials
pointed out that the data available to the author had con-
sisted of published budget data and unclassified statements
by various officials up to mid-1970, Nevertheless ODDR&E
officials stated:

"The SIPRI conclusion that valid estimates of
Soviet RDT&E [research, development, test, and
evaJ.udt.lon_; are not pOSSlDLe \WlLI.l that data base)
is probably correct. Missing data includes the
dollar pricing of the space program, the quanti-
fication of technological positions with time for
space and military RDT&E, the manpower and faci-
lities crosschecks, and an appreciation of the

overall magnitude of the Soviet effort."

'BEST DOCUMENT AVAILABLE
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2Response dated May 26, 1971, to questions raised by Repre-
sentative Michael J, Harrington.
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As reported previously the dollar estimates of Soviet
Union sxpenditures represent the conversion of rubles to dol-
lars using a consistent exchange rate of $2 for 1 ruble,
There is no generally accepted rate, however, for converting
rubles expended for R&D into their dollar equivalents--the
dollars needed to buy a comparable R&D effort in the United

States., :
The SIPRI article stated:

'"*** R&D exchange rates, in current expert use,
which attempt to allow for the differences in
wages and other costs in the two countries, vary
between $1.30 per rouble and $3.50 per rouble.

©
The uncertainty of the approp riafe nxghapge rate

is such that most studies drawing on Soviet data

JORCI R I PRI SER IY, S S DU T
AT 4o not aLLem)r to convert rouble estimates

into dollars at a11 "l

'-I-

Although the official exchange rate is about $1.11 for
1 ruble, authorities generally agree that use of the offi-
cial rate would seriously underestimate the magnitude of the
Soviet Union R&D effort, Further, many, if not most, experts

'l'-\a'l-latrn that a reasconable conversion rate for Sovi et Union
S e e b ALL W b e N b AW L AGA B e N W LLY G de W N\JSLD [ S = L) -y e VS 3. NSV S O Wikdo VL L

military R&D work would be from $2 to $3 for 1 ruble. Counse-
quently the use of the $2 rate may raise a question of
whether it underestimates the dollar equivalent of the Soviet
Union R&D effort,

ODDR&E officials, however, indicated that the exchange
rate would be adjusted to match the number of identified
rubles with the dollar cost estimates of observed outputs.

Tn recnonizine the naccihilityv +that Qntr1nl’ TTn-lnn RAD nActao
il Lc\—véll-&u‘l&é dd. FVUQJ-U-L.I-J- b] Lok ACA b A Y Ao WildoW/AL  AVWWALYS oW

may be borne elsewhere than in the class

[ . U o

all-union science budget,4 these officia

[}

fo T PR
UE. .LL.,
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ment 1969- 70, . 305,

2See Pe 4.)
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dollar-to-ruble ratio depended on ruble input because the
output results remained the same.

" ** in analytic terms, because the output re-
sults are fixed, the dollar to ruble ratio and
the fractions of the All Union Science Budget
for military and space RDT&E are coupled. Know-
ing one determines the other; *%% "

Direct costing of space program

ODDR&E officials reported that direct costing of the So-
viet Union space program had reduced uncertainty about the
financial inputs, including the rubles-to-dollars conversion
factor, for defense and space R&D, They stated that, by
looking at the more open Soviet Union space program, it was
possible to compare Soviet Union budgets and results with
those of the United States. The officials added that:

"The analysts could reasonably calculate what it
would cost the United States to do what the Rus-
sians had done in space and consequently could
get a reasonably good average conversion factor
from rubles to dollars for this kind of aero-
space work."

We noted that, during recent congressional testimony,l
Dr. George M. Low, the then-Acting Administrator of NASA,
submitted the following comments for the record.

"First, I would like to point out that we
have no easy way to compare the total R.&D. pro-
grams of the U.S. and the U.S.S.R., much less the
specific elements which make them up, such as the
space program; the economies of the two societies

lHearings before the Senate Committee on Aeronautical and
Space Sciences on "Space Cooperation Between the United
States and the Soviet Union," 92d Cong., lst sess.,
March 17, 1971, p. 29,
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are far from parallel and we have little solid
information from the Soviets about their inter-
nal program structure, objectives, on decision-
making framework. Therefore, we have to rely on
what are often subjective assessments and scat-
tered data points for our comparisons.

'""What we can say is that there appears to
be a well defined long-term Soviet R.&D, invest-
ment policy that has been consistently followed
and supported for both pragmatic and idealogical
reasons, An example of that policy is the trend
in Soviet R.&D. expenditures over the past de-
cade: *** and increase of 325%. And this increase
has come about through a steady, year-by-year
build-up of the national resources devoted to
R.&D. rather than through a single large jump in
any one year or for any one program., ***

"In terms of their total space program,
both civil and military, we believe they are in-
vesting at least as much effort as is the U.S.
and probably more; one measure is their record
of successful space launches which first ex-
ceeded that of the U.S, in 1968 and continues to
do so through the present, when they are launch-
ing two or more vehicles to every one of ours.
It seems fair to say that they are maintaining
and increasing their program effort and that
this effort exceeds that of the U.S., %%%

"For this comparison, I am dealing with the
combined civil and military space programs of
both nations; to try to differentiate between
civil and military activities of the U.S.S.R.
would be speculative at best.”

We were not permitted to review the intelligence commu-
nity's direct costing of the Soviet Union space program. As-
suming, however, that the Soviet Union civil space program
is sufficiently open for reliable direct costing in dollars,
we do not know how the analysts were able to determine the
amount of rubles in the science budget for the civil space
program to establish the conversion factor for aerospace

BEST DOCUmwini AVAILABLE 12



work. Also there is a question about the extent to which a
conversion factor for aerospace work is applicable to the
broad range of military R&D work. TFinally, regardless of
how accurate direct costing of the Soviet Union space pro-
gram may be, the accuracy of the residual military R&D is
still largely dependent on the accuracy of the total esti-
mates for the military-related R&D expenditures. The re-
sidual military R&D cannot be directly costed, because not
enough of the individual programs are visible to permit an

accumulation of program costs that will yield a reliable
total.

BEST DOCUMENT AVAILABLE
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In fiscal year 1970 ODDR&E initiated a study to com-
pare the military and space technological outputs of the
United States with those of the Soviet Union during the
period 1960 to 1968; ODDR&E officials stated that 1968 was
the last year for which reasonably firm intelligence data

awiatrad An Catri ct ITminamn wnannna avaltama ThAa +1if117 i
CarotelG O SOVICUL VilLOIl weapllio oyouwtilio, 101e& STUN Gy Lii-

volved technical comparisons of the two countries' space
achievements and about 100 of their military weapons sys-
tems. According to ODDR&E officials, the study, by making
the comparisons over a period of years, was able to time
technological improvements and to estimate how many years
it took the Soviet Union to reach given levels of United

The study found that in 1960 the United States had a
2- to 3-year technological lead in military weapons systems
and was about even with the Soviet Union in space technology.
The study found also that by 1968 the United States had es-
tabllshed a 2- to 3- year 1ead in space technology but had

f'f
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ODDR&E reasoned that technological leads were corre-
lated with greater relative efforts. Accordingly its
study concluded that, during the period 1960-68, the United
States military R&D effort must have been roughly equivalent
to that of the Soviet Union and that the United States space

Q'F'an-i- must 'hg‘n'a ]\aan 1ﬂ to ')n nercent o rea atar +1ng 'I-'hg'l‘ nf
t’ A S G a&l b LA N ohen

T G e & o 6
the Soviet Union.

The technological-lead assessments which compared
similar weapons systems were based on intelligence data,
discussions with specialists, and subjective judgments of
ODDR&E. Subjective judgments were used when the data were

incompnlete or controversial. ODDR&E officials stated, how-

e R WS RLL RS e o AL Cacas A T g el

ever, that differences, when they occurred, were seldom
larger than plus or minus 1 year.

The assessments were presented in individual meetings
to groups of DOD managers, weapons specialists, advisors,
and operations employees. After comparisons of individual
weapons systems were discussed, the United States tegb_ng'l_ncn-

cal pOSltlonS relative to the Sov1et Union were summarized

-
N
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into five major systems categories. The proposed summaries
then were modified to better reflect the consensus of in-
formed opinions.

ODDR&E officials reported that the summaries were not
specific weighted averagings of the comparisons of the in-
dividual weapons systems but were consistent with them and
correlated with broader impressions and experiences of in-
formed persons. We had neither the expertise nor the time
to independently test and evaluate the individual or sum-
marized technological-lead assessments.

CORREIATION OF INPUTS WITH OUTPUTS

MATTDC T P g ngl

ODDR&E officials reported that they were able to find
a clear correlation between the results of their
technological-lead assessments and the estimates of the two
countries' military and space R&D expenditures for the per-
iod 1960 to 1968. (See fig. 3.) Recognizing that there
was some question about the ruble-to-dollar conversion
ratio, they added that the rate of 0.5 ruble to $l (or $2

for 1 ruble) could vary as much as 20 percent \buaueu area
in fig. 3 represents about a 10-percent variance) and that
the estimated space and military expenditures still would

fit the observed hardware results.

Because the United States advanced its technological
lead in the space program by several years in the period

a Af Fha IS +ad
1960 to 1968, ODDR&E reasoned that the cost of the United

States space effort should have been 10- to 20-percent
greater than that of the Soviet Union during the same per-
iod. Using a NASA formula the intelligence community and
ODDR&E produced the following expenditure data to support
this reasoning.

BEST DOCUMENT AVAILABLE
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DOLLAR EQUIVALENT EFFORT (BILLIONS)
(U.S EFFORTS EXPRESSED IN CURRENT DOLLARS)

4 USSR Us
MILITARY MILITARY
N -
0 i | | _ # |
1960 1962 1964 1966 1968 1970 1972

FIGURE 3
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Civil Space Expenditures (note a)

Soviet United States
Union United States over Soviet Union
GNP
Current deflator R&D Current GNP R&D

dollars {note b) deflator doliars deflator deflator
€] (2) 3 (4) (5) (6) (7

{(billions)
1960 $ 0.5 $ 0.4 $ 0.5 $ 0.5 -50.1 3 - $ -
1961 i 7 .9 1.0 - 0.2 0.3
1962 1.1 1.3 1.5 1.6 .2 A .5
1963 1.7 2.6 2.9 3.2 .9 1.2 1.5
1964 2.8 4,2 4.7 5.0 1.4 1.9 2.2
1965 4.0 5.1 5.6 6.0 1.1 1.6 2.0
1966 5.0 5.9 6.4 6.7 .9 1.4 1.7
1967 5.5 5.4 5.6 5.8 -1 1 .3
1968°¢ 5.5 4.7 4,7 4.7 -8 -.8 -.8
Total $26.8 $30.3 $32.8 $34.5 $3.5 $6.0 $7.1

f
i

ac . . : : s s
Soviet Union expenditures are on a calendar-year basis, using the conversion
rate of $2 for 1 ruble, and United States expenditures are on a fiscal-year
basis. ’

bGross national product deflator.

®Base year for use of deflators.,

The above schedule shows that, from 1960 through 1968,
the total United States expenditures for civil space actu-
ally exceeded equivalent Soviet Union expenditures of
$26.8 billion by about (1) $3.5 billion, or 13.6 percent,
in current dollars, (2) $6 billion, or 22.4 percent, in
constant 1968 dollars using the GNP deflator,l or (3)
$7.7 billion, or 28.7 percent, in 1968 dollars using a spe-
cial R&D deflator.?

1y.s. estimates in fig. 3 are stated in current dollars. A prime un-
certainty in describing the U.S5. level of effort over the 9-year period
is the need to convert current dollars teo constant dollars to avoid the
effects of inflation. The GNP deflator, which uses the fiscal year
1968 dollar as its base, applies to the economy as a whole--all final
goods and services produced in the Nation during a year.

2The R&D deflator applies to R&D hardware and services. Methodology was
derived from "Defense Planning in a High Inflation Economy," a paper by

J. H. Augusta and C. L. Snyder, Jr., presented at the 26th Military
Operation Research Symposium, Monterey, California, November 1970.
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ODDR&E officials stated that technological-lead assess-
ments of about 100 weapons systems visible in 1960-68
showed that the "Soviet RDT&E produced about the same num-
ber of major weapons systems prototypes at about the same
rate of improvement as the U.S.'" Although the technological
lead changed for some individual weapons systems and even
for some weapons systems categories, on the average the re-
lative positions of the two countries were found by ODDR&E
to be the same in 1968 as in 1960; over the 8- to 9-year
period the United States had retained its 2~ to 3-year
technological lead.

Since output results indicated that both countries had
expended about the same effective effort, ODDR&E officials
reasoned that both countries should have expended about the
same amount of equivalent funds in military R&D. As illus-
trated by figure 3, however, the United States is estimated
to have expended about $6.5 billion, or 11 percent, more in
equivalent funds for military R&D from 1960 through 1968
than the Soviet Union. 1If the GNP deflator is used to ex-
press the estimated United States inputs in constant 1968
dollars, figure 3 then would show United States military
R&D expenditures as exceeding those of the Soviet Union by
about $13 billion, or approximately 23 percent. If a spe-
cial R&D deflator is used, the difference is $18.1 billion,
or approximately 31 percent.l

ODDR&E officials stated that they believed:

**%* their costing estimates in both civil space
and military weapons *** to be accurate to about
$1 billion per year in equivalent effort. A
greater difference, over an eight-year span,
should have produced measurable differences in
results *** these differences do not appear to
exist."

The difference of $13 billion over the 8- to 9-year
period, resulting from use of the GNP deflator, represents
about $1.5 billion a year. Use of the R&D deflator shows an
even greater difference, amounting to about $2 billion a year.

1For ODDR&E officials' comments on the use of the deflators,

see p. 24.
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DETERMINING RELATIVE FINANCIAL INPUTS
SINCE 1968

ODDR&E officials state that all the preceding analyses
and comparisons ''really have only ocne purpose: to quantify
the Soviet military RDT&E effort in U.S. terms and identify
it in the Soviet Budget." These officials believe that
proof that this purpose has been achieved is the clear cor-
relation between the United States' and the Soviet Union's
relative financial inputs and technolegical outputs. There-
fore these officials look to the intelligence community to
estimate the Soviet Union's current military R&D funding on
the basis of the latter's budgetary data.

As shown below the intelligence community's estimates
of current Soviet Union military-related expenditures
(col. 3) show a steady increase from about $13 billion in
1968 to $17 billion in 1972, an annual increase of 7 to 8
percent. Its estimates of Soviet Union civil space expen-
ditures (col. 4) show a steady decrease from about $5 bil-
lion to about $4 billion. Consequently its estimates for
the residual military R&D expenditures (col. 5) show a sharp
increase from about $8 billion to about $13 billion, a total
increase of about 60 percent during the 4 years. ODDR&E of-
ficials state that these estimates show the Soviet Union's
return to allocating R&D growth to the military sector, af-
ter a period of about 6 years (1961-67) in which growth went
to the space sector.

Soviet Union R&D Expenditures (notes a and b)

Calend Total R&D Totai misitary- C%vil sp§ce Total mili-
alendar year ota related R&D note ¢ tary R&D
(§)) (2) 3 C4) igi

{billions)
1968 $17 $13 85 $ 8
1969 19 14 5 9
1970 21 186 5 11
1971 24 16 5 11
1972 24 17 4 13

®Conversion rate: $2 for 1 ruble,

In constant 1968 dollars. Rounded off to nearest billion for security classification
purposes,

[+
Soviet Union civil space estimates are based on a HASA formula for estimating the dol-
lar expenditures that would be required to produce similar results, Therefore these

estimates are not based on identifying ruble outlays in the Soviet Union budgets or
expenditure data or on the ruble-to-dollar conversion rate.
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The intelligence community's estimates of U.S. R&D ex-
penditures since 1968 are shown below.

U.S. R&D Expenditures (note a)

Total
Infla- Total military R&D
tionary Total military- NASA (including
factor Fiscal R&D related R&D space military AEC)
(note b)  year (note c¢) {note d) (note d) (note d)
L (2) (3 (4) (5) ®)
(billions)
1.000 1968 $25.3 $13,2 $4.7 $8.7
1.080 1969 24,3 11.8 3.9 7.9
1.172 1970 23.3 10.1 3.2 6.9
1.267 1971 22.5 8.7 2.6 6.1
1.267 1972 (e) 9,3f 2.6f 6.7

a

h
2

C

4

L9

In constant 1968 dollars.

This is the R&D deflator. It is used to convert current-year dollars
to constant 1968 R&D dollars. The index basis is weighted (0.6) for
changes in the cost per R&D scientist and (0.4) for changes in procure-
ment costs of R&D hardware.

Source: National Science Foundation (NSF). 1970 and 1971 data not for
attribution until release by NSF.

Source: Special Analysis Q, Budget of United States 1970, p. 250, and
Division of Military Affairs, Atomic Energy Commission (AEC);
all colums converted (deflated) to constant 1968 dollars.

eNot available.

fProgrammed; not actual expenditures.,

The intelligence community's estimates of Soviet Union
military-related R&D accounted for 70 to 75 percent of to-
tal R&D expenditures, including capital investments in
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science.,l By contrast, its estimates of United States
military-related R&D accounted for only 52 percent of total
R&D expenditures in 1968 and for only 39 percent in 1971.

As noted previously military-related estimates include
R&D for military, space, and atomic energy activities. The
estimates for the United States, however, do not include all
R&D in the field of atomic energy but only that part re-
lated to military applications. To have included all atomic
energy expenditures, as apparently was done for the Soviet
Union estimates, would have added another $0.8 billion to
$1 billion a year to both the United States military-related
R&D and the United States military R&D. In addition, we be-
lieve that the U.S. figures are understated, as reported in
chapter 2, part I.

The intelligence community, having estimated both the
Soviet Union and the United States military R&D efforts in
constant 1968 dollars, made the following comparisons.

Military R&D Expenditures (note a)

Soviet Union over

Soviet Union United States United States
(billions)
1968 $ 8 $9 -$1
1969 9 8 1
1970 11 7 4
1971 11 6 5

21n constant 1968 dollars. Rounded off to nearest billion
for security classification purposes.

1Non—military—related R&D expenditures include:

a. All-union civil R&D which is the itemized portion of the all-~
union budgetary outlays and expenditures for science. ODDRSE of-
ficials believe that this accounts for 15 to 20 percent of the

all-union expenditures or 12 to 18 percent of the total State
Science Budget.

b. Republican R&D which finances research having a local, as opposed
to national, significance. In 1965 the Republican budget was
about 12 percent of the total State Science Budget.

c. Proportional share of capital investments in science.
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The above comparisons show that the crossover in mili-
tary R&D spending was estimated to have occurred after 1968,
The Soviet Union was estimated to be spending approximately
50 percent more in military R&D by 1970 and 92 percent more
in 1971.

Using the smaller GNP deflator and a slightly different
mix of expenditure categories for estimating the U.S. mili-
tary R&D expenditures, ODDR&E made the following comparisons.

Military R&D Expenditures (note a)
Soviet Union

over
Soviet Union United States United States
(billions)
1968 $ 8 $9 -51
1969 9 8 1
1970 11 8 3
1971 11 7 4

#In constant 1968 dollars. Rounded off to nearest billion
for security classification purposes.

ODDR&E officials report that the uncertainty in the
rate of increase of the Soviet Union effort compared with
the United States effort is due largely to the present un-
certainty of how inflation affects the two countries. They
report also that the ruble generally is assumed not to in-
flate due to the Soviet Union system of controlled prices
and wages; however, they have stated that:

k%% The choice of the deflator for the U.S. ef-
fort *** does affect the conclusion of how much
difference there probably is between the Soviet
effort and the U.S. effort in 1971, *** [Use

of current-year dollars] leads to the smallest
difference between the U.S. and the U.S.S.R.

in 1971 but is hardest to justify on economic
grounds. The R&D deflator leads to the maxi-
munm difference but implies that there is no in-
flation in the Soviet R&D sector. The GNP de-
flator would seem to account for the differences
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in the general U.S. and Soviet economic systems
and would imply no inflation in Soviet RDT&E
relative to the general Soviet economy compar-
able to that of the U.S.

"Hence, the general conclusions *%¥* that the
Soviet RDT&E effort in 1971 is probably (at
least) $3 B [billion] more than that of the U.S."
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Manpower, facilities, and prototypes

ODDR&E officials state that the increasing difference
in the two countries' military R&D efforts should be con-
sistent with the differences in employed manpower, facili-
ties being used, and numbers of weapons systems brought to
the prototype stage., They add that these effects are now
under study but that it takes time before such differences

become clear and apparent.

ODDR&E has cited the following statisties, over the
past 2 years, to illustrate the developing differences in
manpower between the two countries,

Engineering and Full-time Number of engineers
natural science R&D and scientists
graduates (note a) scientists, employed in R&D
1560 1¢70 in 1969 in 1968
(note b) (note b) (netes c and d) (notes b and d)
Soviet bnlon 145,000 247,000 550,000 745, 000
United State 83,000 142,000 540,000 515,000

aMathematics, physics, and chemistry.

bDOD fiscal year 1972 posture statement on R&D.

°pop fiscal yvear 1971 posture statement on R&D.

dApparent conflict may be due, in part, to differences between full-
time equivalents and numbers employed. When used alone the term

"scientists'" apparently includes engineers.

“Reference (NSF) cited by ODDR&E shows 565,000.

The above manpower statistics, however, need further
study and analysis before they will be particularly meaning-
ul. For example, the OECD publication of 1969 commented
T

r'i-'-h

r+°

&% Soviet engineering graduation figures
are considerably inflated by the addition of
extension-correspondence and evening school grad-
uates, who in many years comprise over 40 percent
of the engineering graduates. *** Soviet annual
engineering graduation qfar1§f1cg have to be



The numbers of scientists and engineers cannot be considered
separately from their (1) particular skills, (2) allocation

or utilization, and (3) product1V1ty

In regard to productivity ODDR&E officials report that
recent studies performed by the Department of the Navy and
by the Department of the Air Force, Foreign Technology Divi-
sion indicate that the Soviet Union is continuing to improve

+hao miallssr armd +ha miantFi+v AfF 1+a masnr racaavrah Ffardl4
LLlic Llua-LL l—y alisl bllc \iucu.u_J. l_] L J.LD ll.l.aJ L Lol wll LavwdiLdl™

ties. They report also that the United States is not making
similar improvements and is not effectively using its exist-
ing R&D facilities.

As to differences in numbers of new weapons systems
brought to the prototype stage, ODDR&E predicts that, start-

ing about 1971, we can reasonably expect several technologi-
cal surprises from the Soviet Union. Officials explain that
Soviet Union decisions concerning the use of the additional
moneys normally precede the conspicuous testing of the re-

sultlng prototypes (or their presence in the Moscow May Day
Parade) b by 3 to 4 years. They add that it frequently takes
several more years before critical aspects of prototypes

are understood enough to assess their advanced technologies,

In summary ODDR&E officials noted that the comparative

manpower and facilities '"'data is in rather raw, unstructured
form, and as a consequence has been used to support, not de-
termine our conclusions.' They explained that the data had

been used as a cross-check to help answer the question of
whether the Soviet Union had committed the other assets, in
addition to funding, needed to produce incre ed militarv

=Rl Liln s LiEERRERS L XA B kel L

and space R&D results.

Projecting R&D expenditures through 1976

After estimating current R&D efforts, ODDR&E projected
the military R&D funding for both countries from 1970 to

A /EOD L VUL cie ou.l.::u. LJLCI-LCD LI LI, DL—G—LCU Llla- J.L uau. UDCU

simply the fiscal guidance numbers provided by the Office of
the Secretary of Defense planning system. For the Soviet
Union ODDR&E considered three possible alternatives.



annual increases due to (a) a steady 5-percent in-
crease in GNP each year and (b) an increasing por-
tion of GNP devoted to military R&D,

2, Peg future increases to the 3 percent of GNP that
existed in 1970, This would produce annual increases
resulting from the steadily growing GNP,

3. Freeze funding at the 1970 level of $10.,5 billion.

ODDR&E chose to define ''base line Soviet Strategy'' as
a $10.5 billion annual military RDT&E effort from 1970 and
1971 onward. Consequently ODDR&E believes that, if the
United States stays within its fiscal guidance, the Soviet
Union will be investing about $3 billion more a year in
equivalent effort. Under these circumstances ODDR&E reasons
that an annual Soviet Union expenditure of $10.5 billion
not only is the most conservative alternative but also is
both attractive and practicable to Soviet Union planners.
It would allow them to assign future R&D growth to the ci-
vilian section and, according to ODDR&E, to still reach mili-
tary technological supremacy by the mid-1970's,

SUMMARY AND CONCLUSION

ODDR&E contends that the Soviet Union is exerting rela-
tively greater efforts than the United States is in the area
of military R&D, ODDR&E is convinced that this crossover
occurred in 1969, the first year of a decreasing U.S. mili-
tary R&D budget. To demonstrate the crossover and to com-
municate its significance, ODDR&E developed a judgmental
model for comparing the two countries' past military R&D in-
puts with their outputs and for projecting possible future
outputs on the basis of present and possible future resource
inputs.

We found that extreme secretiveness by the Soviet Union
resulted in data insufficient for realistic estimates of its
military R&D efforts. At best, dollar valuations of Soviet
Union military R&D programs are only rough guides to the
Soviet Union's relative level of effort. In our opinion the
general technological assessments can provide only general
support for these rough guides; they cannot refine them.
Consequently we believe that the usefulness of the pioneering
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methodology with its limited data base may be to indicate
trends and the apparent magnitude of the Soviet Union mili-
tary R&D threat. We have reservations, however, as to the
usefulness of this methodology in quantifying relative ef-
forts or spending gaps between the two countries.
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