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BEA has prepared a satellite account that arrays information about research and
development (re~p). First, the satellite account provides estimates of expenditures on
reD that are designed to be used in conjunction with the national income and product
accounts measures. Second, it treats rep expenditures as a form of investment,
recognizing the role rexp plays in adding to knowledge and in developing new and
improved processes and products that lead to increases in productivity and growth.
Third, it provides estimates of the stock of knowledge capital. To focus on rexp and
facilitate its analysis, the satellite account changes some definitions and classifications
used in the national income and product accounts but otherwise is designed to be
consistent statistically and conceptually with those accounts. Thus, the satellite account
supplements the existing accounts.

BEA’S economic accounts have always benefited from discussion and critique of
concepts, source data, and estimating methods. The same is to be expected for the
reD satellite account. Comments are welcome.

Carol S. Carson
Director, Bureau of Economic Analysis

A Satellite Account for Research and Development

I N INDUSTRIAL laboratories, agricultural ex-

periment stations, medical research institutes,
and a variety of other settings, the United States
undertakes a sizable research and development
(r&p) effort. This effort plays a critical role in
economic growth and in addressing many specific
related concerns. In the words of the National
Science Board:

The absolute magnitude of the [r&p] effort
and the manifold tasks to which it is directed
are indicative of the critical role that r&p plays
in addressing such concerns as national defense,
industrial competitiveness, public health, envi-
ronmental quality, and social well-being. Indeed,
the long-term importance of r&p expenditures to
technological preeminence, military security, and
knowledge growth is axiomatic.'

Ideally, to document this role within the econ-
omy and thus lay the foundation for policy and
other decisions, one would measure the output of
r&D—the new understanding, or the knowledge,
it creates. However, measures of knowledge cre-
ated, to the extent that they exist, do not share a
common yardstick—such as dollars—with other
measures with which they might be used. Almost
universally then, analysts turn to expenditures on
R&D as a Starting point.

Several questions about expenditures on r&p
immediately come to mind:

1. National Science Board, National Science Foundation [39], page 89.

How much is being spent on r&p today?
How much has r&p spending grown in re-
cent decades? How large is r&p compared

with gpp in the United States? In other

countries?

e Who is performing the r&p? What share
is being performed by government, by
nonprofit organizations, and by industries?
Which industries perform the most r&p?

e Who is funding the r&p?
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Expenditures on r&p can be viewed as generat-
ing future income and product. With this view, a
case is made for treating them as investment, par-
alleling the treatment of business expenditures on
structures and durable equipment, and for recog-
nizing a stock of intangible capital, just as there
is a stock of tangible capital. Further questions
then arise:

e How large is the stock of r&p capital? How
has the stock changed over recent decades?

o How does the stock of r&p capital compare
with the stock of buildings, equipment, and
other parts of the Nation’s wealth?

Answers to these questions have been less than
fully satisfactory. On the one hand, the na-
tional income and product accounts (N1pa’s)
might seem the obvious place to look for ex-
penditure estimates: If r&p expenditure estimates
were in the accounts, they could readily be com-
pared with cpp or its components, and models
could be constructed to relate changes in r&p to
other parts of the economy represented in the
accounts. However, only a portion of r&D ex-
penditures are identifiable within the ~1ra’s, and
those identified—as well as the unidentified—
expenditures on r&p are treated as consumption
rather than as investment. Further, because
R&D expenditures are not treated as investment,
there is no associated stock of capital.” On the
other hand, r&p data from other sources are
not fully consistent with the ~n1pra’s and with the
N1pA-based measures of tangible capital, so they
cannot readily be used in conjunction with N1pa
estimates in analysis.

This article introduces a satellite account that
is designed to provide a view of r&p that has ties
to the n1pa’s, while also using alternative defini-
tions and providing consistent detail that help to
focus on the role of r&p in the economy. BEA
began work on the satellite account for r&p in
1992, following a preliminary evaluation of the
feasibility and usefulness of such an account.’

The estimates presented in the satellite account
build on data published by the National Science
Foundation (xsk), which assembles a wide range
of information related to r&p.* The estimates ex-

2. In an integrated set of economic accounts, flows of fixed investment
are viewed as forming stocks of reproducible capital. Bea however, estimates
the stocks of consumer durables and of government equipment and structures
as if personal consumption expenditures on durable goods and government
purchases of durable goods and structures had been treated as fixed invest-

ment flows. Flows derived from the ~ipa series are used to estimate the
stocks, which are, therefore, consistent with the nipa’s.

3. For an early presentation about the preliminary work, see Carol Carson
and Bruce Grimm [13].

4. See, for example, National Science Board, National Science Foundation

[39]-
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tend through 1992, the most recent year for which
complete source data are currently available.

The first section of the article defines r&p and
describes its role in creating knowledge and then
sketches the economic accounting background
for the satellite account’s investment treatment.
The second section provides a methodological
overview. The third section presents the esti-
mates of r&p expenditures, investment, capital
stocks, and related data. The fourth section dis-
cusses future directions that work on the satellite
account might follow. A technical note at the
end of the article details the construction of the
estimates.

Background

rep and knowledge

R&D IS “creative work undertaken on a systematic
basis in order to increase the stock of knowledge,
including knowledge of man, culture and soci-
ety, and the use of this stock of knowledge to
devise new applications.” This definition is from
a newly revised manual (the Frascati Manual)
of standard practice for surveys of r&p activity,
prepared by the Organisation for Economic Co-
operation and Development.’ It is widely used
internationally as the basis for r&p statistics, such
as those compiled and analyzed by w~sr in the
United States.

More commonly, r&p is characterized as the
sum of three types of activities—basic research,
applied research, and development. These ac-
tivities also have been defined in the Fras-
cati Manual, although in practice it is often
difficult—perhaps increasingly so—to establish
the boundaries between them:

¢ Basic research is “experimental or theoret-
ical work undertaken primarily to acquire
new knowledge of the underlying foundation
of phenomena and observable facts, without
any particular application or use in view.”

o Applied research is “original investigation
undertaken in order to acquire new knowl-
edge . directed primarily towards a
specific practical aim or objective.”

¢ Development is “systematic work, drawing
on existing knowledge gained from research
and/or practical experience, that is directed
to producing new materials, products or de-
vices, to installing new processes, systems

5. See Organisation for Economic Co-operation and Development [43],
page 29. This is the fifth edition of the Frascati Manual. The manual was
first prepared in 1961.
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and services, or to improving substantially
those already produced or installed.”®

R&D IS to be distinguished from a wide range
of related activities that are linked to r&p both
through flows of information and in terms of
operations, institutions, and personnel. The ba-
sic criterion, according to the Frascati Manual,
to be used to distinguish r&p from related ac-
tivities “is the presence in r&p Of an appreciable
element of novelty and the resolution of scien-
tific and/or technological uncertainty.” r&p does
not include, for example, the following: Routine
activities (such as product testing, quality con-
trol, experimental production, routine software
development, and monitoring and evaluation of
operational programs), patent and license work,
final product or design engineering and manu-
facturing start-up, and training of scientific and
technical personnel.

R&D May be viewed as increasing the stock of
knowledge that leads to improved understand-
ing or to improved processes or products. Basic
research creates a pool of knowledge that can
be drawn upon for further basic research or for
performing applied research.” Applied research
draws upon both basic research and earlier ap-
plied research to create knowledge that can be
used to develop new or improved processes and
products. Development draws upon both ap-
plied research and earlier development. New or
improved processes or products come into be-
ing only at the end of the development process.
There are lags between the creation of knowledge,
particularly that produced by basic research, and
its effects on output. The lags reflect both the
time needed for r&p to lead to improved pro-
cesses and products and the time needed for
the improved processes and products to be fully
adopted throughout the economy.

Neither the creation of knowledge nor the
resulting stock of knowledge are measurable di-
rectly. Measures of output, such as the number
of scientific and technical journal articles pub-
lished and the number of patents awarded, only
roughly approximate the creation of knowledge
because they only cover a portion of r&p and
because many innovations are not patented. A
frequently used method for measuring the out-
put of knowledge is to equate that output with
the expenditures required to produce it. Those

6. The definitions of r&p and the three types of activities that are found
elsewhere—for example, in financial accounting standards and in ~se’s spe-
cific surveys—are similar to these definitions but place emphasis on elements
of the definitions that are relevant to the context.

7. See James Adams [1] and [2].

expenditures can be cumulated over time—uwith
or without depreciation—to measure the stock of
knowledge.

ReD IN economic accounting

reD in standard economic accounts.—In account-
ing for a nation’s production by adding up
expenditures to derive gross domestic product
(epp), two main issues about the treatment of
R&D arise:

 Are expenditures on r&p considered expend-
itures on final goods and services—that is,
one of the products whose value is added up
in deriving an unduplicated production total
such as gpp?

e Even when the expenditures on r&p are
considered expenditures on final goods and
services, are they considered investment?

In the wi1pa’s, expenditures on r&p by
business—whether actually purchased from oth-
ers or carried out inhouse—are treated as in-
termediate rather than final; they are considered
as a current expense of production and are not
among the expenditures added up in deriving
Gpp. Treating them as a current expense fol-
lows general business accounting practice; the
uncertainty about the future benefits of individ-
ual projects is a key argument for expensing r&b.
Expenditures on r&p by government and by non-
profit institutions are treated as expenditures on
final goods and services. All expenditures on r&p
by government and nonprofit institutions are
treated as part of consumption in the current pe-
riod, the former as part of government purchases
and the latter as part of personal consumption ex-
penditures; none are treated as investment. In the
NIPA’S, investment—specifically gross private do-
mestic investment—consists solely of purchases
of structures, durable equipment, and change in
inventories by the business sector. Expenditures
by a U.S. resident for r&p performed abroad are
treated as imports, and expenditures by a foreign
resident for r&p performed in the United States
are treated as exports. These points are summa-
rized in table A, which also indicates that, with
the exception of contractual r&p in Federal na-
tional defense purchases, r&p expenditures are
not identified in Gpp.

The issue of the scope of investment in the eco-
nomic accounts, and in particular the issue of in-
cluding r&p in investment, is a longstanding one.
John Kendrick, in 1951, identified activities related
to improvements in technology and technical in-
novations as leading to improved productivity;
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he noted that technological innovations depend
on advances in knowledge, and he focused on re-
search as a source of these advances.® He viewed
research expenditures—whether directed toward
improving structures and equipment, raising the
level of health, or dealing with problems of land
and natural resource use—as expenditures de-
voted to increasing productivity. Accordingly, he
proposed that they be treated as investment in the
economic accounts. He noted that gross product
would be higher by the amount of expenditure by
business on r&p, which would be counted as final
product rather than expensed; because expend-
itures by nonprofit institutions and government
are already counted as final product, a change to
treat them as investment would not change gross
product.

The issue was raised again a few years later at
a conference that led to the volume A Critique of
the United States Income and Product Accounts.’
The case was made that these expenditures “pay”
in terms of yielding future returns and thus fit the
general characterization of investment. Although
various conceptual and statistical difficulties were
identified as obstacles, there were some prospects
for better statistics.

The 1968 revision of the System of National
Accounts, published by the United Nations as
international guidelines for economic accounting,
referred to the urgent need to clarify the question

8. John Kendrick [33], pp. 79-81.
9. See Eric Schiff [51], pp. 434—435 and George Jaszi [31], pp. 454—455.
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of r&p expenditures in dealing with the boundary
between current and capital expenditures. It was
noted that the clarification could come only on
the basis of experience.

reD N extended economic accounts.—A number
of analysts, working with the U.S. economic ac-
counts, have proposed systems that expand the
boundaries of investment by including r&p and
several other categories of expenditures.

Nancy Ruggles and Richard Ruggles, in 1970,
proposed a category of “development” outlays
defined as those that meet the criterion that the
value of the services provided by the outlay must
accrue in future periods rather than entirely in
the present period.”® Outlays on education and
training and some outlays on health, as well as
outlays on r&p, were viewed as meeting the cri-
terion. Their proposed system included stocks of
“development” capital. They valued the services
of the r&p portion of the capital stock as the
amortization adjusted to market prices plus an
imputed interest charge on the capital stock.

John Kendrick implemented his view that ex-
penditures on certain intangibles are “made pri-
marily to improve the quality or productivity of
the tangible... factors in which they are embod-
ied” and should be treated as investment that
creates intangible capital." The intangible invest-
ment and capital included r&p, education and

10. See Nancy Ruggles and Richard Ruggles [50], especially page 99.
11. See John Kendrick [32], especially pp. 1-21.

Table A.—Research and Development in the NIPA’s

R&D identified in

Published NIPA components containing R&D *

NIPA component

R&D included in NIPA component

Gross national product (1.1, 1)

Personal consumption expenditures (1.1, 2)2
Nonprofit hoSPITAlS (2.4, 52) ....cc.vevieerniiieniieissiesiei e
Education and research (2.4, 102)

Higher education (2.4, 103) ... esineenes
Other (2.4, 105) ...ccvvvveereeeiriiernnirens
Religious and welfare activities (2.4, 106)

Gross private domestic investment (1.1, 6) ..o

Net exports of goods and services (1.1, 15)
Exports of services (4.1, 6) ..
Imports of services (4.1, 14) .....

Government purchases (1.1, 18)
Federal (1.1, 19)
National defense (1.1, 20)
Contractual research and development (3.10, 20) ......cccccveernivrrirneennnen.
OHNET e
NONAEfENSE (1.1, 21) oooivecieiriircrireee s
State and 10Cal (1.1, 22) ..ot

Addendum: Business current expenses of production ..........cccocereneneens

R&D funding from nonprofit hospitals

R&D funding from private universities and colleges
R&D funding from other nonprofit institutions serving individuals
Operating expenses for R&D grants

R&D funding from foreign sources to U.S. performers
R&D funding from U.S. sources to foreign performers

R&D contracted for by the Departments of Defense and Energy 4
Defense R&D performed in-house

Nondefense R&D funding by the Federal Government

R&D funding by State and local governments

R&D funding by business

1. Numbers in parentheses indicate the NIPA table number and the line number of published series.

2. Personal consumption expenditures are likely to contain some expenditures for R&D funded by the business
and government sectors but performed by universities and colleges, nonprofit hospitals, and other nonprofit institu-

tions serving individuals.

3. Not applicable, business spending on R&D is considered to be an intermediate expenditure.

4. Includes only the atomic energy research among that contracted for by the Department of Energy.
NIPA’'s  National income and product accounts

R&D Research and development
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training, health and safety, and labor mobility.
He created gross stock by cumulating investments
over their lifetimes and net stocks by cumulating
depreciation on each vintage of investment and
subtracting it from the gross stock. He estimated
rental values of the capital stocks (referred to by
other authors as service values or returns) for the
nonbusiness sectors and added them to income
and product. His effort, published in 1976, was
viewed as a pilot study for determining the fea-
sibility and usefulness of developing estimates of
total investment and capital stocks.

Robert Eisner used “include investment in in-
tangible and human capital” as one of the guiding
principles for his total incomes system of ac-
counts, published in 1989.” His interest in
investment stemmed in major part from its rela-
tion to productivity and growth. His intangible
capital comprised r&D, education and training,
and health. His methodology for measuring r&p
investment and capitalizing it was essentially the
same as Kendrick’s.

Satellite accounts.—Meanwhile, the possibility of
treating r&p and several other activities as invest-
ment was discussed at length in preparing for the
System of National Accounts 1993.” At the outset
of the discussion, there was strong support for
treating at least some portion of r&p expendi-
tures as investment. Several proposals were made
to identify a portion that was most clearly linked
to a future return—for example, the portion of
development expenditures in which the expendi-
tures are identifiable and the outcome reasonably
certain enough to assure that the costs of the
project would be exceeded by the revenue.

In the end, however, no change was made in
the treatment of r&p. The explanation of the
treatment of business expenditures on r&p noted
that they are undertaken to improve efficiency
or to derive other future benefits and so are
inherently investment-type activities. However,
practical difficulties in meeting the accounting re-
quirements for treating r&p and similar activities
as investment suggested that they be treated as
intermediate:

In order to classify such activities as invest-
ment type it would be necessary to have clear
criteria for delineating them from other activi-
ties, to be able to identify and classify the assets
produced, to be able to value such assets in an
economically meaningful way and to know the
rate at which they depreciate over time. In prac-

12. See Robert Eisner [24], especially pp. 8-2o0.
13. See [52].

tice it is difficult to meet all these requirements.
By convention, therefore, all the outputs pro-
duced by research and development, staff training,
market research and similar activities are treated
as being consumed as intermediate inputs even
though some of them may bring future benefits."*

Nevertheless, there was strong interest in be-
ing able to identify r&p within the economic
accounts, and work toward classification systems
that would help do so was encouraged. In
addition, r&p was recognized as a prime can-
didate for presentation in a satellite account, an
economic accounting tool that achieved interna-
tional recognition when it was incorporated in
the System of National Accounts 1993.

In brief, satellite accounts are frameworks de-
signed to expand the analytical capacity of the
economic accounts without overburdening them
with detail or interfering with their general-
purpose orientation. Satellite accounts, which are
meant to supplement, rather than replace, the
existing accounts, organize information in an in-
ternally consistent way that suits the particular
analytical focus at hand, while maintaining links
to the existing accounts. In their most flexible
application, they may use definitions and clas-
sifications that differ from those in the existing
accounts; for example, the r&p satellite account
uses a different definition of investment, and it
classifies transactors into different groupings. In
addition, satellite accounts typically add detail or
other information, including nonmonetary infor-
mation, about a particular aspect of the economy
to that in the existing accounts; for example, the
r&D Satellite account includes information about
r&D employment.

The advantages of using r&p information as-
sembled along the lines of the Frascati Manual to
prepare a satellite account have become increas-
ingly clear. One of the first satellite accounts,
prepared in France in the 1970’s, built on such
r&D information.” More recently, a framework
for an r&p satellite account for the Netherlands
was constructed to use such information.’® The
new Frascati Manual specifically recognizes the
connection between the data it describes and
economic accounting, and it includes an annex
that explains satellite accounts to experts on sci-
ence and technology who are not familiar with
economic accounting.

14. See System of National Accounts [52], paragraph 6.163.
15. See Michael Braibant [s].
16. See Fritz Bos, et al. [4].
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Methodological Overview

The r&p satellite account focuses on the value
of r&p produced in the United States and the
use of that output as investment. Because no
direct measure of output is available, r&p pro-
duced is measured by summing the costs of its
production, a technique of measurement used in
economic accounting for most nonmarket pro-
duction. The resulting total is referred to as
r&D expenditures. The expenditure estimates
were prepared by starting with the information
available from surveys conducted for nsr and ad-
justing it to statistical and conceptual consistency
with the nipa’s. The decision to work with in-
formation that is not extensively used to prepare
the ~n1pa estimates was made because the regu-
lar source data and estimating methods do not
permit the required level of resolution needed to
focus on r&p."”

The satellite account groups organizations in
a way that reflects the features of their institu-
tional structures and purposes that are relevant
to r&p. In light of the interest in academic
rR&D, universities and colleges (along with their
affiliated institutions, agricultural experiment sta-
tions, and associated schools of agriculture) need
to be shown separately. Federally funded re-
search and development centers (rrrpc’s), which
are r&p oOrganizations financed almost entirely
by the Federal Government, are shown sepa-
rately and grouped with the several kinds of
entities that administer them. (At present, there
are 39 rrrDC’S, including the raxp Corporation,
Argonne National Laboratory, E.O. Lawrence
Livermore Laboratory, and Brookhaven National
Laboratory.) The satellite account shows two
major groups: “Private” organizations and “gov-
ernment.”  “Private” organizations consist of
business (labeled “industry™); private universities
and colleges, private hospitals, charitable foun-
dations, and other nonprofit institutions serving
households; and most rrrpc’s. “Government”
consists of the Federal Government, State and
local governments (excluding universities and
colleges), public universities and colleges, and
rFRDC’S administered by State and local govern-
ment organizations, primarily public universities
and colleges.

Constant-dollar r&p expenditures are derived
by deflation, the method most often used in
the ~ipa’s. In deflation, constant-dollar esti-
mates are obtained by dividing the most detailed

17. In BEA’S input-output accounts, neither current expenses nor receipts

for r&p are identified at the published level of detail. A portion of r&p is
identified at the level of detail at which the estimates are prepared.
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current-dollar components by appropriate price
indexes. In the case of r&p, the current-dollar
components are its costs of production. The
expenditure estimates are treated as investment
and cumulated to yield r&p capital stocks using
methodologies developed by Bea to estimate fixed
reproducible tangible capital stocks.

The most important of the methodological
issues encountered in preparing the satellite
account are described in this section.

Current-dollar expenditures

The measure of expenditures—reflecting labor
costs, the costs of materials and supplies, and
overhead costs (including a charge for the cap-
ital used in producing r&p)—is based on data
by performer, when available, from ~sr surveys.
Only the data by performer provide the cost
components needed to construct constant dollars.

BEA supplements the coverage of the survey-
based data and extends it back in time. Missing
data, primarily for State and local government
r&D and the r&p of some types of nonprofit in-
stitutions, are interpolated and extrapolated from
years for which data are available. Estimates for
years prior to the first nsr survey in 1953 (which
are needed to estimate stocks and related meas-
ures but are not presented in this article) are
primarily based on outside studies that estimated
ra&D for selected years.”® Some supporting data—
in particular, for pre-1953 FFrRDC’S—are estimated
by BEA using various sources.

A number of adjustments are made to the
NsF survey-based spending data to make them
statistically and conceptually consistent with the
N1pA’S. The statistical adjustments are for tim-
ing and geographic coverage and to fill gaps
with estimates for some industries in some years.
A conceptual adjustment is made to put de-
preciation of structures and equipment used in
producing r&p ON a basis that reflects the valu-
ation and consistency appropriate for economic
accounts.

BEA has implemented three disaggregations of
r&D expenditures for analytical use in the satel-
lite account: By performer, with industry detail;
by source of funding; and by type. r&p by
performer serves the same purposes for r&p as
breakdowns by sector or industry of origin in
analyses of production, which are often a first
step in studies of structural change. r&p by fun-
der is useful because a substantial portion of r&p
is not financed by the performer. r&p by type

18. See Nestor Terleckyj [54] and Vannevar Bush [12].
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is useful because the different types interact with
the economy in different ways and with different
lags. Other disaggregations would also be useful,
but are not practical given current resources. For
example, r&p disaggregated by purpose, such as
defense or health, would help relate r&p expend-
itures to other issues. Geographic breakdowns
would also be of interest—for example, in loca-
tion decisions, for which proximity to research
resources may be a factor.

Constant-dollar expenditures

The r&p satellite account provides estimates of
constant-dollar expenditures by performer. In
the absence of outputs and output price meas-
ures, costs of inputs are deflated by weighted
indexes of input prices. The costs of inputs
are derived, at the finest level of detail possible,
from the limited cost information available from
NSF surveys. The cost components are matched
as closely as possible with “proxy” prices. The
individual constant-dollar cost components are
summed to derive constant-dollar expenditures
by performer. (Implicit price deflators for r&p
by performer are a byproduct of the procedure.)

Constant-dollar estimates derived in this way
take into account the changing mix of r&p
performers over time. The estimates of constant-
dollar compensation of employees, which overall
is about 45 percent of inputs, reflect changes in
labor productivity only to the extent that the
price indexes used reflect a procedure that picks
up changes in the mix of employee skills. For
example, the indexes that include Federal em-
ployee compensation reflect changes in the skill
mix estimated by taking into account changes
over time in the level of experience and educa-
tion. Consistent with n1pa practice, the estimates
do not include any additional, specific adjust-
ment, such as an assumed rate of increase in labor
productivity based on observations in related
fields.

Ideally, the same breakdowns available for
current-dollar expenditures would be prepared in
constant dollars—that is, by funder and by type
as well as by performer. However, because most
performers have multiple sources of funding and
because all groups of performers do at least some
of each type of r&p, more detail on cost com-
ponents is necessary to deflate r&p by funder
or type. It is possible that constant-dollar esti-
mates by funder could be derived by allocating
cost components in the cases for which performer
and funder do not coincide. Deriving constant-

dollar estimates by type of r&p will be more
problematic.

Stocks of rep capital

It is generally agreed that stocks of intangible cap-
ital, such as r&p, are best obtained by cumulating
investment flows rather than surveying stocks di-
rectly. Bea’s review of the methods available led
to reliance on the following three elements: (1)
The performer breakdown currently available for
constant-dollar r&p investment; (2) Bea’s current
methodology for fixed reproducible tangible cap-
ital stocks; and (3) uniform service lives for all
rR&D capital. The resulting r&p capital stock es-
timates are the first ones that are fully consistent
with BeA’s estimates of tangible capital.

Scope of rep capital—Some researchers have
questioned whether expenditures on all types of
r&D and in all fields should be treated as capi-
tal formation. Some have excluded basic research
because they view it as being undertaken for the
purpose of improving understanding of the world
and not for the purpose of increasing productiv-
ity or adding to production.” Other researchers
have excluded specific fields of research—for
example, defense or space rap—because they
view those fields as having little applicability to
commercial production. Alternatively, if r&p
is regarded solely as an input to the produc-
tion process, comparable to the blueprints for a
new building, only businesses’ development ex-
penditures for commercial applications might be
included. Some researchers, particularly those
who have constructed a broadened view of in-
vestment and wealth, have included all r&p.”
Including all types of r&p in all fields, as the
satellite account does, is consistent with a view
of r&p as a new kind of wealth. Ideally, an r&D
satellite account would publish r&p capital stocks
showing detailed information that would allow
users of the account to decide which categories
of r&p to include or exclude, depending on their
use of the estimates, but the satellite account does
not yet do so.

Others have questioned whether all r&p, both
successful and unsuccessful, should be treated as
capital formation.”> The r&p satellite account
is consistent in this respect with the existing
NipA treatment of mineral exploration expendi-
tures, which are all treated as investment in line

19. See, for example, Federal Republic of Germany, Federal Statistical
Office [26].

20. See, for example, Zvi Griliches [28].
21. See, for example, John Kendrick [32].
22. Eric Schiff [51] and Fritz Bos, et al. [4].
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with the view that returns from the successes are
sufficient overall to pay for the failures.

Allocation of rexp capital and consumption of
fixed capital.—In doing analytical work on r&p,
some researchers have allocated most r&p capital
financed by government and by nonprofit institu-
tions to the business sector.” The Congressional
Budget Office allocated all r&p to the economy
at large.** In a more general setting, most pres-
entations of capital stocks, including Bea’s fixed
reproducible tangible wealth, are on an owner-
ship basis, allocating stocks to the sectors that
own them.

For r&p capital in the satellite account, an allo-
cation by funder would be closer to an ownership
basis than an allocation by performer. However,
the constant-dollar estimates of r&p expendi-
tures by funder needed to prepare the capital
stocks by funder will require additional work
(see the section “Future Directions”). The r&p
satellite account thus allocates the total r&p cap-
ital stock on the basis of performer to private
and government components. Similarly, the con-
sumption of fixed capital is allocated on the basis
of performer.

Timing.—r&p projects typically take more than
a year from the time they are started until their
results are embedded in new knowledge or in
new processes or products. Researchers have
identified two types of lags: Gestation lags and
applications lags. Gestation lags refer to the time
needed to complete an r&p project. Applica-
tions lags refer to the time between completion
of the r&p and its initial commercial use. The
sum of the two lags yields the time needed for
R&D investments to increase the stocks of knowl-
edge that are actually being used. Survey-based
research has found that gestation lags range from
1 to 2 years and that applications lags range from
somewhat less than 1 year to somewhat more than
2 years.” Researchers have also studied the total
lag between r&p and its peak effects on produc-
tivity or profits.*® They have generally found long
lags, particularly for basic research, because most
new products and processes that result from r&p
are adopted only gradually.

The r&p satellite account only needs to take
into account the gestation lag, which is assumed
to be 1 year. However, because the U.S. eco-

23. See, for example, Robert Eisner [24] and John Kendrick [32].
24. See Congressional Budget Office [14].
25. See John Kendrick [32], John Rapoport [46], and Lenore Wagner [57].

26. See, for example, James Adams [1], James Adams and Leo Sveikauskas
[3], Gellman Associates [27], Edwin Mansfield [37], Ariel Pakes [44], David
Ravenscraft and F.M. Scherer [47], and Nestor Terleckyj [53] and [55].
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nomic accounts measure production at the time
that capital and labor are used in the produc-
tion process, the gestation lag means that another
category of output—r&p inventories—must be
introduced. These inventories are the equivalent
of work-in-progress for some tangible fixed cap-
ital goods whose production requires more than
one time period. r&p inventories are converted
to stocks of r&p intangible fixed capital at the
end of the gestation lag.

Depreciation patterns and rates—Some re-
searchers have treated some, or all, capital created
by r&D as immortal—that is, as a permanent part
of the capital stock once it is added.” Other
researchers have assumed that once r&p capital
has entered the capital stock, it is gradually re-
moved by depreciation—or, more formally, in
economic accounting terms, by consumption of
fixed capital. They used a variety of patterns and
rates of depreciation.28 In the satellite account,
R&D IS assumed to depreciate over a finite lifes-
pan. The depreciation is due to obsolescence as
knowledge from newer r&p supplants the knowl-
edge from older r&p, or as applied r&p produces
newer processes and products that supplant older
ones. (For those who wish to treat r&p cap-
ital as immortal, the satellite account includes
supplemental series that show cumulative r&p
expenditures since 1929.)

The choice of a depreciation pattern for
r&D Stocks is of necessity somewhat arbitrary.
There are no r&p capital markets to provide
information on the value of “used” r&p. A
study of patent renewal rates in several Eu-
ropean countries was inconclusive; its find-
ings could support assumptions about the pat-
tern of depreciation ranging from geometric to
slower-then-faster-than-straight-line.*

In the r&D satellite account, the stock of r&D
capital is constructed using the same method-
ology that is currently used to construct Bea’s
estimates of fixed reproducible tangible capital:
The perpetual inventory method is used with
uniform average service lives, straight-line de-
preciation, and a bell-shaped distribution within
each vintage of capital to determine discards.
The current-dollar stock of r&p is measured at
replacement cost rather than at historical cost.*

27. See, for example, Zvi Griliches [28], John Kendrick [32], David Levy
and Nestor Terleckyj [34], Frank Lichtenberg and Donald Siegel [35], and
Nestor Terleckyj [53] and [s5s].

28. See, for example, Bureau of Labor Statistics [11], Congressional Budget
Office [14], Robert Eisner [24], and M. Ishaq Nadiri and Ingmar Prucha [38].

29. See Ariel Pakes and Mark Schankerman [4s].

30. A full description of Bea’s estimates of tangible capital stock may
be found in Bureau of Economic Analysis [7]. BEa is now reviewing the
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Empirical estimates have been made using ge-
ometric depreciation patterns. Among more
recent studies, Ariel Pakes and Mark Schanker-
man found rates of o.11 to o.12 per year in some
countries, but they reported estimates of 0.1y to
0.26 in the United Kingdom.** James Adams esti-
mated depreciation rates of 0.09 to 0.13 for basic
research.” M. Ishaq Nadiri and Ingmar Prucha
estimated a rate of o.12 for industrial r&p.*

The r&p satellite account uses the straight-line
lifespan that corresponds most closely to a geo-
metric depreciation of o.11 per year, a rate chosen
because it is near the center of a plausible range
of rates. This straight-line average service life is
18 years. A study that compared r&p net capital
stocks estimated using an 18-year average service
life with alternative estimates made using geo-
metric depreciation and a rate of depreciation of
o.11 per year revealed only modest differences that
exhibited no particular time trends.

appropriateness of the concepts and measurement methods underlying these
estimates. Future Bea capital stock estimates may be based on somewhat
different concepts and measurement methods.

31. See Ariel Pakes and Mark Schankerman [45].
32. See James Adams [1].
33. M. Ishaq Nadiri and Ingmar Prucha [38].

Estimates of r&p Flows and Stocks

Table B summarizes some results from the r&p
satellite account. It shows the following:

e Industry has performed two-thirds or more
of r&p for the last 40 years.

¢ The Federal Government has funded a large,
but declining, share of r&p. The decline was
steep after 198;.

¢ By 1992, basic research was 17 percent of all
r&D, almost double its 1960 share. The off-
setting decline was in development, which
was 59 percent of all r&p in 1992. The share
of applied research has changed little.

 r&D funded by government and nonprofit in-
stitutions was equal to 1.2 percent of Gop in
1992, and r&p funded by industry was equal
to 1.7 percent. Since 1960, the sum of the
two has ranged from 2.2 percent in 1978 to
2.9 percent in the mid-1960’s, in 1985, and in
1992.

¢ Constant-dollar expenditures increased at an
average annual rate of over 7 percent from
1953 to 1968. Constant-dollar expenditures

Table B.—Selected Summary Measures
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1960 | 1965 | 1970 | 1975 | 1980 | 1985 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992

Current-dollar measures

R&D performed (percent of expenditures):
INAUSETY .o 77.2 68.2 66.7 65.6 68.3 725 714 70.9 704 70.5 70.8 70.6
Federal Government ... 12.7 154 15.6 153 124 10.8 105 10.4 10.4 10.1 9.7 9.7
Universities and colleges .. 4.9 74 9.0 9.8 9.8 85 9.6 10.1 10.5 10.7 10.8 11.2
Other 5.2 9.0 87 9.3 9.5 8.2 85 8.6 8.7 8.7 8.7 85
R&D funded (percent of expenditures):
Industry 331 323 395 441 48.7 50.9 49.7 51.0 53.1 54.9 57.3 58.7
Federal Government ... 64.6 65.0 57.3 51.7 47.3 45.2 45.9 44.4 42.0 40.1 37.6 36.1
Universities and colleges .. 5 .6 9 12 14 15 17 18 19 2.0 2.1 2.1
Other 18 21 23 3.0 2.6 24 2.7 2.8 3.0 3.0 30 31
8.9 125 132 133 133 124 14.2 14.0 15.2 16.1 17.4 173
21.6 21.3 22.0 22.7 219 224 22.3 22.3 23.0 235 245 23.8
69.5 66.2 64.8 63.9 64.7 65.2 63.5 63.6 61.8 60.4 58.1 58.9
R&D funding as a percent of GDP:
Government and nonprofit INSHEULIONS ...........ccvnrerineierneeeeeis 18 2.0 16 13 12 14 14 13 13 12 12 12
INGUSETY oo 9 9 1.0 1.0 12 15 14 14 14 15 1.6 17
Constant-cost measures
R&D net fixed intangible capital as a percent of government and business
net fixed reproducible tangible capital® ..o 5.8 75 8.4 8.0 7.4 7.7 8.0 8.1 8.2 8.4 8.5 8.7
Average age, in years, of R&D gross fixed intangible capital 6.5 6.6 7.2 8.3 8.9 8.8 8.5 8.4 8.4 8.3 8.2 8.2
Private 5.9 6.3 71 83 9.0 8.7 8.4 8.3 8.2 8.1 8.1 8.1
Government 7.9 7.7 74 8.1 8.8 9.1 9.1 9.0 9.0 8.9 8.8 8.8
Indexes, 1960=100
R&D expenditures (Constant dollars) ... 100 132 136 131 161 219 229 234 237 245 252 254
R&D net fixed intangible capital (constant cost) 100 155 209 233 247 287 313 327 340 352 365 378

1. Business fixed reproducible tangible capital includes capital owned by nonprofit institutions.
R&D Research and development
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then leveled off for nearly a decade before re-
suming an uptrend, but at a more moderate
rate.

¢ With lags and moving more smoothly, the
constant-cost r&p net fixed capital stock
mirrored the pattern of constant-dollar ex-
penditures. In 1992, r&p capital would have
added almost 9 percent to the net wealth of
government and business.

e The average age of the constant-cost r&p
gross fixed stock, a rough indicator of the
age of the knowledge in the stock, increased
from about 6.5 years in 1960 to a high of 8.9
years in 1980. It then decreased to 8.2 years
in 1992.

The tables that make up the r&p satellite ac-
count are in five groups. The tables numbered 1
are summary tables that present expenditures and
investment for 1953—92, and stocks for 1959—92, in
current dollars (or at current cost) and in con-
stant dollars (or at constant cost)—tables 1.1 and
1.2, respectively. The tables numbered 2 present
expenditures in current dollars by performer, by
funder, and by type. The tables numbered 3
present estimates by industry in current dollars.
The tables numbered 4 present constant-dollar
expenditures, including expenditures by perform-
ing industry along with the number of scientists
and engineers by industry. The tables numbered
5 present implicit price deflators.

Current-dollar re+p expenditures

Table 2.1 shows r&D expenditures by performer,
and within each performer, by source of funds.
Chart 1, which is based on this table, shows
shares of r&D expenditures by performer for 1992.
Industry, with expenditures of $119.5 billion, was
the largest performer of r&p, accounting for 71
percent of total r&p expenditures. It has main-
tained at least a two-thirds share for most of
the last 40 years. Public and private universi-
ties and colleges combined, with $18.9 billion,
were the second largest performers of r&p. The
Federal Government followed with $16.3 billion.
Expenditures on r&p activities performed within
the Federal Government, which had a share of 23
percent in 1953, had a 10-percent share in 1992.
The combined expenditures for r&p performed
by State and local governments, nonprofit institu-
tions, and rrrDC'S—at $14.6 billion—accounted
for the remaining share of 9 percent.

For 1992, the Federal Government, in addition
to funding all the r&p it performs, funded a ma-
jority of the r&p performed by universities and
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colleges (59 percent), rrrDC’S (99 percent), and
other nonprofit institutions (57 percent). How-
ever, the share of r&p funded by the Federal
Government has declined steadily over time. In-
dustry and State and local governments fund
most of their own r&p work, 81 percent and 71
percent, respectively.

Table 2.2 shows r&p expenditures by source
of funds, and within each source, by performer.
Five sources of funds are shown in the r&p satel-
lite account: Industry, the Federal Government,
State and local governments, private universities
and colleges, and “other.” Because of data limi-
tations, some small flows are combined with the
major sources of funding; for example, industry’s
funding of r&p performed by industry includes
funds from the rest of the world, because this
funding source cannot be separately identified.

Chart 1 also shows shares of r&p expenditures
by source of funds for 1992. Industry, providing
$99.4 billion, is the largest source of r&p funds,
with a s9-percent share. The Federal Govern-
ment, providing s61.2 billion, is the second largest
source. Together, these two sources provided 95
percent, or $160.8 billion, of the total spent on
R&D iN 1992. Over the go-year period covered by
the satellite account, these two sources of funds
have always accounted for most r&p expendi-
tures, but the shares of the two have changed over
time. The Federal Government’s share reached a
high of 67 percent in 1964 and fell to 36 percent
in 1992. By contrast, the industry share of r&D
funding has steadily increased over time.

Tables 2.3 and 2.4 show r&p expenditures as
the sum of expenditures on the three types of
r&D—basic research, applied research, and de-
velopment. Chart 1 also shows shares of r&p
expenditures by type for 1992. Development, at
$99.8 billion, is over half the total (59 percent).
Applied research, with s$40.2 billion, or a 24-
percent share, is less than half as large. Basic
research, at $29.3 billion, is 17 percent of the total.
The share of basic research has increased steadily:
By 1992, it had almost doubled its 1960 share.
The increases in the share of basic research were
offset by declines in development. The share of
applied research has remained steady.

Basic research is increasingly being performed
at universities and colleges: In 1953, universi-
ties and colleges performed less than 30 percent
of basic research; by 1992, they performed over
40 percent of it. Most applied r&p is per-
formed by industry. Industry currently performs
over two-thirds of applied research and well over
8o percent of development. The Federal Gov-
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ernment performs about 10 percent of applied
R&D.

Table 3.1 shows expenditures by major r&p
performing industries.** Manufacturing indus-
tries are shown at the two-digit standard in-
dustrial classification, except that transportation
equipment is split into “aircraft and missiles”
and “other transportation equipment” because
the share of federally funded r&p in the former is
so large. All nonmanufacturing r&p expenditures
are combined.

Expenditures on r&p performed by industry
were s$122.3 billion in 1992. Until 1992, the
aircraft and missile industry consistently had

34. In the tables showing industry detail, rerpc’s administered by industry
are combined with the remainder of industry because source data do not pro-
vide rrrpC’s administered by industry separately by industry classifications.

CHART 1

November 1994

the largest r&p expenditures, with a peak of
$24.6 billion in 1987. In 1992, chemicals and
allied products took top ranking, with expend-
itures of $16.8 billion. These two industries
were followed by industrial machinery, electronic
and other electrical equipment, and other trans-
portation equipment. The nonmanufacturing
industries, continuing a sharp uptrend, had r&D
expenditures of $30.4 billion. (Nonmanufactur-
ing industries include communication services;
computer programming, data processing, other
computer-related engineering, architectural, and
surveying services; and research, development,
and testing laboratories.)

The federally funded share of industry r&p
has been steadily declining over the last 30 years,
from a high of 59 percent in 1959 to a low of 20
percent in 1992. The Federal share has shrunk

R&D Expenditures, 1992

By Performer

Industy
(70.6%)

Other
(8.5%)

Federal
Government
(9.7%)

Uniwersities and colleges
(11.2%)

Development
(58.9%)

By Type

By Funder

Industy
(58.7%)

Federal
Government
(36.1%)

Uniwersities and colleges
(2.1%)

Applied
(23.8%)

Basic
(17.3%)

Source: Bbles 2.1.,2.2., and 2.3.

U.S. Department of Commerce, Bureau of Economic Analysis
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rapidly since the mid-1980’s, particularly in the
aircraft and missiles industry. Federal funding
accounted for 61 percent of funding in this in-
dustry in 1992, down from 76 percent in 198;.
When Federal funding is removed, the aircraft
and missile industry drops from second place to
sixth place ($6.3 billion). Chemicals and allied
products led non-federally funded manufactur-
ing r&p performance with expenditures of $16.5
billion. Nonmanufacturing industries, contin-

SURVEY OF CURRENT BUSINESS

uing a sharp uptrend, reached s24.4 billion in
non-federally funded r&b.

Table 3.2 shows company-funded r&p expend-
itures performed outside the United States by
U.S. companies and their foreign subsidiaries.
The chemicals and allied products industry is
the leader, with expenditures of $2.7 billion, in
1992. This industry accounted for 28 percent of
the 1992 industry-funded expenditures of foreign
subsidiaries.

Comparison of r&p Capital Stock Estimates

The accompanying table shows Bea’s estimates of the total r&p
capital stock, and of selected components, together with estimates
that others have published. In addition, it shows an alternative set
of Bea estimates that is based on 11-percent per year geometric de-
preciation (rather than straight-line depreciation). The upper panel
of the table contains estimates of r&p stocks for selected years. The
lower panel shows Bea’s estimates less the estimates by others. The
comparison should be viewed as rough, because it was necessary to
convert most of the other estimates to 1987 dollars from other base
periods by using the ratios of Bea’s r&p deflator in various base
years to its 1987 value of 100. Because of weight shifts over time, the
conversion factors yield only approximations of what would be the
actual values of rebased deflators.

The alternative Bea stock estimates are not very different from the
BEA estimates in the satellite account, and the two series show no
tendency to diverge over time. Estimates made by John Kendrick
[32] are increasingly higher than the Bea estimates over time. Esti-
mates made by Robert Eisner [24] begin slightly higher than the Bea
estimates and become increasingly higher over time. Estimates made
by the Office of Management and Budget (omB)—which appeared
in the Analytical Perspectives volume of the fiscal year 1995 Budget
of the United States Government [40]—begin at about the same level
and become increasingly higher.

A major reason for these divergences is that Bea’s methodology
depreciates basic research capital, while the others’ methodologies
treat it as immortal and do not depreciate it. The rebasing of prices
may also explain some of the differences between the Kendrick and
Eisner estimates and the Bea estimates. Other differences result from
different methodologies for calculating depreciation and from the
others’ use of nsr estimates of r&p expenditures rather than Bea’s
estimates; Eisner’s use of a 20-year life for other r&p capital also
contributed to the differences.

Estimates of the federally financed r&p capital stock made by oms
are increasingly larger than those produced using a rough Bea ap-
proximation of Bea’s constant-dollar expenditures with geometric
depreciation. This divergence reflects oms’s assumption that basic
research capital is immortal. In addition, oms’s estimates assume a
10-percent rate of depreciation for other research, somewhat lower
than the 11-percent depreciation rate underlying Bea’s alternative es-
timates. Other differences arise because oms used Federal outlays
on a fiscal year basis, whereas Bea’s estimates are primarily based
on performers’ reports of expenditures on a calendar year basis.

Estimates of industry r&p capital stock from a study by the Bureau
of Labor Statistics (srs) [11] are increasingly lower than the corre-
sponding Bea estimates from 1960 to 1965 and are roughly the same
amount lower thereafter. The principal reason for the lower values
is that the srs study did not include development expenditures in
their capital formation estimates. Other differences arise from the

BLs Study’s assumption that basic research capital is immortal, its
lower—io0 percent per year—rate of depreciation for applied re-
search, its longer gestation lags, and its different method of deflation.

Estimates of industry r&p capital stock made by Nadiri and Prucha
[38] are somewhat higher than Bea’s corresponding estimates for
1965. Thereafter, their estimated capital stocks grow a little more
slowly, on average, and are modestly lower in 1985. The initial differ-
ence may be due to the assumed seed value that begins their capital
stock estimates. Thereafter, the slower growth reflects a 12-percent
per year estimate for the rate of depreciation, somewhat higher than
BEA’S effective rates of depreciation.

Comparison of BEA and Others’ R&D Capital Stock Estimates
[Billions of 1987 dollars]

1960 | 1965 | 1970 | 1975 | 1980 | 1985 | 1990

Levels

R&D net total capital stock:

BEA .o 278| 429| 581| 646| 686 797| 978
BEA alternative with 11-percent

depreciation rate ........cccoeeeeen. 280 423 551 604 670 810 978
Kendrick 441 661 | v | ereenn | e | v | e
Eisner ... 298| 476 664| 835| 1,006 .coooree | corrrnnn.
OomB? 200| 400| 600 700| 800| 1,000| 1,200
R&D net federally-funded capital

stock:

BEA alternative with 11-percent

depreciation rate ......cowveees | cevvvenns | wovriiens 312 321| 338 381| 442
OMB ..vrrieresrnseessssinne | s | ceveneeens 384| 427 460 509| 593

189 297| 391| 425| 451 547| 698
98| 143| 202| 262| 314| 392] ...
295| 352| 401| 410| 433| 521| ...

BEA less other estimates

R&D net total capital stock:
BEA alternative with 11-percent
depreciation rate ........cccoeeeeen. -2 6 30 42 16| -13 0

Kendrick 2
Eisner ...

OMB? ... 0 0 0| -100| -100| —200| —200
R&D net federally funded capital

stock:

OMB .coorerenrierrieriissessnennins | vvervine | oveeninne -72| -106| -122| -128| -151

154 189| 163| 137
-55| -10 15 18

Nadiri and Prucha

1. Published estimates are rounded to the nearest $100 billion.

2. The difference shown for 1970 is actually for 1969, the latest year available.
BLS Bureau of Labor Statistics

OMB Office of Management and Budget

R&D Research and development
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Constant-dollar rexp expenditures

Table 4.1 shows r&p expenditures by performer
in constant dollars. Total r&p expenditures grew
at an average annual rate of 7.3 percent in 1953—68.
(Over much of the period, Federal spending on
defense-related and space r&p increased sharply.)
Expenditures then leveled off for nearly a decade,
with an average decline of 1.3 percent in 1968—
75. An uptrend then resumed, but at a more
moderate rate; the average annual rate of increase
in 1975-92 was 4.0 percent. (During this pe-
riod, r&p spent on energy, following the 1973 oil
embargo, and on health stepped up.) Chart 2
presents expenditures by performer group. Ex-
penditure patterns have been similar for each
of the groups performing r&p. Expenditures in-
creased steadily until the late 1960’s, leveled off
or declined somewhat for a decade, and, except
for Federal performance, then increased through
1992. Federal performance has been flat since the
late 1980’s.

Table 4.2 shows constant-dollar expenditures
by industry (including rrrpc’s administered by
industry). The recent growth in r&p expendi-
tures for industry has been uneven. From 1987 to
1992, real r&p performed by industry increased
at an average annual rate of 2.1 percent; however,

CHART 2

Constant-Dollar R&D Expenditures
by Performer

Million 1987 $, ratio scale

1,000

Industy

Federal Government

100

20 LALLLL b e e e i e e e PP L
1953 56 59 62 65 68 71 74 77 80 83 86 89 92

Source: Bble 1.2.

U.S. Department of Commerce, Bureau of Economic Analysis

7 of the 14 industry groups had declining r&p
expenditures during this period. The fastest rates
of decline were in stone, clay, and glass products
and in aircraft and missiles. The fastest growth
has been in nonmanufacturing, which tripled its
r&D expenditures between 1987 and 1992.

Table 4.3 shows the number of r&D scientists
and engineers by industry, an additional input se-
ries. Like the constant-dollar expenditure series,
it abstracts from price change over time, but it
is narrower in coverage than expenditures. From
1987 t0 1992, the picture of uneven growth across
industry groups seen in the constant-dollar es-
timates is also seen in the number of scientists
and engineers. Again, the fastest growth is in
nonmanufacturing, but the number of scientists
and engineers doubled rather than tripling as the
constant-dollar expenditures did.

Tables 5.1 and 5.2 show implicit price defla-
tors (1ipp’s) for each of the performers. pp’s are
constructed to derive constant-dollar estimates;
the overall pp for r&p is a byproduct of the
constant-dollar estimates.” The 1pp’s of most
performers do not greatly differ from the 1o for
total r&p, Which grew at an average annual rate
of 3.7 percent during 1987—92. Notable exceptions
are universities and colleges and rrrpc’s. During
1987—92, the 1pp’s for private and public univer-
sities and colleges grew at average annual rates
of 5.9 percent and 5.8 percent, respectively. On
the other end of the scale, the 1pp’s for FrrDC’S
administered by nonprofit institutions and by
governments grew at average annual rates of 2.5
percent and 2.6 percent, respectively.

Stock of rep capital

Investment, consumption of r&p capital, and
gross and net stocks are shown in tables 1.1 and 1.2
in current dollars and in constant dollars, respec-
tively. Stocks and consumption of r&p capital
are not shown prior to 1959, because the perpet-
ual inventory method for deriving r&p net fixed
intangible capital stock would require additional
years of constant-dollar investment data, which
are not available.

35. BEA constructed the r&p 1pp at the finest level of detail possible.
In contrast, nsr and others have used the coe implicit price deflator or
other summary price measures to produce estimates of constant-dollar r&p
expenditures. A comparison of the total r&p 1pp and the coe 1pp shows that
the latter provides a reasonable approximation to the former for deflating
total r&p expenditures. Use of the gpr 1pp overstates the historical growth in
r&D performed in public and private universities and colleges and understates
the historical growth in r&p performed in many rerbc’s. Nsr Views the gpp
deflator as an “opportunity cost” of the real resources forgone in engaging
in r&p rather than as measuring the costs of doing r&p, and recognizes that
the deflator is less useful for calculating finer-level components of r&p. See
National Science Board, National Science Foundation [39].
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In 1992, constant-dollar fixed tangible invest-
ment was $723 billion; the constant-cost net stock
of fixed reproducible tangible capital of govern-
ment and business (including nonprofit insti-
tutions) was $12,020 billion. Adding constant-
dollar r&p fixed intangible investment would
increase fixed investment by 19 percent, or $i40
billion; adding the resulting r&p stock would
increase the constant-cost net stock of fixed re-
producible capital by almost 9 percent, or $1,049
billion.

Chart 3 compares the constant-cost net stock
of r&p fixed capital with the constant-cost net
stock of fixed reproducible tangible capital of
government and business. The chart shows that
while the constant-cost fixed reproducible tangi-
ble capital stock grew rather steadily from 1959
to 1992 (left scale), the stock of r&p capital
grew rapidly until 1970, slowed sharply from 1970
to 1981, and then grew somewhat more rapidly
thereafter (right scale). The ratio of the r&D
stock to the fixed reproducible tangible stock in-
creased sharply until 1970, fell until 1981, and has
increased thereafter.

The average age of the r&p gross fixed intan-
gible capital stock, a rough indicator of the age
of the knowledge in the stock, is a byproduct of
the perpetual inventory method. As shown in the
addenda to table 1.2, the average age of the to-
tal constant-cost gross r&p stock increased from
about 6.5 years in 1960 to a high of 8.9 years in
1980, then deceased to 8.2 years in 1992. The age
of private stock, which makes up about three-
quarters of the total stock, showed a very similar

CHART 3

Constant-Cost Net Stocks of Capital

Trillion 1987 $, ratio scale Billion 1987 $, ratio scale

20 2,000
Government and business
fixed reproducible tanglb capital (left scale)\\
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pattern. The age of the government stock started
higher, at almost 8 years, decreased about half a
year over the decade to 1970, and then increased
to ¢ years at the end of the 1980’s; it stood at 8.8
years in 1992.

Future Directions

The r&p satellite account now presents basic
information about r&p—the value of its pro-
duction by performer, by funder, and by type
in current dollars and by performer in constant
dollars—and treats the expenditures that meas-
ure that production as investment to obtain a
stock of r&p fixed intangible capital. Future
work could proceed in several directions: Round-
ing out the view of r&p within an economic
accounting framework, refining the existing esti-
mates and providing additional information, and
enhancing the international comparability of the
satellite account presentation of r&b.

Rounding out the economic accounting view of
r&D.—The satellite account presents the total
value of r&p produced in the United States by
adjusting the best available source of information
about r&p to prepare estimates consistent with
the n1pa’s. The restructured o that is implied
is shown as follows:

Personal consumption expenditures
Less: Expenditures on r&p
Plus: Consumption of fixed r&p capital
Gross domestic investment
Gross fixed investment
Tangible fixed investment
r&D fixed investment
Change in inventories
Business tangible inventories
R&D inventories
Net exports of goods and services
Government purchases
Less: Expenditures on r&p
Plus: Consumption of fixed r&p capital

Nonprofit institution and government expend-
itures on r&p are subtracted from personal
consumption expenditures and government pur-
chases, respectively. Those expenditures are
added to business expenditures on r&p to obtain
total r&p investment, split as described earlier be-
tween fixed investment and change in inventories.
(The term “tangible” is introduced to distin-
guish the investment in the existing accounts
from r&p.) Consumption of fixed r&p capital is
allocated to nonprofit institutions and to gov-
ernment; the consumption of fixed r&p capital
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allocated to business does not appear because it
is intermediate consumption. cpp is increased
by the addition of business expenditure on r&p
(which had been intermediate consumption) and
the addition of the difference between expendi-
tures on r&p and the consumption of fixed r&p
capital that is included in personal consumption
expenditures and in government purchases.

This view of the production of r&p is use-
ful, but could be more fully rounded out within
an economic accounting framework. To do so
within the national income and product (~ip)
account—the first of the five accounts in the Nira
summary set of accounts—would call for iden-
tifying components on the product and income
sides of the ntp account that include subcompo-
nents that relate to r&p. For example, tangible
investment includes investment that provides the
capital used to produce r&p, and identifying that
investment within the total may be useful.

Rounding out the treatment in the ~ip ac-
count would lead to changes in the other four
accounts of the ~1pa summary set. In partic-
ular, the gross saving and investment account
would reflect changes in the coverage of invest-
ment, consumption of fixed capital, and sector
saving.

Further, the investment allocated to govern-
ment and nonprofit institutions might be ex-
pected to have a net return (over and above
costs, such as consumption of fixed capital) that
would appear both on the product (or expendi-
ture) side of the account and on the income side.
At present, the ~ntpa’s do not include such a re-
turn for nonprofit institutions’ investment, and
they do not treat any government expenditure
as investment (so that there is no return to be
considered). However, Bea, as part of an ongo-
ing modernization of the accounts, is considering
treating government expenditures on structures
and durable equipment as investment, and a ma-
jor issue is whether a net return on the capital
created should be estimated. Especially if a net
return is calculated for government fixed repro-
ducible tangible capital, the r&p satellite account
should be brought into line to have a consistent
treatment for all government capital.

These points are raised within the context
of the existing ~rpa’s and the associated capi-
tal stock estimates. However, Bea is reviewing
the appropriateness of the concepts and meth-
ods underlying its capital stock estimates, and
future estimates may be based on somewhat dif-
ferent concepts and measurement methods.*® In

36. See Jack E. Triplett [56].

keeping with the approach of constructing the
r&D Satellite account measures to be consistent
with the more general measures with which they
might be used and compared, the satellite ac-
count measures could change also. Further,
as the U.S. accounts are modernized along the
lines of the international guidelines in the System
of National Accounts 1993, further modifications
might be made.

Refining the estimates.—Refining the estimates
and providing additional breakdowns would
strengthen the satellite account. r&p expend-
itures funded by the Federal Government by
agency would provide a proxy for a partial break-
down of r&p by purpose. This breakdown also
could lead to a defense-nondefense split; the de-
fense portion would include both purchases of
contractual r&p and r&p performed inhouse.
Such additional detail could be expected to be of
wide interest and also improve the n1pa estimates.

Sources of data on r&p other than nse have
the potential of improving the accuracy of the
estimates and of facilitating the provision of addi-
tional information. One possibility is that other
sources of r&p data could be used to supple-
ment the information from ~sg’s surveys. These
sources could be useful, for example, in de-
veloping the analytically interesting but difficult
breakdowns by purpose or region. For example,
health-related r&p, by all performers, might be
separately identified. Another possibility is that
BEA’S survey data on direct investment—foreign
direct investment in the United States and U.S.
direct investment abroad—and on international
trade in services could be further mined for in-
formation about international r&p expenditure
flows. Because the knowledge gained from r&p is
highly mobile internationally, and because there
is some evidence that the internationalization of
rR&D I$ intensifying, there is substantial interest in
tracing the flows.

Further work to refine the deflation of r&p
could yield constant-dollar estimates by source
of funding and by type of r&p. These constant-
dollar estimates would yield, in turn, r&p capital
stocks that would allow users to examine whether
r&D capital from different sources of funding
have different effects. For example, this refine-
ment would allow further examination of the
finding by some analysts that government-funded
r&D has different effects on productivity than
other r&p. Similarly, stocks of r&p capital by
type would allow the examination of whether the
different types have effects on productivity with
different time patterns.
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International comparability.—Because of the sub-
stantial interest in comparing r&Dp across coun-
tries, several strands of work in the international
area could contribute to, and benefit from, the
U.S. r&p satellite account. First, further work on
r&D and other forms of intangible capital forma-
tion and capital stock is on the research agenda
that emerged from the preparation of the Sys-
tem of National Accounts 1993. This work might
lead to some useful standardization on aspects for
which empirical work is not likely to lead to firm
answers—for example, on the issue of longevity
of basic research capital. Second, several inter-
national classifications that identify purpose, or
function, are to be completed or updated in the
future. One of the specific goals of the work is
to include r&p—for example, in the classification
of functions for government and for nonprofit
institutions. The classification work is likely to
draw upon the Frascati Manual. Third, as noted
earlier, several countries prepare or are exploring
the preparation of r&p satellite accounts.

In looking to the future of BeA’s r&p satel-
lite account, it is especially fitting to note that
satellite accounts are sometimes called economic
accountants’ laboratories. The work in these
laboratories—both in the United States, reflect-
ing comments from users and BEA’S experience,
and abroad—can be expected to add to knowl-

Data Availability

A complete set of data in the r&p satellite account
is available on a microcomputer diskette. The data set
includes the tables published in the article, but for all
years rather than just the selected years shown in the
article. The first year of data shown in most tables
is either 1953 or 1959, depending on the availability of
source data. The disk also includes supplemental tables.

The Bea accession number for the diskette, which is
a 3%5-inch up diskette, is 53-94—40—001. Its price is $20.

For more information about the contents of the
diskette, call Carol Moylan at 202—-606—9711 or Bruce
Grimm at 202—-606-9623. To order the diskette using
MasterCard or Visa, call Bea’s public information of-
fice at 202—-606—-9900. To order by mail, write to the
Public Information Office, Order Desk, BE-53, Bureau
of Economic Analysis, U.S. Department of Commerce,
Washington, pc 20230. Specify the r&p Satellite Ac-
count diskette, accession number, and its price. For
foreign shipment, add 25 percent to the total amount
of the order. A check or money order payable to “Bu-
reau of Economic Analysis” must accompany all written
orders. Be sure to include a return address.
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edge. This knowledge, combined with resources,
would help set a course for future improvements.

Technical Note

This note provides additional information about
the construction of the r&p satellite account.
It covers the sources of data, estimating meth-
ods, and assumptions used to construct the three
major segments of the account: Current-dollar
expenditures, constant-dollar expenditures, and
current-cost and constant-cost gross and net cap-
ital stocks. Because the r&p satellite account is
designed to supplement the U.S. economic ac-
counts, the methods used to estimate r&p flows
and stocks are consistent with those used to
construct the U.S. national income and prod-
uct accounts (~n1ra’s) and the associated estimates
of capital stocks. As it does with other esti-
mates, Bea has modified available source data
to tailor them to the statistical and conceptual
requirements of the account.

Current-dollar expenditures

The estimates of r&p expenditures are largely
based on, or are extensions of, data that be-
gan in 1953 from four annual surveys published
by the National Science Foundation (nsg): Fed-
eral Funds for Research and Development, Federal
Support to Universities, Colleges, and Selected
Nonprofit Institutions, Academic Science and En-
gineering: rerp Expenditures, and Research and
Development in Industry.”” The two Federal sur-
veys are universe surveys, the academic survey
is close to a universe survey, and the industry
survey uses a sample that is redrawn every 5
years.*® The surveys are intended to cover all for-
mal r&D activities, not just the activities assigned
to separate r&D UNItS.

The first survey measures obligations and out-
lays by Federal agency, and the second survey
measures obligations by Federal agency. The last
two surveys measure expenditures. These sur-
vey measures differ with respect to the kind of
information they collect about the tangible cap-
ital used in performing r&p. For example, the
two Federal surveys include a separate measure of
tangible capital spending, but exclude its depreci-
ation. The academic and industry surveys do not
include a separate measure of capital spending,
but include its depreciation as an unidentifiable
part of overhead costs. All of these measures are

37. See Division of Science Resource Studies, National Science Foundation
[151, [16], [17], [18], [20], and [22] for more information.

38. Beginning in 1992, the industry samples will be redrawn annually.



SURVEY OF CURRENT BUSINESS

broken down by type of r&p, and each survey
includes at least some geographic detail. In addi-
tion, the industry survey provides tabulations of
the net sales of r&p performing companies and
the full-time-equivalent number of industry r&p
scientists and engineers.

Data from surveys of State and local r&p
expenditures and of nonprofit institution r&p ex-
penditures, published occasionally by ~sk, were
also used.”” These data were interpolated and
extrapolated to obtain estimates for missing
years.

Performer-based estimates.—The r&p satellite ac-
count features estimates of r&p expenditures that
are largely based on data reported by perform-
ers of the r&p rather than by funders of the
r&D. This approach attempts to avoid at least
two problems. First, the data reported by fun-
ders would have to be adjusted to convert them
from a time-of-payment-to-the-performer basis
to a time-of-expenditure-by-the-performer basis
in order to be consistent with the timing with
which purchases of goods and services are gen-
erally recorded in the nipa’s. Second, the data
reported by funders would have to be adjusted to

39. See Division of Science Resources Studies, National Science
Foundation [20] and [22] for more information.

avoid double-counting. Otherwise, r&p that is
subcontracted would be counted twice—once by
the primary source of funding and once by the
secondary source of funding that subcontracted
the r&p.

Expenditures for r&p performed by indus-
try, by public and private universities and col-
leges, and by academically administered, feder-
ally funded research and development centers
(rerDC’S) are prepared from data reported by
r&D performers. In recent years, these per-
formers have accounted for roughly 85 percent
of all r&p expenditures. For the remaining
15 percent, performer reports are not available,
and expenditures are based on data reported by
funders.

Adjustments to the survey data.—sea adjusts the
survey-based data to make them conceptually
and statistically consistent with the ~tpa’s. The
adjustments raised the level of current-dollar ex-
penditures, on average, 2.5 percent in 1953—92; in
1987—92, the adjustments raised the level some-
what less, an average of 1.5 percent. The four
major types of adjustments to the nsr survey data
are summarized in table C.

First, Bea adjusts the r&p expenditures from
NSF Surveys to obtain consumption of fixed tangi-

November 1994

Table C.—Major Adjustments to National Science Foundation Survey Data to Derive R&D Satellite Account Expenditures

53

Type of adjustment

Method used

R&D performers affected

Adjustments to obtain consumption of fixed tangible capital

used in performing R&D.

Expenditures for R&D structures and equipment are
removed from R&D expenditures. Consumption of this
capital is estimated using perpetual inventory
methodology and added to R&D expenditures.

Federal Government
State and local governments

Implied depreciation of fixed tangible capital used in
performing R&D is put on an economic accounting
basis.

Private universities and colleges

Public universities and colleges

FFRDC's administered by universities and colleges
Industry

Timing adjustments ........ccccovvvereereneeneen.

Fiscal years are converted to calendar years, using
weighted averages.

Federal Government

State and local governments
FFRDC's administered by NPI's
Other NPI's (Federal funds)

Academic years are converted to calendar years, using
weighted averages.

Private universities and colleges
Public universities and colleges
FFRDC's administered by NPI's

Federal R&D obligations are converted to expenditures,
using statistically estimated phase-out patterns.

Federal Government
FFRDC'’s administered by NPI's
Other NPI's (Federal funds)

Geographic coverage adjustments .................

R&D expenditures primarily in U.S. territories and
possessions are removed from R&D expenditures.

Private universities and colleges
Public universities and colleges
FFRDC's administered by universities and colleges

Adding estimates of suppressed industry detail

Judgmental estimates are used where R&D data have
been suppressed by NSF to avoid disclosures of
confidential survey data.

Industry

FFRDC's  Federally funded research and development centers

NPI's  Nonprofit institutions
NSF  National Science Foundation
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ble capital used in performing r&p. Two methods
are used, depending on the handling of this
capital in the surveys. For the Federal Gov-
ernment and for State and local governments,
BEA removes expenditures on fixed reproducible
tangible capital—structures and equipment—and
adds an estimate of the consumption of that cap-
ital based on Bea’s perpetual inventory method-
ology. For other performers, Bea converts the
depreciation implied in the r&p survey (part of
overhead) to a basis that reflects the valuation
and consistency (for example, of service lives)
appropriate for economic accounts.

To make the conversion for private and public
universities and colleges and for rrrpC’S admin-
istered by universities and colleges, an estimate of
expenditures on r&p structures and equipment is
made as a first step. Equipment is then split be-
tween capital equipment and expensed “research”
equipment. (Research equipment is purchased
by the academic institution from current fund
accounts.) Next, the implied depreciation of
structures and capital equipment is calculated
using the depreciation patterns and the service
lives prescribed for nsr reporting purposes. This
implied depreciation and the expenditures on
research equipment are then subtracted from re-
ported r&p expenditures. Finally, Bea’s estimate
of consumption of structures and equipment,
which is estimated using Bea’s perpetual inven-
tory methodology and the same service lives used
in preparing fixed tangible capital stocks, is added
back in; it is valued at current cost.

To make the conversion for industry per-
formers, the information on capital expenditures
needed to develop an estimate of implied depre-
ciation is not available. Bea developed estimates
based on the 1958 survey-based depreciation re-
ported by nsr and the 1982 depreciation charges
of r&p auxiliaries from the Bureau of the Census
1982 Enterprise Statistics [6]. For each indus-
try, the depreciation is converted to an economic
basis using the ratios of historical-cost to current-
cost valuation from the estimates of academic
expenditures described above.

Second, two timing adjustments are made.
Data from the Federal Government are on a fis-
cal year basis, and data from universities and
colleges are on an academic year basis. These
data are converted to a calendar year basis by us-
ing weighted averages of adjacent years. Federal
obligations by performer—for example, contracts
awarded or other binding commitments made
that will require outlays—are converted to ex-
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penditures using statistically estimated phasing
patterns prepared by Bea.

Third, data from the academic surveys are
adjusted to exclude ra&p performed in geo-
graphic areas—primarily U.S. territories and
possessions—that are not included in the n1pa’s.
Because these academic surveys tabulate ex-
penditures by individual school or rrrpc, these
expenditures could be removed.

In the fourth adjustment, Bea developed r&p
expenditure estimates for industries and years
that had been suppressed by ~sr in order to avoid
disclosure of confidential information from the
industry survey. The Bea estimates are based on
statistical techniques (primarily interpolations),
on fragmentary data from other sources, and
on judgment; they do not disclose confidential
company data.

Backward extensions of the survey data.—In or-
der to develop the necessary statistical foundation
to construct capital stock estimates using the
perpetual inventory method, Bea prepared es-
timates of r&p expenditures for years prior to
1953, When the Nsr surveys began. Using various
data sources, Bea extended the r&p expenditure
estimates back to 1920. Estimates of r&p expend-
itures are not made for years before 1920, because
little information is available; it is assumed that
r&D expenditures before 1920 were quite small.

The Bea estimates of expenditures by r&p
performers for 1920—52 are made using a method-
ology generally similar to that described by John
Kendrick.** First, expenditures are established
for benchmark years. Benchmark years are 1921,
1930, 1940, and 1951 for total r&p expenditures
and 1921, 1927, 1931, 1933, 1938, 1940, 1946, and
1951 for industry r&p, and the expenditures are
from Nestor Terleckyj.* Expenditures in the
non-benchmark years in 1920—41 are estimated
by interpolation or extrapolation, using estimates
of r&D reported by Vannevar Bush as indicators
when available.** Expenditures for nonbench-
mark years in 1942—52 are estimated using data
published by the Research and Development
Board.*

The BEA estimates for 1920-s52 are supple-
mented in two ways. Expenditures for rrrDC’S,
from their inception in 1942, are based on data
published in a study by the Denver Research In-
stitute.** Expenditures on the Manhattan project

40. See John Kendrick [32].

41. See Nestor Terleckyj [54].

42. See Vanevar Bush [12].

43. See Research and Development Board, Department of Defense [54].
44. See Denver Research Institute [15].



SURVEY OF CURRENT BUSINESS

(which developed the first atomic bomb) for
1942—46 are based on data reported by Richard
Hewlett and Oscar Anderson, Jr.# At its peak in
1944, the Manhattan project accounted for nearly
one-tenth of all r&p performed in the United
States.

Issues with re»p by funder and by type.—As dis-
cussed above, the basic framework for the r&p
satellite account is r&p arrayed by performer. In
addition, r&p is shown broken down by source
of funding and by type.

In the r&p satellite account, a maximum of
five sources of funding are distinguished: Fed-
eral Government, State and local governments,
industry, universities and colleges, and other
(which includes nonprofit institutions and for-
eign sources). The satellite account shows less
source-of-funding detail for some performers be-
cause of varying source data. For example, three
sources of funding are distinguished for r&p
performed by industry (see table 2.1), although
industry source data divide r&p performed into
only two funding categories—Federal funds and
all other funds. Within the other funds cate-
gory, Bea estimated State and local government
funding using data from surveys of State and
local r&p. BEA assumed that the funding of in-
dustry r&p from universities and colleges and
from other nonprofit institutions is negligible
and that foreign funding is small enough so that
the remainder of industry r&p funding could be
labeled “from industry.”

The breakdowns by type embody substantial
uncertainty. Because there are no clear-cut dis-
tinctions between the types, uncertainties must
be resolved by the judgment of the survey re-
spondents. It is unlikely that these resolutions
will be the same among reporting groups. For
example, academic respondents may be less likely
to report research as applied or development. In
addition, the breakdowns by type are voluntary
on industry and academic surveys, and not all
surveys ask for the full three-way breakdown.

Constant-dollar expenditures

Table D provides an overview of the source data
and methods used in deriving constant-dollar
r&D expenditures. For each group of perform-
ers, constant-dollar expenditures are calculated
by dividing current-dollar expenditures by price
deflators at the most detailed cost level avail-
able. Constant-dollar estimates begin in 1929, the
year ntpa price indexes become available. The

45. See Richard Hewlett and Oscar Anderson, Jr. [29]

methodology of using cost components that are
matched with existing indexes builds on both
existing Bea work and work done by others—
most notably John Jankowski of nsr and Edwin
Mansfield of the University of Pennsylvania for
industry r&p expenditures and D. Kent Hal-
stead of Research Associates of Washington for
academic r&p expenditures.*®

Typically, the cost components are compensa-
tion of employees, materials and supplies, and
overhead. Data used for deflation include infor-
mation on prices paid by the Federal Govern-
ment, the n1pa price index for noncommercial re-
search organizations, the producer price index for
industrial commaodities published by the Bureau
of Labor Statistics (BLs), average hourly earn-
ings and median weekly salaries of managers and
administrators from Brs, annual mean salaries
of engineers from the Engineering Manpower
Commission, component price indexes from the
National Institute of Health’s biomedical r&p
price index, and higher education price indexes
published by Research Associates of Washing-
ton.” The base year is 1987, for which each price
index is set equal to 100.

Capital stocks

R&D investment is broken into two components—
fixed investment and change in r&p inventories.
In the r&p satellite account, it is assumed that
expenditures on r&p are inventoried for 1 year
before they are included in r&p fixed capital in
order to allow for the time needed to complete
rR&D projects. When measured in constant dol-
lars, r&D fixed investment is equal to the r&p
expenditures for the preceding year, and for each
year, the change in r&p inventories is equal to the
change in r&D expenditures. Because the begin-
ning and ending inventory levels reflect different
price levels, current-dollar r&p inventories from
the end of the preceding year are revalued to cor-
respond to the prices for the current year by using
an inventory valuation adjustment.*

r&D fixed capital stocks are constructed us-
ing the methods Bea uses to construct capital
stocks associated with the nipa’s, including the
same perpetual inventory method that is used for

46. See John Jankowski [30], Edwin Mansfield [36], and Research
Associates of Washington [48].

47. Additional information on Bea’s deflators for Federal purchases of
r&D May be obtained from the Bureau of Economic Analysis [8]. Additional
information on Bea’s deflators for higher education and research may be
obtained from the Bureau of Economic Analysis [10]. Additional information
on the biomedical r&p price index may be obtained from Office of Science
Policy and Technology Transfer, National Institutes of Health [42].

48. See Bureau of Economic Analysis [9] for more information about the
N1pA inventory valuation adjustment.
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Table D.—Research and Development Expenditures by Performer: Sources and Methods for Constant-Dollar Estimates

Cost component

Source data for cost component

1987
(billions
of dollars)

Method and source data

R&D expenditures
Industry
Compensation of employees

Scientists and engineers

Support staff

Materials and SUPPIIES ........oceveerverivrerirceririreineienene
Overhead less CFC

CFC for structures and equipment ...........ccccoveveennee

Private universities and colleges
Compensation of employees

Materials and SUPPIIES ........cvveervrireineininerniieninne

Overhead less CFC

CFC for structures

CFC for equipment

FFRDC's administered by private universities and
colleges.
DOD funded

DOE funded

NASA fUNAEA ..o

All other funded ........cccoverveeieeeeecee e

CFC for structures

CFC for equipment

FFRDC's administered by other nonprofit institutions .

DOD funded

DOE funded

NASA funded

All Other agenCies .........ccwevrrererneieerneesienerinnens

Materials and supplies and overhead excluding
CFC.

NSF reported distribution of wages of R&D personnel
by industry.
Based on @ 1975 SPlit ...

Based on @ 1975 SPlit ....evveeeeeerieireeeees

NSF reported distribution of costs of materials and
supplies by industry.

NSF reported distribution of other costs by industry
less BEA estimate of depreciation.

Based on 1958 NSF reported distribution of
depreciation and on 1982 depreciation charges of
R&D auxiliaries from the Bureau of the Census
1982 Enterprise Statistics.

Derived from sample of individual schools: Based on
direct costs less materials and supplies.

Weight from NIH BRDPI

R&D expenditures less direct COSES ......covvvvvrrverrireinens

Expenditures for R&D structures

Expenditures for R&D capital equipment and
reclassification of research equipment from current
expense to investment.

Weight of expenditures based on R&D obligations to
individual FFRDC's from four agency categories.

Expenditures for R&D structures

Expenditures for R&D capital equipment and the
reclassification of research equipment from current
expense to investment.

Weight of expenditures based on R&D obligations to
FFRDC's administered by nonprofit institutions
divided into four agency categories.

Federal obligations for intramural R&D personnel
costs divided into four agency categories.

Expenditures excluding compensation of employees
and OMB budget based estimates of equipment.

127.39
93.25
38.32

24.43

13.89
16.73
33.25

4.94

4.21
1.86

73

1.28

17
A7

2.38
44
.75
82
13
15
.09

.59

47
A1
<.01
.02
2.90

13.33
4,94

2.38
2.55
6.06
411

.07

Sum of detail
Sum of detail
Sum of detail

Deflation: Proxy prices by industry—annual
professional income of engineers from the
Engineering Manpower Commission.

Deflation: Proxy prices by industry—indexes of
average hourly earnings of production workers.

Deflation: Proxy prices—PPI for industrial
commodities less fuel.

Deflation: Proxy prices—median weekly salaries of
managers and administrators.

Deflation: Proxy prices—a composite of IPD’s for
private purchases of new industrial nonresidential
structures and producers’ durable equipment.

Sum of detail

Deflation: Proxy prices by school (from a sample of
private universities and medical schools
representing 90 percent of R&D expenditures)—
fixed weighted price indexes for academic
personnel costs (salaries and fringe benefits) from
the NIH BRDPI.

Deflation: Proxy prices—fixed weighted price index
from academic nonpersonnel costs from the NIH
BRDPI.

Deflation: Proxy prices by school (from a sample of
private universities and medical schools
representing 90 percent of R&D expenditures)—
product of the price index of direct costs and an
index of the indirect cost rate.

Deflation: Proxy prices—NIPA IPD for educational
services structures.

Deflation: Proxy prices—NIPA IPD for educational
services equipment.

Sum of detail

Deflation: Proxy prices—NIPA IPD for DOD
purchases of R&D.

Deflation: Proxy prices—NIPA IPD for DOE
purchases of R&D.

Deflation: Proxy prices—NIPA IPD for NASA
purchases of R&D.

Deflation: Proxy prices—NIPA IPD for Federal other
nondefense purchases of R&D.

Deflation: Proxy prices—NIPA IPD for educational
services structures.

Deflation: Proxy prices—NIPA IPD for educational
services equipment.

Sum of detail

Deflation: Proxy prices—NIPA IPD for DOD
purchases of R&D price.

Deflation: Proxy prices—NIPA IPD for DOE
purchases of R&D.

Deflation: Proxy prices—NIPA IPD for NASA
purchases of R&D.

Deflation: Proxy prices—NIPA IPD for Federal other
purchases of R&D.

Deflation: Proxy prices—NIPA index for
noncommercial R&D.

Sum of detail

Sum of detail

Deflation: Proxy prices—NIPA IPD for Federal
defense compensation of civilian employees.
Deflation: Proxy prices—NIPA IPD for Federal
nondefense compensation of employees.
Sum of detail

Deflation: Proxy prices—NIPA IPD for Federal
installation support services.

Deflation: Proxy prices—NIPA IPD for Federal
weapons support services.
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gross and net stocks of fixed reproducible tangi-
ble capital. Thus, the estimates of fixed intangible
rR&D Capital are comparable with those of fixed
reproducible tangible capital.

With the perpetual inventory method, the gross
capital stock for a given period is obtained by
cumulating past investment and deducting the
cumulated value of investment that has been dis-
carded, using estimated average service lives and

retirement patterns.* The gross stock of fixed
capital is a measure of the cumulative value of
past investment still in existence. The net capital
stock is equal to the gross stock less the accu-
mulated depreciation on the assets in the gross
stock.

49. For a more complete description of the nipa perpetual inventory
method, see Bureau of Economic Analysis [9], page M-3.
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Table D.—Research and Development Expenditures by Performer: Sources and Methods for Constant-Dollar Estimates—

Continued
1987
Cost component Source data for cost component (billions Method and source data
of dollars)

All OthEr AGENCIES ....uvvuieeiirrieierineieiirissierineie | ettt 1.88 | Deflation: Proxy prices—NIPA IPD for Federal
nondefense services excluding compensation of
employees.

CFC fOr StrUCIUIES ..o Federal obligations for intramural R&D plant and .67 | Deflation: Proxy prices—NIPA IPD for Federal
judgment split between structures and large nondefense industrial building, less force account
equipment. construction.

CFC for equipmeNt ........cocvivevrererreinrniserenienine OMB budget detail on equipment, Federal obligations 1.68 | Deflation: Proxy prices—NIPA IPD for Federal
for intramural R&D plant, and judgment. nondefense durable goods.

SEALE NG OCAI ..ot | reee e .71 | Sum of detail

Compensation of employees, materials and R&D expenditures excluding expenditures on plant ... .61 | Deflation: Proxy prices—NIPA price index for

supplies, and overhead excluding CFC. noncommercial R&D.

CFC fOr SEIUCIUIES ..o State and local expenditures on R&D plant and .03 | Deflation: Proxy prices—NIPA IPD for State and local
judgmental split between structures and large structures new construction put-in-place, other
equipment. buildings.

CFC for equipment State and local expenditures on R&D plant and .07 | Deflation: Proxy prices—NIPA IPD for State and local
judgmental split between structures and large new equipment.
equipment.

Public universities and colleges 8.02 | Sum of detail

Compensation of employees Derived from sample of individual schools: Based on 4.18 | Deflation: Proxy prices by school (from a sample of

direct costs less materials and supplies. public universities and medical schools
representing 80 percent of R&D expenditures)—
Fixed weighted price indexes for academic
personnel costs (salaries and fringe benefits) from
the NIH BRDPI.

Materials and SUPPlIES ........ccvvervniierireienirrienienene Weight from NIH BRDPI .....c.ocoviriiireinireeniienene 1.40 | Deflation: Proxy prices—Fixed weighted price index

for academic nonpersonnel costs from the NIH
BRDPI.

Overhead excluding CFC ........ccccoouninirninirniinenis R&D expenditures less compensation of employees, 1.84 | Deflation: Proxy prices by school (from a sample of

materials and supplies, and research equipment. public universities and medical schools
representing 80 percent of R&D expenditures)—
Product of the price index of direct costs and an
index of the indirect cost rate.

CFC for structures Expenditures for R&D structures .30 | Deflation: Proxy prices—NIPA IPD for educational

services structures.

CFC for qUIPMENT ....cveveeeerreriereeieieie e Expenditures for R&D capital equipment and the .30 | Deflation: Proxy prices—NIPA educational services
reclassification of research equipment from current equipment IPD.
expense to investment.

FFRDC's administered by public universities and Weight of expenditures excluding CFC based on 1.99 | Sum of detail
colleges. R&D obligations to individual FFRDC's from four
agency categories.
DOD fUNAEA ..o eieisesissesssssinnins | evresseses s s s sttt ssens st st st s s ssessesnns .46 | Deflation: Proxy prices—NIPA IPD for DOD
purchases of R&D.

DOE fUNGEA ... | ettt 1.32 | Deflation: Proxy prices—NIPA IPD for DOE
purchases of R&D.

NASA TUNEA ..o eeecieieiensinnine | erreriee bbb bbbt <.01 | Deflation: Proxy prices—NIPA IPD for NASA
purchases of R&D.

14T Vo T O OO .03 | Deflation: Proxy prices—NIPA IPD for Federal other
nondefense purchases of R&D.

CFC fOr StrUCIUIES ..o Expenditures for R&D StrUCIUIES .......ccovvrcvvvireiniirns .09 | Deflation: Proxy prices—NIPA IPD for educational

services structures.

CFC for equipment Expenditures for R&D capital equipment and .09 | Deflation: Proxy prices—NIPA IPD for educational
reclassification of research equipment from current services equipment.
expense to investment.

BEA Bureau of Economic Analysis

BRDPI Biomedical research and development price index
CFC Consumption of fixed capital

DOD U.S. Department of Defense

DOE U.S. Department of Energy

FFRDC  Federally funded research and development center
IPD  Implicit price deflator

NASA  National Aeronautics and Space Administration
NIH National Institutes of Health
NIPA  National income and products accounts
NSF  National Science Foundation
OMB U.S. Office of Management and Budget
PPl Producer price index

R&D Research and development
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The perpetual inventory method used by Bea
is based on uniform service lives, straight-line
depreciation, and replacement cost. To adjust for
varying retirement patterns, discards (retirement
years) are based on a Winfrey S-3 distribution,
which is a bell-shaped distribution around the
expected service life of the r&p capital. Discards
of capital begin as early as 45 percent of, and end
as late as 155 percent of, the average lifespan.

In deciding how to apply its methodology to
R&D, BEA examined several alternative deprecia-
tion patterns and performed sensitivity studies.
Geometric depreciation is the pattern typically
used in r&p studies, and a rate of 11 percent per
year for r&p fixed capital is a plausible midpoint
of a range published by academic researchers.
(Some recent studies had estimates that ranged
from 9 to 13 percent per year and tended to con-
centrate near 11 percent.) Bea’s studies showed
that using a depreciation rate for r&p fixed capi-
tal of 12 percent yielded a real stock of r&p capital
for 1991 that was $65 billion lower (1987 dollars)
than a stock constructed using a rate of 11 per-
cent. Using a rate of 10 percent yielded a real
stock of r&p capital that was $74 billion higher.
Regardless of which rates are used, the general
patterns of r&p stock are similar over time.

Because Bea currently uses the straight-line
perpetual inventory method for fixed tangible
capital, an average service life for r&p capital
was chosen that yields a net stock comparable to
a net stock from a geometric depreciation rate
of 11 percent; an 18-year service life for straight-
line depreciation yields the closest match. The
gross and net stocks constructed in the ac-
count for 1959—92 are based on current- and
constant-dollar r&p investment for 1930—91.

As with the constant-dollar expenditure esti-
mates, constant-cost net and gross stocks are
expressed in 198y prices. Net and gross stocks
valued at replacement cost are constructed by
multiplying the constant-cost stocks by the
corresponding r&p implicit price deflator.
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Table 1.1.—Research and Development Expenditures, Investment, and Stock by Performer
[Millions of dollars]

1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
Research and development expenditures, total ..........oocmeerrinncrennns 5,288 5777 6,397 8,528 10,022 10,955 12,517 13,735 14,526 15,588
Basic research 451 500 561 680 783 899 1,037 1221 1,400 1,695
Applied research 1,260 1,364 1,486 1,866 2,360 2,682 2,848 2,966 3,009 3,611
Development 3577 3913 4,350 5,982 6,879 7374 8,632 9,548 10,117 10,282
Cumulative research and development expenditures * 35,802 41,579 47,976 56,504 66,526 77,481 89,998 103,733 118,259 133,847
Change in research and development inventories .. 1,501 392 432 1,871 1,203 576 1,179 859 413 669
Research and development fixed investment ..... 3,787 5,385 5,965 6,657 8,819 10,379 11,338 12,876 14,113 14,919
Consumption of research and development fixed intangible capital .. na. na. na. na. na. na. 5,030 5,742 6,551 7,410
Gross stock of research and development fixed intangible capital na. na. na. na. na. na. 92,983 106,334 120,864 136,026
Net stock of research and development fixed intangible capital na. na. na. na. na. na. 59,799 68,799 78,366 87,997
Private research and development expenditures 3,897 4,374 4,988 7,004 8,314 9,064 10,425 11,440 11,988 12,724
Basic research 253 287 334 425 485 557 648 768 870 1,056
Applied research 829 927 1,050 1,402 1,846 2,112 2,219 2,282 2,260 2,773
Development 2,815 3,160 3,604 5177 5,983 6,395 7,558 8,390 8,858 8,895
Cumulative research and development expenditures® ... 25,216 29,590 34,578 41,582 49,896 58,960 69,385 80,825 92,813 105,537
Change in research and development inventories . 1,082 416 506 1,846 1,095 517 1,004 699 268 406
Research and development fixed investment ..... 2,815 3,958 4,482 5,158 7,219 8,547 9421 10,741 11,720 12,318
Consumption of research and development fixed intangibleq capital .. na. na. na. na. na. na. 3,699 4317 4,992 5,722
Gross stock of research and development fixed intangible capital ...... na. na. n.a. na. na. na. 68,865 80,158 92,324 105,119
Net stock of research and development fixed intangible capital .......... na. na. na. na. na. na. 46,028 53,892 62,109 70,359
Government research and development expenditures ... 1,391 1,403 1,409 1524 1,708 1,891 2,092 2,295 2,538 2,864
Basic research 198 213 227 255 298 342 389 453 530 639
Applied research 431 437 436 464 514 570 629 684 749 838
Development 762 753 746 805 896 979 1,074 1,158 1,259 1,387
Cumulative research and development expenditures * 10,586 11,989 13,398 14,922 16,630 18,521 20,613 22,908 25,446 28,310
Change in research and development inventories . 419 24 74 25 108 59 175 160 145 263
Research and development fixed investment 972 1,427 1,483 1,499 1,600 1,832 1,917 2,135 2,393 2,601
Consumption of research and development fixed intangible capital .. na na na na n.a. na 1,331 1,425 1,559 1,688
Gross stock of research and development fixed intangible capital na na na na n.a. na 24,118 26,176 28,540 30,907
Net stock of research and development fixed intangible capital na na n.a. na na na 13,771 14,907 16,257 17,638

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
Research and development expenditures, total .........coveverrirnrcnernnns 17,449 19,078 20,343 22,299 23,653 25,133 26,490 26,765 27,476 29,305
Basic research 1,982 2,268 2,540 2,828 3,063 3,278 3410 3532 3,656 3,801
Applied research 3,783 4,105 4,333 4,710 4,925 5,236 5,555 5,882 6,027 6,326
Development 11,684 12,705 13,470 14,761 15,665 16,619 17,525 17,351 17,793 19,178
Cumulative research and development expenditures ® ..........ccooooveeeeeernnnn. 151,296 170,374 190,717 213,016 236,669 261,802 288,292 315,057 342,533 371,838
Change in research and development inventories .. 1,415 1,202 735 1,193 476 259 =31 -1,478 —887 268
Research and development fixed investment ..... 16,034 17,876 19,608 21,106 23,177 24,874 26,521 28,243 28,363 29,037
Consumption of research and development fixed intangible capital .. 8,342 9,350 10,464 11,820 13,274 15,022 16,942 19,196 21,453 23,675
Gross stock of research and development fixed intangible capital 152,580 171,095 192,332 216,550 244,542 276,646 312,883 353,303 392,592 435,533
Net stock of research and development fixed intangible capital 98,174 109,494 122,331 136,626 153,037 171,278 191,218 212,795 232,218 252,541
Private research and development expenditures 14,110 15,185 16,026 17,637 18,651 19,846 20,843 20,715 21,027 22,403
Basic research 1,192 1,318 1,458 1,605 1,716 1,802 1,808 1,810 1,827 1,883
Applied research 2,824 3,003 3,105 3,348 3,450 3677 3,850 4,045 4,093 4,226
Development 10,094 10,864 11,463 12,684 13,485 14,367 15,185 14,860 15,107 16,294
Cumulative research and development expenditures * .. 119,647 134,832 150,858 168,495 187,146 206,992 227,835 248,550 269,577 291,980
Change in research and development inventories . 1,026 800 447 998 302 320 =57 -1,309 —841 280
Research and development fixed investment ..... 13,084 14,385 15,579 16,639 18,349 19,526 20,900 22,024 21,868 22,123
Consumption of research and development fixed intangible capital ... 6,512 7,321 8,224 9,333 10,522 11,884 13,402 15,068 16,787 18,443
Gross stock of research and development fixed intangible capital 118,723 133,669 150,817 170,581 193,118 218,231 246,000 276,530 306,080 338,917
Net stock of research and development fixed intangible capital .......... 78,749 87,815 98,003 109,388 122,262 136,155 151,083 166,986 181,103 196,145
Government research and development expenditures .........cccoveeen. 3,339 3,893 4,317 4,662 5,002 5,287 5,647 6,050 6,449 6,902
Basic research 790 950 1,082 1,223 1,347 1,476 1,602 1,722 1,829 1,918
Applied research 959 1,102 1,228 1,362 1,475 1,559 1,705 1,837 1,934 2,100
Development 1,590 1,841 2,007 2,077 2,180 2,252 2,340 2,491 2,686 2,884
Cumulative research and development expenditures * ... 31,649 35,542 39,859 44,521 49,523 54,810 60,457 66,507 72,956 79,858
Change in research and development inventories . 389 402 288 195 174 -61 26 -169 -46 -12
Research and development fixed investment ..... 2,950 3,491 4,029 4,467 4,828 5,348 5,621 6,219 6,495 6,914
Consumption of research and development fixed intangible capital . 1,830 2,029 2,240 2,487 2,752 3,138 3,540 4,128 4,666 5,232
Gross stock of research and development fixed intangible capital 33,857 37,426 41,515 45,969 51,424 58,415 66,883 76,773 86,512 96,616
Net stock of research and development fixed intangible capital ... 19,425 21,679 24,328 27,238 30,775 35,123 40,135 45,809 51,115 56,396

See footnotes at end of table.
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Table 1.1.—Research and Development Expenditures, Investment, and Stock by Performer—Continued
[Millions of dollars]

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Research and development expenditures, total ............coocrmerrerneerins 31,731 34,268 36,794 40,617 44,512 49,882 57,211 65,185 74,486 82,854
Basic research 4,038 4,477 4,908 5324 5976 6,927 7,786 8,685 9,773 10,667
Applied research 6,920 7,611 8,368 9,327 10,034 11,026 12,595 14,305 17,057 19,009
Development 20,773 22,180 23518 25,966 28,502 31,929 36,830 42,195 47,656 53,178
Cumulative research and development expenditures * 403,569 437,837 474,631 515,248 559,760 609,642 666,853 732,038 806,524 889,378
Change in research and development inventories .. 353 -103 —845 1,420 1,429 1,913 3,008 3,104 4,081 3,864
Research and development fixed investment ..... 31,378 34,371 37,639 39,197 43,083 47,969 54,203 62,081 70,405 78,990
Consumption of research and development fixed intangible capital .. 26,283 29,479 33,337 36,422 39,458 43,398 48,084 53,182 58,630 63,516
Gross stock of research and development fixed intangible capital 486,919 550,106 613,511 668,449 731,197 809,843 897,483 992,890 1,085,968 1,171,988
Net stock of research and development fixed intangible capital 277,052 307,491 337,107 361,133 389,629 426,904 469,670 517,922 566,454 613,375
Private research and development expenditures 24,343 26,390 28,160 31,298 34,528 38,766 44,654 51,587 59,539 66,592
Basic research 2,014 2,237 2,442 2,658 2,998 3,483 3,865 4,333 4,941 5415
Applied research 4,581 5117 5,515 6,148 6,738 7,547 8,697 10,052 12,437 14,152
Development 17,748 19,036 20,203 22,492 24,792 27,736 32,092 37,202 42,161 47,025
Cumulative research and development expenditures® ..........cccc.ccoueevee. 316,323 342,713 370,873 402,171 436,699 475,465 520,119 571,706 631,245 697,837
Change in research and development inventories . 356 =75 —-826 1,333 1,429 1,552 2,630 3,157 3,991 3,636
Research and development fixed investment ..... 23,987 26,465 28,986 29,965 33,099 37,214 42,024 48,430 55,548 62,956
Consumption of research and development fixed intangible capital ..... 20,452 23,003 25,982 28,316 30,559 33,582 37,111 41,004 45,105 48,784
Gross stock of research and development fixed intangible capital 379,342 429,064 477,799 518,972 566,486 626,426 692,905 764,977 834,898 901,216
Net stock of research and development fixed intangible capital .......... 215,097 238,786 261,229 278,780 300,130 328,562 361,158 398,034 435,388 472,918
Government research and development expenditures ... 7,388 7,878 8,634 9,319 9,984 11,116 12,557 13,598 14,947 16,262
Basic research 2,024 2,240 2,466 2,666 2,978 3,444 3,921 4,352 4,832 5,252
Applied research 2,339 2,494 2,853 3,179 3,296 3,479 3,898 4,253 4,620 4,857
Development 3,025 3,144 3,315 3474 3,710 4,193 4,738 4,993 5,495 6,153
Cumulative research and development expenditures * 87,246 95,124 103,758 113,077 123,061 134,177 146,734 160,332 175,279 191,541
Change in research and development inventories . -3 -28 -19 87 0 361 378 -53 90 228
Research and development fixed investment ..... 7,391 7,906 8,653 9,232 9,984 10,755 12,179 13,651 14,857 16,034
Consumption of research and development fixed intangible capital .. 5,831 6,476 7,355 8,106 8,899 9,816 10,973 12,178 13525 14,732
Gross stock of research and development fixed intangible capital 107,577 121,042 135,712 149,477 164,711 183,417 204,578 227,913 251,070 70,772
Net stock of research and development fixed intangible capital 61,955 68,705 75,878 82,353 89,499 98,342 108,512 119,888 131,066 140,457

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Research and development expenditures, total ... 91,578 103,597 115,435 121,224 127,390 134,880 142,918 153,448 162,818 169,308
Basic research 11,789 13,059 14,309 16,695 18,064 18,914 21,673 24,671 28,346 29,308
Applied research 20,964 23,135 25,892 217,806 28,467 30,139 32,930 36,054 39,896 40,205
Development 58,825 67,403 75,234 76,723 80,859 85,827 88,315 92,723 94,576 99,795
Cumulative research and development expenditures ... 980,956 1,084,553 1,199,988 1,321,212 1,448,602 1,583,482 1,726,400 1,879,848 2,042,666 2,211,974
Change in research and development inventories .. 4,738 8,003 8,012 2,807 2,621 3,144 1,982 4,758 4,531 1,188
Research and development fixed investment 86,840 95,594 107,423 118,417 124,769 131,736 140,936 148,690 158,287 168,120
Consumption of research and development fixed intangible capital .. 68,121 72,905 77,769 82,459 87,923 94,144 101,838 109,645 117,121 125,169
Gross stock of research and development fixed intangible capital 1,255,274 1,340,428 1,425,140 1,514,514 1,616,123 1,737,364 1,871,842 2,004,242 2,134,514 2,246,959
Net stock of research and development fixed intangible capital 660,640 710,695 763,511 821,287 885,298 959,412 1,039,932 1,117,323 1,192,648 1,256,565
Private research and development expenditures 73,751 84,103 94,146 98,373 103,336 109,042 115,008 123,782 131,774 136,922
Basic research 5,989 6,736 7,414 9,123 9,843 10,061 12,042 14,254 17,104 17,287
Applied research 15,846 17,827 20,394 22,011 22,266 23,437 25,612 28,248 31,406 31,210
Development 51,916 59,540 66,338 67,239 71,227 75,544 77,444 81,280 83,264 88,425
Cumulative research and development expenditures * ... 771,588 855,691 949,837 1,048,210 1,151,546 1,260,588 1,375,686 1,499,468 1,631,242 1,768,164
Change in research and development inventories . 3,991 7,129 7,085 1,998 2,401 2,441 1,116 4,270 4,556 821
Research and development fixed investment ..... 69,760 76,974 87,061 96,375 100,935 106,601 113,982 119,512 127,218 136,101
Consumption of research and development fixed intangible capital ..... 52,434 56,299 60,183 63,956 68,295 73,270 79,674 85,954 91,807 98,526
Gross stock of research and development fixed intangible capital 967,669 1,035,392 1,102,947 1,174,007 1,254,372 1,353,273 1,462,947 1,567,734 1,671,934 1,768,322
Net stock of research and development fixed intangible capital .......... 512,151 553,474 597,223 644,858 696,825 758,293 824,677 886,238 946,631 1,001,329
Government research and development expenditures ... 17,827 19,494 21,289 22,851 24,054 25,838 27,820 29,666 31,044 32,386
Basic research 5,800 6,323 6,895 7572 8,221 8,853 9,631 10,417 11,242 12,021
Applied research 5118 5,308 5,498 5,795 6,201 6,702 7318 7,806 8,490 8,995
Development 6,909 7,863 8,896 9,484 9,632 10,283 10,871 11,443 11,312 11,370
Cumulative research and development expenditures  ..............cccooeeeees 209,368 228,862 250,151 273,002 297,056 322,894 350,714 380,380 411,424 443,810
Change in research and development inventories . 747 874 927 809 220 703 866 488 -25 367
Research and development fixed investment ..... 17,080 18,620 20,362 22,042 23,834 25,135 26,954 29,178 31,069 32,019
Consumption of research and development fixed intangible capital .. 15,687 16,606 17,586 18,503 19,628 20,874 22,164 23,691 25,314 26,643
Gross stock of research and development fixed intangible capital 287,605 305,036 322,193 340,507 361,751 384,091 408,895 436,508 462,580 478,637
Net stock of research and development fixed intangible capital ... 148,489 157,221 166,288 176,429 188,473 201,119 215,255 231,085 246,017 255,236

n.a. Not available.
1. Cumulative since 1929.
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Table 1.2.—Research and Development Expenditures, Investment, and Stock by Performer in Constant Dollars
[Millions of 1987 dollars]

1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
Research and development expenditures, total ..... 27,688 29,475 31,330 39,496 44,736 47,208 52,134 55,697 57,529 60,365

Cumulative research and development expenditures 79,521 109,151 140,936 180,290 224,436 271,343 322,596 377,505 434,346 493,498

Change in research and development inventories .. 27,688 29,475 31,330 39,494 33,781 47,208 4,926 55,697 47,150 15,629

Research and development fixed investment 19,815 27,688 29,475 31,330 39,496 44,736 47,208 52,134 55,697 57,529

Consumption of research and development fixed intangible capital .. na. na. na. na. na. na. 21,448 23,744 26,250 28,858

Gross stock of research and development fixed intangible capital na. na. na. na. na. na. 390,712 432,582 477,102 522,415

Net stock of research and development fixed intangible capital .... na. na. na. na. na. na. 249,314 271,674 307,086 335,754

Private research and development expenditures 18,456 20,398 22,708 30,732 35,382 37,553 41,598 44,373 45,517 47,140
Cumulative research and development expenditu 48,970 69,368 92,076 122,808 158,190 195,743 237,341 281,714 327,231 374,371
Change in research and development inventories . 63,192 20,041 33,663 31,306 26,318 37,553 4,045 44,373 36,970 11,758
Research and development fixed investment ..... 13,361 18,456 20,398 22,708 30,732 35,382 37,553 41,598 44,373 45517
Consumption of research and development fixed intangible capital ... na. na. na. na. na. na. 14,760 16,725 18,862 21,079
Gross stock of research and development fixed intangible capital na. na. na. na. na. na. 270,720 306,128 343,739 381,931
Net stock of research and development fixed intangible capital .......... na. na. na. na. na. na. 180,799 205,661 231,119 255,580

Government research and development expenditures . 9,232 9,077 8,622 8,764 9,354 9,655 10,536 11,324 12,012 13,225
Cumulative research and development expenditures * ... 30,551 39,783 48,860 57,482 66,246 75,600 85,255 95,791 107,115 119,127
Change in research and development inventories . —35,504 9,434 -2,333 8,188 7,463 9,655 881 11,324 10,180 3,871
Research and development fixed investment ..... 6,454 9,232 9,077 8,622 8,764 9,354 9,655 10,536 11,324 12,012
Consumption of research and development fixed intangible capital ... na. na. na. na. na. na. 6,688 7,019 7,388 7,779
Gross stock of research and development fixed intangible capital na. na. na. na. na. na. 119,992 126,454 133,363 140,484
Net stock of research and development fixed intangible capital .......... na. na. na. na. na. na. 68,515 72,013 75,967 80,174

Addenda:

Average age, in years, of R&D gross fixed intangible capital .................. na. na. na. na. na. na. 6.6 6.5 6.5 6.5
Private na. na. na. na. na. na. 6.0 59 59 6.0
Government na. na. na. na na. na. 79 79 8.0 8.0

Government and business net fixed reproducible tangible capital? ......... 3,702,100 3,845,700 4,007,200 4,155,900 4,299,300 4,430,200 4,593,500 4,749,000 4,905,900 5,079,800

1963 1964 1965 1966 1967 1968 1969 1970 1971 1972
Research and development expenditures ............... 65,886 70,504 73,327 77,442 79,113 79,854 79,733 75,668 73,344 73,970

Cumulative research and development expenditure: 559,384 629,888 703,215 780,657 859,770 939,624 1,019,357 1,095,025 1,168,369 1,242,339

Change in research and development inventories .. 66,243 59,549 72,751 75,551 79,113 70,199 79,733 73,836 63,990 74,094

Research and development fixed investment 60,365 65,886 70,504 73,327 77,442 79,113 79,854 79,733 75,668 73,344

Consumption of research and development fixed intangible capital .. 31,547 34,423 37,527 40,765 44,085 47,461 50,800 54,020 56,941 59,493

Gross stock of research and development fixed intangible capital 569,675 621,255 676,436 732,803 791,295 850,214 908,392 964,142 1,013,144 1,057,120

Net stock of research and development fixed intangible capital .... 364,615 396,042 429,103 461,585 494,897 526,509 555,591 581,351 600,037 613,820

Private research and development expenditures 50,916 53,811 55,441 58,774 59,774 60,737 60,529 56,987 54,794 55,451
Cumulative research and development expenditures * 425,287 479,098 534,539 593,313 653,087 713,824 774,353 831,340 886,134 941,585
Change in research and development inventories . 51,149 44,747 54,924 65,371 59,774 85,909 60,529 63,205 78,471 55,365
Research and development fixed investment ..... 47,140 50,916 53,811 55,441 58,774 59,774 60,737 60,529 56,987 54,794
Consumption of research and development fixed intangible capital ..... 23,341 25,717 28,233 30,817 33,459 36,132 38,758 41,278 43,534 45,465
Gross stock of research and development fixed intangible capital 421,181 463,341 507,677 552,534 599,413 645,964 691,943 735,650 773,498 806,818
Net stock of research and development fixed intangible capital .......... 279,419 304,570 330,207 354,769 380,066 403,700 425,706 445,013 458,443 467,717

Government research and development expenditures . 14,970 16,693 17,886 18,668 19,339 19,117 19,204 18,681 18,550 18,519
Cumulative research and development expenditures * ... 134,097 150,790 168,676 187,344 206,683 225,800 245,004 263,685 282,235 300,754
Change in research and development inventories . 15,094 14,802 17,827 10,180 19,339 -15,710 19,204 10,631 -14,481 18,729
Research and development fixed investment ..... 13,225 14,970 16,693 17,886 18,668 19,339 19,117 19,204 18,681 18,550
Consumption of research and development fixed intangible capital ..... 8,206 8,706 9,294 9,948 10,626 11,329 12,042 12,742 13,407 14,028
Gross stock of research and development fixed intangible capital 148,494 157,914 168,759 180,269 191,882 204,250 216,449 228,492 239,646 250,302
Net stock of research and development fixed intangible capital .......... 85,196 91,472 98,896 106,816 114,831 122,809 129,885 136,338 141,594 146,103

Addenda:

Average age, in years, of R&D gross fixed intangible capital ... 6.5 6.6 6.6 6.7 6.8 6.9 7.0 72 74 7.6
Private 6.0 6.1 6.3 6.4 6.5 6.7 6.9 71 7.3 76
Government 79 78 17 76 74 74 74 74 75 76

Government and business net fixed reproducible tangible capital? ......... 5,271,700 5,478,000 5,720,200 5,978,100 6,217,200 6,478,400 6,736,100 6,957,700 7,187,800 7,434,400

See footnotes at end of table.
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Table 1.2.—Research and Development Expenditures, Investment, and Stock by Performer in Constant Dollars—Continued
[Millions of 1987 dollars]

1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Research and development expenditures ........

74,7173 74,530 72,922 75,476 77,932 81,067 85,503 89,660 94,747 99,312
Cumulative research and development expenditures

1,317,112 1,391,642 1,464,564 1,540,040 1,617,972 1,699,039 1,784,542 1,874,202 1,968,949 2,068,261

Change in research and development inventories .. 72,882 74,471 64,434 75,476 43,105 81,067 77,453 56,629 94,957 90,824
Research and development fixed investment 73,970 74,773 74,530 72,922 75,476 77,932 81,067 85,503 89,660 94,747
Consumption of research and development fixed intangible capital .. 61,804 63,954 65,915 67,602 69,092 70,514 71,888 73,286 74,758 76,345
Gross stock of research and development fixed intangible capital 1,098,707 1,137,821 1,173,343 1,203,353 1,232,252 1,259,927 1,286,892 1,314,738 1,343,574 1,374,495
Net stock of research and development fixed intangible capital .... 626,039 636,843 645,486 650,799 657,202 664,625 673,792 686,000 700,876 719,288
Private research and development expenditures 56,262 56,084 54,516 56,896 59,352 61,864 65,704 69,938 74,906 79,189

Cumulative research and development expenditu 997,847 1,053,931 1,108,447 1,165,343 1,224,695 1,286,559 1,352,263 1,422,201 1,497,107 1,576,296

Change in research and development inventories . 62,859 56,463 46,604 56,896 27,251 61,864 58,151 39,258 75,093 71,277
Research and development fixed investment ..... 55,451 56,262 56,084 54,516 56,896 59,352 61,864 65,704 69,938 74,906
Consumption of research and development fixed intangible capital ... 47,190 48,787 50,233 51,454 52,521 53,560 54,581 55,636 56,796 58,112
Gross stock of research and development fixed intangible capital 838,230 867,638 894,101 915,897 937,072 957,757 977,862 999,069 1,022,102 1,047,870
Net stock of research and development fixed intangible capital .......... 476,027 483,483 489,358 492,428 496,810 502,612 509,876 519,950 533,057 549,858

Government research and development expenditures . 18,511 18,446 18,406 18,580 18,580 19,203 19,799 19,722 19,841 20,123
Cumulative research and development expenditures * ... 319,265 337,711 356,117 374,697 393,277 412,480 432,279 452,001 471,842 491,965
Change in research and development inventories . 10,023 18,008 17,830 18,580 15,854 19,203 19,302 17,371 19,864 19,547
Research and development fixed investment ..... 18,519 18,511 18,446 18,406 18,580 18,580 19,203 19,799 19,722 19,841
Consumption of research and development fixed intangible capital ..... 14,614 15,167 15,682 16,148 16,571 16,954 17,307 17,650 17,962 18,233
Gross stock of research and development fixed intangible capital 260,477 270,183 279,242 287,456 295,180 302,170 309,030 315,669 321,472 326,625
Net stock of research and development fixed intangible capital .......... 150,012 153,360 156,128 158,371 160,392 162,013 163,916 166,050 167,819 169,430

Addenda:

Average age, in years, of R&D gross fixed intangible capital ................. 78 8.0 83 85 86 8.8 89 89 9.0 9.0
Private 7.8 81 8.3 85 8.7 88 8.9 9.0 9.0 89
Government 7.8 79 8.1 83 84 86 8.7 88 8.9 9.0

Government and business net fixed reproducible tangible capital? ......... 7,715,000 7,944,800 8,099,500 8,277,200 8,511,100 8,791,700 9,088,600 9,320,700 9,532,000 9,665,800

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Research and development expenditures ............... 104,707 113,433 121,871 124,769 127,390 130,427 132,253 136,493 140,435 141,410

Cumulative research and development expenditure: 2,172,968 2,286,401 2,408,272 2,533,041 2,660,431 2,790,858 2,923,111 3,059,604 3,200,039 3,341,449

Change in research and development inventories .. 104,269 112,857 121,871 122,043 127,390 129,930 129,902 136,516 139,859 141,331
Research and development fixed investment 99,312 104,707 113,433 121,871 124,769 127,390 130,427 132,253 136,493 140,435
Consumption of research and development fixed intangible capital .. 78,080 80,004 82,266 84,962 87,923 90,991 94,179 97,463 100,868 104,450
Gross stock of research and development fixed intangible capital 1,407,407 1,443,719 1,486,946 1,536,885 1,588,302 1,641,320 1,696,480 1,752,683 1,812,302 1,874,989
Net stock of research and development fixed intangible capital .... 740,530 765,220 796,389 833,320 870,166 906,578 942,794 977,584 1,013,185 1,049,195
Private research and development expenditures 83,704 91,444 98,881 100,935 103,336 105,700 106,732 110,545 114,508 115,186

Cumulative research and development expenditures * 1,660,000 1,751,444 1,850,325 1,951,260 2,054,596 2,160,296 2,267,028 2,377,573 2,492,081 2,607,267

Change in research and development inventories . 83,345 90,868 98,881 98,209 103,336 105,203 104,381 110,568 113,932 115,107
Research and development fixed investment ..... 79,189 83,704 91,444 98,881 100,935 103,336 105,700 106,732 110,545 114,508
Consumption of research and development fixed intangible capital ..... 59,603 61,283 63,275 65,668 68,295 71,016 73,845 76,736 79,720 82,877
Gross stock of research and development fixed intangible capital 1,076,064 1,107,406 1,145,278 1,189,429 1,234,684 1,281,684 1,330,414 1,379,599 1,431,891 1,487,428
Net stock of research and development fixed intangible capital .......... 569,459 591,878 620,050 653,290 685,930 718,264 750,086 780,075 810,869 842,526

Government research and development expenditures . 21,003 21,989 22,990 23,834 24,054 24,727 25,521 25,948 25,927 26,224
Cumulative research and development expenditures * ... 512,968 534,957 557,947 581,781 605,835 630,562 656,083 682,031 707,958 734,182
Change in research and development inventories . 20,924 21,989 22,990 23,834 24,054 24,727 25,521 25,948 25,927 26,224
Research and development fixed investment ..... 20,123 21,003 21,989 22,990 23,834 24,054 24,727 25,521 25,948 25,927
Consumption of research and development fixed intangible capital ..... 18,477 18,721 18,991 19,294 19,628 19,975 20,334 20,727 21,148 21,573
Gross stock of research and development fixed intangible capital 331,343 336,313 341,668 347,456 353,618 359,636 366,066 373,084 380,411 387,561
Net stock of research and development fixed intangible capital .......... 171,071 173,342 176,339 180,030 184,236 188,314 192,708 197,509 202,316 206,669

Addenda:

Average age, in years, of R&D gross fixed intangible capital ... 8.9 8.9 8.8 8.6 85 84 84 83 8.2 8.2
Private 8.9 8.8 8.7 85 84 83 8.2 81 8.1 81
Government 9.1 9.1 9.1 9.1 9.1 9.0 9.0 8.9 8.8 88

Government and business net fixed reproducible tangible capital? ......... 9,833,800 10,088,700 10,381,100 10,666,800 10,937,900 11,203,700 11,462,000 11,696,700 11,856,200 12,019,600

n.a. Not available.
1. Cumulative since 1929.
2. Business fixed reproducible tangible capital includes capital owned by nonprofit institutions.
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Table 2.1.—Research and Development Expenditures by Performer, Showing Source of Funds
[Millions of dollars]
1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Research and development expenditures, total ..........cooeeveern. 13,735 20,343 26,765 36,794 65,185 115,435 127,390 134,880 142,918 153,448 162,818 169,308
Private 11,440 16,026 20,715 28,160 51,587 94,146 103,336 109,042 115,098 123,782 131,774 136,922
By industry 10,606 13,883 17,858 24,124 44,507 83,663 90,898 95,590 100,679 108,246 115,328 119,508
From industry * 4,465 6,473 10,425 15,975 31,293 57,839 62,033 67,322 74,293 82,444 91,321 97,296
From Federal Government 6,137 7,406 7,420 8,114 13,155 25,748 28,766 28,153 26,273 25,690 23,898 22,105
From State and local governments 4 4 13 35 59 76 99 115 113 112 109 107
By FFRDC's administered by industry na. 373 473 727 1,277 1,863 2,351 2,538 2,632 2,764 2,722 2,746
From Federal Government na. 373 473 727 1,277 1,863 2,351 2,538 2,632 2,764 2,722 2,746
By private universities and colleges 335 674 987 1,333 2,296 3,398 4212 4,639 5,044 5,440 5773 6,169
From industry 16 17 27 47 102 230 303 335 370 400 424 453
From Federal Government 261 558 788 1,030 1,803 2,537 3,093 3,383 3,635 3,882 4,083 4,386
From State and local governments 7 11 24 35 46 73 100 115 128 137 141 136
From private universities and COEGES ..........owwwwurrerrerreernereernsiriis 17 37 63 83 173 297 374 414 464 523 591 631
From other 2 34 51 85 138 172 261 342 392 447 498 534 563
By FFRDC's administered by private universities and colleges® ............. 208 375 462 662 1,380 1,936 2,383 2,585 2,683 2,750 2,849 2,844
From Federal Government 206 375 459 658 1377 1,919 2,370 2,572 2,672 2,739 2,834 2,827
From other 2 0 3 4 3 17 13 13 11 11 15 17
By FFRDC's administered by private nonprofit institutions ...................... 68 202 261 241 476 707 590 567 584 652 740 821
From Federal Government 67 200 248 224 443 657 549 527 543 607 688 764
From other 1 2 13 17 33 50 41 40 41 45 52 57
By other nonprofit institutions 4 223 519 674 1,073 1,651 2,579 2,902 3,123 3,476 3,930 4,362 4,834
From industry 48 62 92 123 198 356 467 517 587 655 77 752
From Federal Government 107 335 421 687 1,062 1,569 1,624 1,681 1,849 2,133 2,403 2,752
From State and local governments 2 2 4 14 17 19 35 43 39 35 35 35
From other 66 120 157 249 374 635 776 882 1,001 1,107 1,207 1,295
Government 2,295 4317 6,050 8,634 13,598 21,289 24,054 25,838 27,820 29,666 31,044 32,386
By Federal Government® 1,746 3,149 4,170 5,616 8,098 12,513 13,334 14,005 14,818 15,542 15,856 16,340
By State and local governments (excluding universities and colleges) ... 54 87 176 297 446 613 710 816 866 909 946 991
From Federal Government 26 38 82 131 157 175 140 192 234 245 255 267
From State and local governments 26 47 90 156 274 426 557 611 615 646 672 704
From other 2 2 4 10 15 12 13 13 17 18 19 20
By State and local universities and COllEGES .........c.mrrverrererrmrmeriieereenns 335 834 1411 2,287 4,076 6,432 8,020 8,937 9,973 10,958 11,886 12,740
From industry 23 23 37 73 157 372 507 570 663 752 811 874
From Federal Government 167 545 893 1,405 2,475 3,517 4,242 4,752 5,230 5,666 6,129 6,707
From State and local governments 79 131 205 313 466 718 931 1,015 1,122 1,234 1,336 1,360
From State and local universities and COllEgeS .........cc.rmurveermrrrerrienees 47 91 191 356 729 1,385 1,827 2,019 2,301 2,577 2,807 2,928
From other 2 19 44 85 140 249 440 513 581 657 729 803 871
By FFRDC's administered by governments ............oocccreerereesnreenns 160 247 293 434 978 1,731 1,990 2,080 2,163 2,257 2,356 2,315
From Federal Government 160 247 293 432 967 1,706 1,971 2,059 2,135 2,226 2,325 2,285
From other 0 0 0 2 11 25 19 21 28 31 31 30

n.a. Not separately available, included in industry.

1. Includes funds from nonprofit institutions and from the rest of the world.

2. Includes funds from nonprofit institutions.

3. Includes FFRDC's administered by consortia of public and private universities and colleges.

4. Nonprofit institutions are divided into four subgroups: Private universities and colleges, FFRDC's administered
by universities and colleges, FFRDC's administered by nonprofit institutions, and other nonprofit institutions.

5. Includes R&D performed at Federal universities and colleges.

NoTE.—This table shows R&D expenditures and the breakdown of expenditures by private organizations and gov-
ernment organizations. Within the “private” and “government” categories, lines preceded by the word “by” are “per-
formers.” Within “performer” categories, lines preceded by the word “from” are “sources.”

FFRDC Federally funded research and development center



66 o November 1994

SURVEY OF CURRENT BUSINESS

Table 2.2.—Domestically Funded Research and Development Expenditures by Source of Funds, Showing Performer

[Millions of dollars]

1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Domestically funded research and development expenditures,

total 13,788 20,375 26,813 38,312 68,658 119,316 132,922 141,607 150,382 161,659 172,314 179,573
Private expenditures * 4,693 6,831 10,991 18,315 36,045 64,184 70,627 77,395 85,393 94,940 105,672 112,840
From industry 4552 6,575 10,581 17,672 35,015 62,447 68,536 75,039 82,727 91,978 102,420 109,356
To industry 4,465 6,473 10,425 15,975 31,293 57,839 62,033 67,322 74,293 82,444 91,321 97,296
To State and local universities and colleges 23 23 37 73 157 372 507 570 663 752 811 874
To private universities and colleges 16 17 27 47 102 230 303 335 370 400 424 453
To other private nonprofit iNSHEUIONS 2 ...........euerrveeersrsreereeeesseeeeneees 48 62 92 123 198 356 467 517 587 655 717 752
To foreign affiliates na. na. na. 1,454 3,265 3,650 5,226 6,295 6,814 7,727 9,147 9,981
From private universities and colleges 17 37 63 83 173 297 374 414 464 523 591 631
To private universities and colleges 17 37 63 83 173 297 374 414 464 523 591 631
From other 124 219 347 560 857 1,440 1,717 1,942 2,202 2,439 2,661 2,853
To State and local universities and colleges 19 44 85 140 249 440 513 581 657 729 803 871
To private universities and colleges 34 51 85 138 172 261 342 392 447 498 534 563
To other private nonprofit iNSHULONS .............ervermerrererrerrirririerries 66 120 157 249 374 635 776 882 1,001 1,107 1,207 1,295
To State and local governments 2 2 4 10 15 12 13 13 17 18 19 20
To FFRDC's 3 2 16 23 47 92 73 74 80 87 98 104
Government expenditures 9,095 13544 15,822 19,997 32,613 55,132 62,295 64,212 64,989 66,719 66,642 66,733
From Federal 8,930 13,258 15,295 19,088 31,022 52,435 58,746 60,294 60,671 61,978 61,542 61,463
To industry 6,137 7,406 7,420 8,114 13,155 25,748 28,766 28,153 26,273 25,690 23,898 22,105
To Federal Government 1,746 3,149 4,170 5,616 8,098 12,513 13,334 14,005 14,818 15,542 15,856 16,340
To State and local governments 26 38 82 131 157 175 140 192 234 245 255 267
To State and local universities and colleges 167 545 893 1,405 2,475 3517 4242 4,752 5,230 5,666 6,129 6,707
To private universities and colleges 261 558 788 1,030 1,803 2,537 3,093 3,383 3,635 3,882 4,083 4,386
To FFRDC's 433 1,195 1473 2,041 4,064 6,145 7,241 7,696 7,982 8,336 8,569 8,622
To other private nonprofit iNSHUHONS ........c...euervermerrererrerrirerisenris 107 335 421 687 1,062 1,569 1,624 1,681 1,849 2,133 2,403 2,752
To foreign 53 32 48 64 208 231 306 432 650 484 349 284
From State and local ® 165 286 527 909 1,591 2,697 3549 3918 4318 4,741 5,100 5,270
To industry 4 4 13 35 59 76 99 115 113 112 109 107
To State and local governments 26 47 90 156 274 426 557 611 615 646 672 704
To State and local universities and colleges 126 222 396 669 1,195 2,103 2,758 3,034 3423 3811 4,143 4,288
To private universities and colleges 7 11 24 35 46 73 100 115 128 137 141 136
To other private nonprofit iNSHULIONS .............ervermervererrerrienriienris 2 2 4 14 17 19 35 43 39 35 35 35

Addenda:
Total domestic performers 13,735 20,343 26,765 36,794 65,185 115,435 127,390 134,880 142,918 153,448 162,818 169,308
Total foreign performers 53 32 48 1,518 3473 : , 727 E } 9,496 10,265
Final expenditures 9,183 13,768 16,184 20,576 33435 56,638 64,080 66,136 67,005 69,197 69,545 69,933
Intermediate expenditures 4552 6,575 10,581 16,218 31,750 58,797 63,310 68,744 75913 84,251 93,273 99,375
Gross domestic product 513,400 702,700 | 1,010,700 | 1,585,900 | 2,708,000 | 4,038,700 | 4,539,900 | 4,900,400 | 5,250,800 | 5,546,100 [ 5,724,800 | 6,020,200
Final expenditures as a percent of gross domestic product .......... 179 1.96 1.60 130 123 1.40 141 1.35 128 125 121 1.16
Intermediate expenditures as a percent of gross domestic product .. 0.89 0.94 1.05 1.02 117 1.46 1.39 1.40 1.45 152 163 1.65

n.a. Not available.
1. Includes funds from the rest of world.

2. Nonprofit institutions are divided into four subgroups: Private universities and colleges, FFRDC's administered

by universities and colleges, FFRDC's administered by nonprofit institutions, and other nonprofit institutions.

3. Includes State and local universities and colleges.

NoTE.—This table shows R&D expenditures and the breakdown of expenditures by private organizations and gov-
ernment organizations. Within the “private” and “government” categories, lines preceded by the word “from” are
“sources.” Within “source” categories, lines preceded by the word “to” are “performers.”
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Table 2.3.—Research and Development Expenditures by Type, Showing Performer
[Millions of dollars]
1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Research and development expenditures, total ..........cooeeveern. 13,735 20,343 26,765 36,794 65,185 115,435 127,390 134,880 142,918 153,448 162,818 169,308
Private 11,440 16,026 20,715 28,160 51,587 94,146 103,336 109,042 115,098 123,782 131,774 136,922
Industry 10,606 13,883 17,858 24,124 44,507 83,663 90,898 95,590 100,679 108,246 115,328 119,508
Private universities and colleges 335 674 987 1,333 2,296 3,398 4212 4,639 5,044 5,440 5773 6,169
FFRDC's not administered by gOVEMMENLS ...........ccccrreerereermrreernrenenns 276 950 1,196 1,630 3133 4,506 5324 5,690 5,899 6,166 6,311 6,411
Other nonprofit institutions * 223 519 674 1,073 1,651 2,579 2,902 3,123 3,476 3,930 4,362 4,834
Government 2,295 4317 6,050 8,634 13,598 21,289 24,054 25,838 27,820 29,666 31,044 32,386
Federal Government 1,746 3,149 4,170 5,616 8,098 12,513 13,334 14,005 14,818 15,542 15,856 16,340
State and local governments (excluding universities and colleges) 54 87 176 297 446 613 710 816 866 909 946 991
State and local universities and colleges 335 834 1411 2,287 4,076 6,432 8,020 8,937 9,973 10,958 11,886 12,740
FFRDC's administered by governments .. 160 247 293 434 978 1,731 1,990 2,080 2,163 2,257 2,356 2,315
Basic research 1,221 2,540 3,532 4,908 8,685 14,309 18,064 18,914 21,673 24,671 28,346 29,308
Private 768 1,458 1,810 2,442 4,333 7414 9,843 10,061 12,042 14,254 17,104 17,287
Industry 380 565 574 698 1,244 2,771 4,231 3,922 5,346 6,928 9,290 9,000
Private universities and colleges 255 577 840 1,001 1,723 2,589 3,147 3,198 3,444 3712 3,952 4212
FFRDC's not administered by gOVEMMMENLS ..........ccccerreerrreerienrines 57 160 209 359 828 1,098 1,319 1,644 1,777 1,948 2,013 2,025
Other nonprofit institutions 76 156 187 294 538 950 1,146 1,297 1,475 1,666 1,849 2,050
Government 453 1,082 1,722 2,466 4,352 6,895 8,221 8,853 9,631 10,417 11,242 12,021
Federal Government 193 386 568 757 1,232 1,860 2,021 2,081 2,238 2,386 2,491 2,600
State and local governments 14 30 44 73 89 93 88 96 110 119 127 137
State and local universities and colleges 202 581 1,003 1,442 2,535 4,089 5,142 5,644 6,203 6,772 7,395 8,077
FFRDC's administered by governments .. 44 85 107 194 496 853 970 1,032 1,080 1,140 1,229 1,207
Applied research 2,966 4,333 5,882 8,368 14,305 25,892 28,467 30,139 32,930 36,054 39,896 40,205
Private 2,282 3,105 4,045 5,515 10,052 20,394 22,266 23,437 25,612 28,248 31,406 31,210
Industry 2,048 2,626 3,380 4,555 8,419 17,903 19,344 20,337 22,233 24,589 27,562 27,005
Private universities and colleges 67 79 117 207 435 623 823 1,117 1,249 1,343 1,427 1,543
FFRDC's not administered by gOVEMMMENLS ..........cc.cmerreermrreericnris 83 205 287 328 592 1,029 1,085 852 894 917 864 941
Other nonprofit institutions 84 195 261 425 606 839 1,014 1,131 1,236 1,399 1,553 1,721
Government 684 1,228 1,837 2,853 4,253 5,498 6,201 6,702 7,318 7,806 8,490 8,995
Federal Government 491 903 1,339 1,885 2,646 3,022 3,238 3,339 3514 3,658 4,064 4,392
State and local governments 27 38 86 156 259 396 491 558 583 609 631 657
State and local universities and colleges 112 207 326 723 1,170 1,804 2,224 2,553 2,943 3,254 3,520 3,676
FFRDC's administered by governments .. 54 80 86 89 178 276 248 252 278 285 275 270
Development 9,548 13,470 17,351 23518 42,195 75,234 80,859 85,827 88,315 92,723 94,576 99,795
Private 8,390 11,463 14,860 20,203 37,202 66,338 71,227 75,544 77,444 81,280 83,264 88,425
Industry 8,178 10,692 13,904 18,871 34,844 62,983 67,323 71,331 73,100 76,729 78,476 83,503
Private universities and colleges 13 18 30 35 138 186 242 324 351 385 394 414
FFRDC's not administered by gOVEMMENLS ..........cc.cerreermrreerirnriin 136 585 700 943 1,713 2,379 2,920 3,194 3,228 3,301 3,434 3,445
Other nonprofit institutions 63 168 226 354 507 790 742 695 765 865 960 1,063
Government 1,158 2,007 2,491 3,315 4,993 8,896 9,632 10,283 10,871 11,443 11,312 11,370
Federal Government 1,062 1,860 2,263 2,974 4,220 7,631 8,075 8,585 9,066 9,498 9,301 9,348
State and local governments 13 19 46 68 98 124 131 162 173 181 188 197
State and local universities and colleges 21 46 82 122 371 539 654 740 827 932 971 987
FFRDC's administered by governments .. 62 82 100 151 304 602 772 796 805 832 852 838

1. Nonprofit institutions are divided into four subgroups: Private universities and colleges, FFRDC's administered
by universities and colleges, FFRDC's administered by nonprofit institutions, and other nonprofit institutions.
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Table 2.4.—Research and Development Expenditures by Performer, Showing Type

[Millions of dollars]

1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Research and development expenditures, total ... 13,735 20,343 26,765 36,794 65,185 115,435 127,390 134,880 142,918 153,448 162,818 169,308
Basic research 1,221 2,540 3532 4,908 8,685 14,309 18,064 18,914 21,673 24,671 28,346 29,308
Applied research 2,966 4,333 5,882 8,368 14,305 25,892 28,467 30,139 32,930 36,054 39,896 40,205
Development 9,548 13,470 17,351 23518 42,195 75,234 80,859 85,827 88,315 92,723 94,576 99,795
Private 11,440 16,026 20,715 28,160 51,587 94,146 103,336 109,042 115,098 123,782 131,774 136,922
Basic research 768 1,458 1,810 2,442 4333 7414 9,843 10,061 12,042 14,254 17,104 17,287
Applied research 2,282 3,105 4,045 5,515 10,052 20,394 22,266 23437 25,612 28,248 31,406 31,210
Development 8,390 11,463 14,860 20,203 37,202 66,338 71,227 75,544 77,444 81,280 83,264 88,425
Industry 10,606 13,883 17,858 24,124 44,507 83,663 90,898 95,590 100,679 108,246 115,328 119,508
Basic research 380 565 574 698 1,244 2,117 4231 3922 5,346 6,928 9,290 ,000
Applied research 2,048 2,626 3,380 4555 8,419 17,903 19,344 20,337 22,233 24,589 27,562 27,005
Development 8,178 10,692 13,904 18,871 34,844 62,983 67,323 71,331 73,100 76,729 78,476 83,503
Private universities and colleges 335 674 987 1,333 2,296 3,398 4212 4,639 5,044 5,440 5773 6,169
Basic research 255 577 840 1,091 1,723 2,589 3147 3,198 3444 3712 3,952 4212
Applied research 67 79 117 207 435 623 823 1,117 1,249 1,343 1,427 1,543
Development 13 18 30 35 138 186 242 324 351 385 394 414
FFRDC's not administered by gOVEMMMENLS ..........cc.ceereermrreerienrines 276 950 1,196 1,630 3133 4,506 5324 5,690 5,899 6,166 6,311 6,411
Basic research 57 160 209 359 828 1,098 1,319 1,644 1,777 1,948 2,013 2,025
Applied research 83 205 287 328 592 1,029 1,085 852 894 917 864 941
Development 136 585 700 943 1,713 2,379 2,920 3,194 3,228 3,301 3434 3445
Other nonprofit institutions * 223 519 674 1,073 1,651 2579 2,902 3123 3476 3,930 4,362 4,834
Basic research 76 156 187 294 538 950 1,146 1,297 1,475 1,666 1,849 2,050
Applied research 84 195 261 425 606 839 1,014 1,131 1,236 1,399 1,553 1,721
Development 63 168 226 354 507 790 742 695 765 865 960 1,063
Government 2,295 4317 6,050 8,634 13,598 21,289 24,054 25,838 27,820 29,666 31,044 32,386
Basic research 453 1,082 1,722 2,466 4352 6,895 8,221 8,853 9,631 10,417 11,242 12,021
Applied research 684 1,228 1,837 2,853 4,253 5,498 6,201 6,702 7,318 7,806 8,490 8,995
Development 1,158 2,007 2,491 3,315 4,993 8,896 9,632 10,283 10,871 11,443 11,312 11,370
Federal Government 1,746 3,149 4,170 5,616 8,098 12,513 13,334 14,005 14,818 15,542 15,856 16,340
Basic research 193 386 568 757 1,232 1,860 2,021 2,081 2,238 2,386 2,491 2,600
Applied research 491 903 1,339 1,885 2,646 3,022 3,238 3,339 3514 3,658 4,064 4392
Development 1,062 1,860 2,263 2,974 4,220 7,631 8,075 8,585 9,066 9,498 9,301 9,348
State and local governments (excluding universities and colleges) ... 54 87 176 297 446 613 710 816 866 909 946 991
Basic research 14 30 44 73 89 93 88 96 110 119 127 137
Applied research 27 38 86 156 259 396 491 558 583 609 631 657
Development 13 19 46 68 98 124 131 162 173 181 188 197
State and local universities and colleges 335 834 1411 2,287 4,076 6,432 8,020 8,937 9,973 10,958 11,886 12,740
Basic research 202 581 1,003 1442 2,535 4,089 5,142 5,644 6,203 6,772 7,395 8,077
Applied research 112 207 326 723 1,170 1,804 2,224 2,553 2,943 3,254 3520 3676
Development 21 46 82 122 371 539 654 740 827 932 971 987
FFRDC's administered by gOVEIMMENLS ..........ccouermermmrmermemmmmmmmsassaains 160 247 293 434 978 1,731 1,990 2,080 2,163 2,257 2,356 2,315
Basic research 44 85 107 194 496 853 970 1,032 1,080 1,140 1,229 1,207
Applied research 54 80 86 89 178 276 248 252 278 285 275 270
Development 62 82 100 151 304 602 uy 796 805 832 852 838

1. Nonprofit institutions are divided into four subgroups: Private universities and colleges, FFRDC's administered
by universities and colleges, FFRDC's administered by nonprofit institutions, and other nonprofit institutions.
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Table 3.1.—Industry Research and Development Expenditures by Performing Industry
[Millions of dollars]
1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Industry research and development expenditures, total * .........ccoooceeernn. 10,606 14,256 18,331 24,851 45,784 85,526 93,249 98,128 103,311 111,010 118,050 122,254
Manufacturing industries 10,436 13,870 17,613 24,092 43,908 77,092 85,292 87,471 89,079 89,941 89,311 91,897
Food and kindred products 105 158 235 347 645 1,131 1,196 1,163 1,236 1,230 1,259 1,385
Chemicals and allied products 993 1,366 1,808 2,817 4,779 8,677 9,758 11,201 12,222 13,447 14,782 16,835
Petroleum refining and extraction 300 400 528 727 1,636 2,296 1,942 2,042 2,232 2,357 2,541 2,372
Rubber and miscellaneous plastics products . 122 163 281 483 678 717 635 854 1,073 1,493 1,394 1511
Stone, clay, and glass products 89 113 170 243 424 852 1,014 720 633 557 471 499
Primary metal industries 179 214 280 455 747 798 738 643 693 746 719 558
Fabricated metal products 147 145 210 332 563 839 791 889 913 947 981 1,063
Industrial machinery and equipment ... 956 1,070 1,758 3312 6,150 12,508 11,980 13,477 14,645 14,698 14,975 15,303
Electronic and other electric equipment .. 2,555 3,216 4,279 5,236 9,414 14,635 16,025 14,278 13,466 13,537 13,522 13,634
Transportation equipment 4,432 6,404 6,881 8,289 14,557 28,146 34,481 35,002 34,094 31,562 27,567 26,574
Aircraft and missiles 3,541 5,169 5271 5,807 9,336 22,403 24,609 24,309 22,468 20,752 16,702 16,178
Other transportation eqUIPMENt ..........cccccvveeercnnervvcvensicsnnrenieinnens 891 1,235 1,610 2,482 5221 7,341 9,872 10,693 11,626 10,810 10,865 10,396
Instruments and related products 333 406 759 1,218 3,152 5125 5314 5,623 6,097 7,170 8,815 9,752
Other manufacturing industries 225 215 424 633 1,163 1,368 1,418 1579 1,775 2,197 2,285 2411
Nonmanufacturing industries 170 386 718 759 1,876 6,836 7,957 10,657 14,232 21,069 28,739 30,357
Federal funding 6,137 7,779 7,893 8,841 14,432 27,611 31,117 30,691 28,905 28,454 26,620 24,851
Manufacturing industries 6,026 7,509 7,405 8,521 13,628 25,265 28,378 27,390 25,123 23,951 21,057 18,909
Food and kindred products 9 1 3 1 1 1 2 2 2 2 0 0
Chemicals and allied products 174 192 184 244 383 234 192 242 128 124 211 293
Petroleum refining and extraction 20 48 23 47 159 36 14 22 18 17 11 9
Rubber and miscellaneous plastics products . 38 22 72 163 217 46 30 109 150 378 279 162
Stone, clay, and glass products 8 3 11 20 5 7 10 10 6 9 10 15
Primary metal industries 15 8 10 22 139 58 19 17 20 22 8 13
Fabricated metal products 36 15 7 28 50 50 152 164 180 205 228 295
Industrial machinery and equipment ... 394 240 266 527 674 1531 1,202 1,333 1,051 886 1,069 1,074
Electronic and other electric equipment .. 1,700 1,993 2,242 2,366 3,842 5,234 5,459 4,197 3,785 4,175 4,586 3,882
Transportation equipment 3,392 4,844 4,364 4,880 7,481 15,946 20,927 21,001 19,397 17,207 12,634 10,783
Aircraft and missiles 3174 4517 4,045 4,501 6,727 15,100 18,633 18,509 16,931 15,334 11,145 9,908
Other transportation eqUIPMENt ..........cc.euerreerrreerrreessenesesennens 218 326 318 375 744 829 2,284 2,483 2,456 1,863 1,483 870
Instruments and related products 155 133 198 179 596 400 271 194 268 749 1,889 2,249
Other manufacturing industries 79 6 9 5 6 10 2 9 26 97 88 104
Nonmanufacturing industries 111 269 489 320 805 2,355 2,739 3,301 3,782 4,501 5,562 5,942
Other funding 4,469 6,477 10,438 16,010 31,352 57,915 62,132 67,437 74,406 82,556 91,430 97,403
Manufacturing industries 4,410 6,361 10,208 15,571 30,280 51,827 56,914 60,081 63,956 65,990 68,254 72,988
Food and kindred products 96 157 232 346 644 1,130 1,194 1,161 1,234 1,228 1,259 1,385
Chemicals and allied products 819 1,174 1,624 2,573 4,396 8,443 9,566 10,959 12,094 13,323 14,571 16,542
Petroleum refining and extraction 280 352 505 680 1,477 2,260 1,928 2,020 2,214 2,340 2,530 2,363
Rubber and miscellaneous plastics products . 84 141 209 320 461 671 605 745 923 1,115 1,115 1,349
Stone, clay, and glass products 81 110 159 223 419 845 1,004 710 627 548 461 484
Primary metal industries 164 206 270 433 608 740 719 626 673 724 711 545
Fabricated metal products 111 130 203 304 513 789 639 725 733 742 753 768
Industrial machinery and equipment 562 830 1,492 2,785 5476 10,977 10,778 12,144 13,594 13,812 13,906 14,229
Electronic and other electric equipmi 855 1,223 2,037 2,870 5572 9,401 10,566 10,081 9,681 9,362 8,936 9,752
Transportation equipment 1,040 1,560 2,517 3,409 7,076 12,200 13,554 14,001 14,697 14,355 14,933 15,791
Aircraft and missiles 367 652 1,226 1,306 2,609 7,303 5,976 5,800 5,537 5418 5,557 6,270
Other transportation eqUIPMENt .........ccccvvveeeeicnnervveveesicsnnrinieennens 673 909 1,292 2,107 4,477 6,512 7,588 8,210 9,170 8,947 9,382 9,526
Instruments and related products 178 273 561 1,039 2,556 4,725 5,037 5,429 5,829 6,421 6,926 7,503
Other manufacturing industries 146 209 415 628 1,157 1,358 1,416 1570 1,749 2,100 2,197 2,307
Nonmanufacturing industries 59 17 229 439 1,071 4,481 5218 7,356 10,450 16,568 23177 24,415
1. Includes research and development expenditures by FFRDC's administered by industry.
2. Petroleum refining and extraction includes oil and gas extraction, normally included under mining.
FFRDC Federally funded research and development center
Table 3.2.—Industry Expenditures on Research and Development Performed Outside the United States by U.S. Companies and
Their Foreign Subsidiaries
[Millions of dollars]
1974 1975 1980 1985 1987 1988 1989 1990 1991 1992
Total 1,300 1,454 3,265 3,650 5,226 6,295 6,814 1,721 9,147 9,981
Manufacturing industries 1,297 1,450 3,258 3,632 5,162 6,200 6,706 7,613 8,369 9,121
Food and kindred products 27 23 54 75 37 27 41 40 66 68
Chemicals and allied products 208 269 603 843 1,243 1,501 1,504 1,990 2,401 2,683
Petroleum refining and extraction (G (G 141 47 47 58 45 71 107 119
Stone, clay, and glass products 7 7 21 ®) ®) ®) ®) 263 38 41
Primary metal industries 3 9 11 ©) 18 24 26 30 20 20
Fabricated metal products 6] ] 33 21 40 ©) 46 65 86 98
Industrial machinery and equipment 258 331 599 689 1,233 1,364 1,515 1,580 1,476 1,450
Electronic and other electric eqUIPMENt ......ccc.cccouvviiinrrrsviiiiinnnnsriiiiennns 238 245 451 591 432 669 574 671 651 554
Transportation equipment 406 412 1,020 1,025 ©) 1,801 ®) 2,153 2,402 (°)
Instruments and related products 39 49 186 169 317 393 449 563 656 700
Other manufacturing industries 11 105 139 125 138 145 179 187 467 (®)
Nonmanufacturing industries 3 4 7 18 64 95 108 114 778 860

1. Estimates included in “other manufacturing industries” for these years.

D Data are suppressed in order to avoid the disclosure of confidential information; estimates are included in totals.
Note.—Data on research and development performed outside the United States are not available prior to 1974.
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Table 4.1.—Research and Development Expenditures by Performer in Constant Dollars
[Millions of 1987 dollars]

1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992

Research and development expenditures, total ........cccccocceeesree. 55,697 73,327 75,668 72,922 89,660 121,871 127,390 130,427 132,253 136,493 140,435 141,410
Private 44,373 55,441 56,987 54,516 69,938 98,881 103,336 105,700 106,732 110,545 114,508 115,186
Industry * 40,489 47,942 49,101 47,134 61,364 89,550 93,249 95,252 95,959 99,392 103,045 103,405
Private universities and colleges 2,149 3,968 4,183 3,615 3,934 3,814 4,212 4,394 4,505 4571 4,583 4,643
FFRDC's administered by private universities and colleges 679 1,147 1,117 1,144 1,796 2,025 2,383 2,526 2,517 2,492 2,494 2,414
FFRDC's administered by grivate nonprofit institutions .. 213 556 604 406 598 730 590 562 562 612 673 726
Other nonprofit institutions 843 1,828 1,982 2,217 2,246 2,762 2,902 2,966 3,189 3478 3713 3,998
Government 11,324 17,886 18,681 18,406 19,722 22,990 24,054 24,7121 25521 25,948 25,927 26,224
Federal Government 8,720 12,539 12,118 11,286 11,138 13,202 13,334 13,494 13,803 13,905 13,684 13,763
State and local governments (excluding universities and colleges) . 206 308 516 615 607 657 710 775 795 805 805 819
State and local universities and colleges 1,895 4,356 5,388 5,802 6,742 7,318 8,020 8,406 8,847 9,138 9,304 9,602
FFRDC's administered by governments .. 503 683 659 703 1,235 1,813 1,990 2,052 2,076 2,100 2,134 2,040

1. Includes FFRDC's administered by industry.

2. Nonprofit institutions are divided into four subgroups: Private universities and colleges, FFRDC's administered
by universities and colleges, FFRDC's administered by nonprofit institutions, and other nonprofit institutions.

FFRDC Federally funded research and development center

Table 4.2.—Industry Research and Development Expenditures by Performing Industry in Constant Dollars
[Millions of 1987 dollars]

1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Industry research and development expenditures, total * ......... 40,489 47,942 49,101 47,134 61,364 89,550 93,249 95,252 95,959 99,392 103,045 103,405
Manufacturing industries 39,814 46,581 47,086 45,614 58,696 82,427 85,292 84,909 82,683 80,327 77,762 77,602
Food and kindred products 429 561 659 700 908 1,176 1,197 1,131 1,159 1,123 1,115 1,186
Chemicals and allied products 3849 4,703 4971 5,507 6,532 9,212 9,758 10,886 11,380 11,998 12,784 14,087
Petroleum refining and extraction 2 1,247 1,449 1,473 1,421 2,240 2,375 1,942 1,991 2,078 2,111 2,220 1,928
Rubber and miscellaneous plastics Products ..............c.oeeenerrineerines 496 578 792 968 953 746 635 827 1,002 1,354 1,231 1,290
Stone, clay, and glass products 362 405 483 487 590 885 1,014 699 593 507 418 429
Primary metal industries 670 718 763 867 991 830 738 631 656 686 644 487
Fabricated metal products 555 489 567 643 763 874 791 871 863 869 878 926
Industrial machinery and equipment 3530 3433 4451 5918 7,791 13,016 11,980 13,098 13,320 12,712 12,834 12,881
Electronic and other electric eqUIPMENt ... 9,480 10,399 11,077 9,658 12,444 15,470 16,025 13,804 12,371 11,901 11,711 11,507
Transportation equipment 17,018 21,709 18,629 15,859 19,592 31,028 34,481 33,950 31,818 28,480 24,099 22,404
Aircraft and missiles 13,298 17,221 13,901 10,796 12,296 23424 24,609 23,626 21,012 18,697 14,547 13,514
Other transportation equipment 3,720 4,488 4728 5,063 7,296 7,604 9,872 10,324 10,806 9,783 9,552 8,890
Instruments and related products 1,264 1,357 2,017 2,307 4,248 5,392 5314 5,488 5778 6,584 7,809 8,417
Other manufacturing industries 914 780 1,204 1,279 1,644 1,423 1,417 1,533 1,665 2,002 2,019 2,060
Nonmanufacturing industries 675 1,361 2,015 1,520 2,668 7123 7,957 10,343 13,276 19,065 25,283 25,803

1. Includes research and development expenditures by FFRDC's administered by industry.
2. Petroleum refining and extraction includes oil and gas extraction, normally included under mining.
FFRDC Federally funded research and development center

Table 4.3.—Annual Average Full-Time-Equivalent Number of Research and Development Scientists and Engineers by Industry

[Thousands]
1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992

Total 302.1 3484 375.6 3639 469.2 646.8 702.2 7144 725.6 7175 7417 7832
Manufacturing industries ™ 3377 359.6 349.1 448.2 575.8 603.0 ™ M U] ™ 576.4
Food and kindred products 5.0 6.2 6.4 6.9 73 6] 6] 6] 6] 8.0 9.6 9.9
Chemicals and allied products 36.6 37.9 414 44.8 53.1 735 75.5 76.7 78.3 78.9 82.2 87.4
Petroleum refining and extraction 9.1 88 9.6 85 11.9 12.0 9.7 9.9 103 10.1 10.8 115
Rubber and miscellaneous plastics products ..............cccccereerrreerneennns 54 58 6.9 85 M U] ] 6] ] 6] 6] 14.9
Stone, clay, and glass products U] 33 44 46 55 71 8.6 8.6 8.6 85 6.8 53
Primary metal industries 6.9 55 6.5 72 8.0 6.4 56 5.7 (] (6] (] 50
Fabricated metal products 8.0 6.5 6.5 71 78 6] 10.2 10.1 ] 6] 6] 85
Industrial machinery and equipment 326 29.9 425 54.2 65.7 85.7 97.1 99.1 106.1 109.8 103.3 99.4
Electronic and other electric qUIPMENt ..........cccrreerereernereernreisnennnns 75.8 89.8 96.2 81.3 100.7 115.6 1315 136.6 139.3 1379 114.8 91.2
Transportation equipment 94.0 1236 112.0 94.5 128.6 169.8 187.8 190.6 188.4 175.8 1545 142.9
Aircraft and missiles 75.5 99.3 85.2 67.2 90.6 1375 136.4 139.4 1354 1232 105.4 94.0
Other transportation equipment 185 244 26.8 274 38.1 323 514 51.2 53.0 52.6 49.1 49.0
Instruments and related products 10.6 12.0 15.1 184 33.8 (] 6] 6] (6] (] (6] 79.4
Other manufacturing industries ™ 84 121 131 (] ® 16.2 155 (G (G 6] 213
Nonmanufacturing industries ™ 10.7 16.0 14.8 21.0 71.0 99.2 ® (] ® ® 206.8

1. Annual average. T Data are not shown separately; estimates included in total.

S Data are not shown separately because more than 50 percent were imputed by National Science Foundation; n.a. Not available.

estimates included in total.
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Table 5.1.—Implicit Price Deflators for Research and Development Expenditures by Performing Group
[Index numbers, 1987=100]
1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Research and development expenditures, total ... 24.7 21.7 354 50.5 727 94.7 100.0 1034 108.1 1124 115.9 119.7
Private 25.8 289 36.4 517 73.8 95.2 100.0 103.2 107.8 112.0 115.1 118.9
Industry * 26.2 29.7 37.3 52.7 74.6 95.5 100.0 103.0 107.7 1117 1146 118.2
Private universities and colleges 15.6 17.0 236 36.9 58.4 89.1 100.0 105.6 112.0 119.0 126.0 1329
FFRDC's administered by private universities and colleges 30.7 32.7 414 57.9 76.8 95.6 100.0 102.3 106.6 1104 1143 117.8
FFRDC's administered by private nonprofit institutions .. 320 36.3 432 59.4 79.6 96.9 100.0 100.7 103.8 106.5 109.9 1131
Other nonprofit institutions 275 30.2 36.1 50.1 74.8 94.1 100.0 104.6 108.2 1120 116.3 119.7
Government 20.3 24.1 324 46.9 69.0 92.6 100.0 1045 109.0 1143 119.7 1235
Federal Government 20.0 25.1 344 49.8 72.7 94.8 100.0 103.8 1074 1118 115.9 118.7
State and local governments (excluding universities and colleges) 26.4 284 34.0 484 735 934 100.0 105.3 109.0 113.0 1175 120.9
State and local universities and colleges 17.7 19.1 26.2 394 60.5 87.9 100.0 106.3 112.7 119.9 127.7 132.7
FFRDC's administered by governments .. 318 36.1 445 61.7 79.2 95.4 100.0 1013 104.2 1075 1104 1135
Addendum:
Gross domestic product 26.0 284 35.2 49.2 7.7 94.4 100 103.9 108.5 1133 117.6 1209
1. Includes research and development expenditures by FFRDC's administered by industry.
FFRDC Federally funded research and development center
Table 5.2.—Implicit Price Deflators for Industry Research and Development
[Index numbers, 1987=100]
1960 1965 1970 1975 1980 1985 1987 1988 1989 1990 1991 1992
Industry research and development expenditures, total * .......... 26.2 29.7 373 52.7 74.6 95.5 100.0 103.0 107.7 1117 114.6 118.2
Manufacturing industries 26.2 29.8 374 52.8 74.8 95.5 100.0 103.0 107.7 1120 1149 118.4
Food and kindred products 245 28.2 35.7 49.6 71.0 96.2 100.0 102.8 106.6 109.5 112.9 116.8
Chemicals and allied products 258 29.0 36.4 51.2 73.2 94.2 100.0 102.9 107.4 1121 115.6 1195
Petroleum refining and extraction 2 24.1 27.6 35.8 51.2 73.0 96.7 100.0 102.6 1074 1117 1145 123.0
Rubber and miscellaneous plastics products ..............ccccereerereerrenenes 24.6 28.2 355 49.9 711 96.1 100.0 103.3 107.1 1103 1132 1171
Stone, clay, and glass products 24.6 27.9 352 49.9 719 96.3 100.0 103.0 106.7 109.9 112.7 116.3
Primary metal industries 26.7 29.8 36.7 52.5 754 96.1 100.0 101.9 105.6 108.7 111.6 1146
Fabricated metal products 26.5 29.7 37.0 51.6 73.8 96.0 100.0 102.1 105.8 109.0 1117 1148
Industrial machinery and equipment 27.1 312 39.5 56.0 78.9 96.1 100.0 102.9 109.9 115.6 116.7 118.8
Electronic and other electric equipment .. 27.0 30.9 38.6 54.2 75.7 94.6 100.0 103.4 108.9 1137 1155 1185
Transportation equipment 26.0 29.5 36.9 52.3 74.3 95.9 100.0 103.1 107.2 1108 1144 118.6
Aircraft and missiles 26.6 30.0 37.9 53.8 75.9 95.6 100.0 102.9 106.9 111.0 114.8 119.7
Other transportation equipment 24.0 215 341 49.0 71.6 96.5 100.0 103.6 107.6 1105 1137 116.9
Instruments and related products 26.3 29.9 37.6 52.8 74.2 95.0 100.0 102.5 105.5 108.9 112.9 1159
Other manufacturing industries 246 27.6 352 495 70.7 96.1 100.0 103.0 106.6 109.7 113.2 117.0
Nonmanufacturing industries 252 284 35.6 49.9 70.3 96.0 100.0 103.0 107.2 1105 113.7 1176

1. Includes research and development expenditures by FFRDC's administered by industry.
2. Petroleum refining and extraction includes oil and gas extraction, normally included under mining.

FFRDC Federally funded research and development center
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