
SPECIAL ANALYSIS H 

RESEARCH AND DEVELOPMENT 
This analysis covers the funding of research and development by 

all Federal agencies with R&D programs exceeding $10 million. It 
consists of three sections. The first highlights general R&D policies 
and trends in the 1990 budget. The second provides further details 
on the R&D programs of six major R&D agencies. The third dis-
cusses several government-wide R&D efforts in such diverse areas 
as global change, superconductivity, and technology transfer. 

PART I. OVERVIEW 
Federal Role in R&D.—The ability of the Nation to meet global 

competition, to provide for the national security, and to improve 
the quality of life for all citizens depends in part on national 
investment in science and technology. About one-half of the Na-
tion's R&D investments are supported by the Federal Government. 

In 1990, total Federal obligations for research and development, 
including R&D facilities, are estimated at $69.8 billion, an increase 
of about $4.3 billion or 7 percent above the 1989 estimated level of 
$65.5 billion as shown in table J-1. The increase supports the 
major initiatives of the Administration. About half of the increase 
is for DOD applied R&D, the remainder of the increase is primarily 
for HIV research, the Space Station, support for University basic 
research through the National Science Foundation, and the Feder-
al share of construction of the Superconducting Super Collider. 
Support for the conduct of basic research, included within this 
total, is estimated to increase 6 percent, from $10.5 billion in 1989 
to $11.2 billion in 1990, and support for University basic research is 
estimated to increase by 4 percent, from $8.4 billion in 1989 to $8.7 
billion in 1990. The Federal Government supports about two-thirds 
of all basic research performed at Universities. 

The Federal Government supports research and development: 
• to meet the direct needs of the Federal Government where 

the supporting agencies are also the principal users of the 
results of the R&D. Examples include R&D for national secu-
rity and research to support regulatory activities; and 

• to assist in meeting broad national needs, particularly where 
the private sector lacks sufficient incentives for adequate in-
vestment to assure that the scientific and technological foun-
dation is in place to support long-term economic growth and 

J-1 
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continued improvement in the quality of life for all citizens. 
Examples of such investments are those directed toward basic 
research across all fields of science and engineering, and agri-
cultural and health-related R&D. 

Trends in Federal R&D.—Over the course of the last 8 years, 
there has been a significant increase in Federal spending on R&D, 
due in large part to the Reagan Administration's belief that nation-
al investment in science and technology, over the long term, in-
creases innovation and productivity. Federal support for R&D in-
creased from $36.4 billion in 1982 to $67.3 billion in 1990, an 
increase of 41 percent in real terms. Within these amounts, the 
Administration has initiated a number of major R&D projects in-
cluding the Strategic Defense Initiative, the Space Station, the 
Superconducting Super Collider, and several major space science 
missions. 

Increases in Federal R&D spending over nearly the last decade 
may be partially credited for concomitant increases in private R&D 
spending. In CY 1989 national spending for R&D is projected to 
total about $131 billion, a real increase of about 1 percent over 
1988. Of this amount, about $63 billion is expected from the Feder-
al Government, $63 billion from industry, and the balance from 
State governments, universities, colleges and other non-profit orga-
nizations. 

In addition, the Administration has helped foster and strengthen 
a renewed awareness of the importance of activities that link the 
performers and users of R&D: industry, universities, and govern-
ment laboratories. This has been reflected in new programs such 
as: the Engineering Research Centers, the Science and Technology 
Centers funded by the National Science Foundation, and the Cen-
ters for the Commercial Development of Space funded by the Na-
tional Aeronautics and Space Administration that have been start-
ed by this Administration. In addition to these programs, industry 
has also benefited from other Federal actions that encourage in-
creased private sector support for R&D. Such actions have included 
revisions of policies on ownership of patents and other intellectual 
property to provide incentives for innovation, revisions of antitrust 
laws to encourage joint industrial R&D efforts, and revisons of the 
tax code to encourage increased private R&D expenditures. 

1990 Highlights.—For 1990, the budget provides increased Feder-
al support for R&D to meet key national needs. The budget also 
provides increased support for basic research, particularly interdis-
ciplinary research at universities, to help generate the new knowl-
edge necessary for continued technological innovation and to help 
ensure the future availability of well-trained scientists and engi-
neers. The Federal Government will also continue to encourage 
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and facilitate the transfer of technology and new knowledge from 
universities and Federal laboratories to the private sector. 

Even within the context of the severe fiscal constraints imposed 
by the Balanced Budget and Emergency Deficit Control Reaffirma-
tion Act of 1987, the 1990 budget reflects the continued high priori-
ty the Administration places on R&D that is appropriate for Feder-
al support. The 1990 budget provides significant increases for R&D 
programs in key agencies including: 

• a $2.6 billion increase for selected R&D programs in the De-
partment of Defense such as the Strategic Defense Initiative 
and the Advanced Tactical Fighter; 

• a $1.2 billion increase for the R&D programs in the National 
Aeronautics and Space Administration including the Space 
Station, space science, and aeronautics; 

• a $200 million increase for basic research support by the 
National Science Foundation including a second round of 
competition for Science and Technology centers; 

• a $150 million increase for the Department of Energy for 
initiation of site specific construction of the Superconducting 
Super Collider (SSC), as well as initiation of a 6-7 GeV syn-
chrotron, and a next-generation fusion device, the Compact 
Ignition Tokamak; and 

• a 6.6 percent increase for basic research at NIH, and a signifi-
cant increase for R&D on Human Immunodeficiency Virus 
(HIV, commonly known as AIDS). 

At the same time, the 1990 budget continues to propose reduc-
tions in programs that are not appropriate Federal responsibilities, 
and which should be left to the states or the private sector for 
needed investments. These include large reductions in the energy 
technology programs of the Department of Energy, and elimination 
of selected programs of the Department of Commerce (e.g., the Sea 
Grant program), and certain research activities of the Department 
of the Interior (e.g., the Mineral Institutes program). 

Future Outlook.—R&D activities of the Federal Government are 
spread across almost every budget function and agency. However, 
most (almost 90 percent) R&D is concentrated within three func-
tions: 050, National Defense (the Department of Defense and the 
weapons programs of the Department of Energy); 250, General 
Science, Space and Technology (the National Science Foundation, 
the space activities of the National Aeronautics and Space Admin-
istration, and the high-energy and nuclear physics programs of the 
Department of Energy); and 550, Health (the Department of Health 
and Human Services). 

These functions have had significant growth during the period of 
this Administration. However, considering the growth of commit-
ments and costs, together with tightening fiscal constraints, the 
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future budget outlook for these functions is unclear. The 
President's 1990 Budget seeks to establish a sustainable funding 
path with emphasis on priority projects. 

For function 250, continued real growth will be necessary simply 
to sustain the programs and projects begun during the course of 
this Administration. For example, even with no new major space 
exploration initiatives, the NASA budget must almost double by 
the year 2000 just to maintain the "core program" of development 
of the Space Station, space transportation (Space Shuttle and ex-
pendable launch vehicles), launch and operation of unmanned sci-
ence missions, and continued support for generic space technology. 

For federally-funded R&D more generally, continued real growth 
will also be necessary just to maintain the current relationship of 
Federal R&D funding to the Gross National Product. While it may 
be argued that such relationships should not be a principal deter-
minant of Federal R&D spending, the evidence strongly suggests 
that R&D is essential for industry to maintain the pace of innova-
tion, and through innovation, increased productivity. More impor-
tantly, Federal R&D programs provide what private R&D spending 
generally does not, that is, a critical source of funding to train the 
"human capital"—the next generation of scientists and engineers— 
that will be required to maintain the nation's overall scientific and 
technological enterprise. 

It is also clear that the success of very large and complex 
projects, e.g., the Superconducting Super Collider and the Space 
Station, will depend on sustained funding commitments of a decade 
or more. Without such commitments from both the Administration 
and Congress, these projects will surely be plagued with delays and 
cost growth. However, it must also be recognized that other R&D 
activities, particularly basic research programs, will require stable 
and sustained funding over an extended period of time if these 
activities are to achieve their objectives. 

There has been much discussion over the past year on the topic 
of scientific priorities. Clearly, most Federal R&D is done in direct 
support of agency mission needs. Most agencies have a well-defined 
process for establishing their R&D priorities, articulating them, 
and implementing them once the legislative authorization and ap-
propriation process is completed. 

However, there are cases where R&D activities cut across several 
agencies, or where R&D projects are of such a magnitude as to 
force choices either within or between agencies. The need to make 
such choices may intensify with continuing future fiscal pressure. 
The Executive budget formulation process has focused on specific 
areas for crosscutting reviews, as the situations warrant. This is 
illustrated by global change research. However, a critical element 
in the success of these crosscutting R&D efforts is that the Con-
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gress also review these areas as a whole, not just on an individual 
agency basis. 

Table J - l . TOTAL FEDERAL FUNDING FOR CONDUCT OF R&D AND RELATED FACILITIES 

(In billions of dollars) 

Obligations Outlays 

1988 actual 1989 estimate 1990 estimate 1988 actual 1989 estimate 1990 estimate 

Conduct of R&D 58.8 63.0 67.3 56.0 59.9 64.4 
R&D facilities 2.1 2.5 2.4 1.9 2.2 2.3 

Total 60.9 65.5 69.8 57.9 62.0 66.7 

PART II. MAJOR AGENCY R&D PROGRAMS 

CONDUCT OF RESEARCH AND DEVELOPMENT 

The budget for 1990 includes $67.3 billion in obligations for the 
conduct of R&D, an increase of $4.3 billion or about 7 percent over 
1989. The conduct of R&D associated with national defense (i.e. 
military-related R&D programs of the Departments of Defense and 
Energy) makes up about 65 percent of the total Federal spending 
on R&D. Highlights of the proposed programs of the six major 
R&D agencies, which account for 97 percent of the obligations for 
the conduct of R&D by the Federal Government, are presented 
below. 

• Department of Defense (DOD).—Obligations for the conduct 
of RDT&E by DOD are estimated at $41.5 billion for 1990, an 
increase of $2.6 billion (about 7 percent) above 1989. 
Research and technology development programs will grow by 
$1.5 billion to $11.0 billion (an increase of 15 percent) and will 
emphasize both research in the physical sciences, particularly 
materials and electronics, and the development of technol-
ogies, such as those in the Strategic Defense Initiative. DOD 
funding for R&D for the Strategic Defense Initiative increases 
by $1.9 billion, to a level of $5.6 billion in 1990. There is also 
an increase of $69 million for the joint DOD-NASA program 
to develop the National Aerospace Plane. 
Development of systems to increase capabilities of general 
purpose forces will increase by $1.5 billion to $14.9 billion in 
1990. Army development programs emphasize advanced anti-
tank weapon systems, ground-based air defense systems, and 
a new light helicopter. Navy efforts include development of 
an advanced attack aircraft incorporating stealth technol-
ogies, the V-22 tilt-rotor transport aircraft, and systems to 
improve anti-submarine warfare capabilities, such as the 
SSN-21 submarine. Major Air Force programs will include 
the Advanced Tactical Fighter that also incorporates stealth 
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features, and the C-17 transport aircraft. Within this area, 
the services also will develop improvements to systems al-
ready in the field, including the M-l tank, the F-14 fleet 
defense fighter, and the F-16 multi-role fighter. 
Development of strategic systems will decrease by $1.0 billion 
to $5.7 billion in 1990, as systems ending development fielded. 
Major programs remaining in this area include the B-2 Ad-
vanced Technology Bomber, the Trident II sea-launched bal-
listic missile, and Rail Garrison Basing for the Peacekeeper 
ICBM. 

• Department of Energy (DOE).—Obligations for the conduct of 
R&D by the Department of Energy are estimated to be $5.4 
billion, an increase of $71 million over 1989. 
Funding for the National Defense Program will increase by 
$68 million to $2.5 billion. This program supports R&D and 
testing of nuclear weapons, improved naval propulsion reac-
tors, and development of safe methods for the management of 
radioactive wastes resulting from weapons production. 
Funding for the conduct of High Energy and Nuclear Physics 
research in the General Science Programs will increase by 
$56 million from $712 million in 1989 to $768 million in 1990. 
Included in this total are funds to enhance support for long-
term basic research; to expand substantially the R&D effort 
on the superconducting magnets and other technical compo-
nents required for the Superconducting Super Collider accel-
erator facility; and to increase the levels of operation of all 
major on-line high energy and nuclear physics accelerators. 
Obligations for Energy Programs will decrease by $53 million 
from 1989 to $2.1 billion in 1990. However, increases are 
proposed to enhance support for long-term basic research in 
both the physical and life sciences. Programs significantly 
enhanced include research in superconductivity, mapping of 
the human genome (DNA), globaj climate change, radiobio-
logy, and methods and techniques for mitigation of environ-
mental impacts due to pollutants associated with various 
energy technologies. The 1990 budget continues the $2.5 bil-
lion, multi-year program of clean coal technology demonstra-
tion projects as recommended by the U.S. and Canadian Spe-
cial Envoys on Acid Rain. The schedule for this program has 
been revised to permit a more orderly pace of technology 
development. The increases in these science programs are 
offset by proposed reductions in energy technology programs 
such as fossil energy, conservation, and renewable energy 
where reliance is placed on the private sector to provide 
support for demonstrations and product development. 
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• Department of Health and Human Services (HHS).—HHS 
R&D activities in 1990 are estimated to be $8.4 billion, up 
from $7.9 billion in 1989. The 1990 budget endorses the view, 
long held by the Administration and the university research 
community, that basic biomedical research be given priority. 
The budget reflects scientific priorities shared by the National 
Institutes of Health (NIH) and the biomedical research com-
munity. 
Accordingly, the 1990 budget seeks to encourage and acceler-
ate the accumulation of vital knowledge by providing a 6.6 
percent increase for basic research at NIH; committing $100 
million in 1990 to a long-term study of the human genome; 
expanding biomedical research training support by 3 percent; 
and maintaining support for applied and developmental re-
search. 
The prevention and alleviation of suffering from HIV is the 
highest public health priority of the Administration. Federal 
support for HIV research, prevention and treatment exceeded 
$2.1 billion in 1989, and will approach $2.8 billion in 1990. 
Federal spending complements the multimillion dollar efforts 
of the states, localities and the private sector. In 1990, $921 
million will be provided for HIV R&D, to be consolidated in 
the National HIV program. 

• National Aeronautics and Space Administration (NASA).— 
NASA obligations for the conduct of R&D are estimated at 
about $6.9 billion in 1990, an increase of 21 percent over 1989. 
This increase is necessary primarily to continue development 
of the Space Station and to support important science and 
technology programs, including the new Comet Rendezvous 
Asteroid Flyby (CRAF) and Cassini planetary exploration mis-
sions. CRAF will fly by an asteroid and will make in-situ 
measurments of a comet. Cassini will explore Saturn and its 
moons. The simultaneous initiation of these missions takes 
advantage of the limited launch windows, and the benefits, 
particularly in cost savings, of international participation by 
the West Germans and the European Space Agency, and of 
the procurement of two Mariner Mark II spacecraft. 
For other science and applications programs, the budget con-
tinues support for major flight projects such as the Hubble 
Space Telescope, the Galileo mission to Jupiter, the Global 
Geospace Science mission and the Ocean Topography Experi-
ment (TOPEX), and increases support for the Explorer pro-
gram. 

• National Science Foundation (NSF).—Obligations for re-
search supported by NSF are expected to increase by about 
$217 million, or about 13 percent—to $1.9 billion in 1990. This 
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increase reflects the continued commitment of the Adminis-
tration to increase investments in basic research by doubling 
the NSF budget by 1993. The budget provides enhanced sup-
port for basic research across a wide spectrum of high-priority 
scientific and engineering disciplines, including materials sci-
ences, high-performance computing, and global change. In-
creases will also be provided for instrumentation and gradu-
ate student support. In addition, NSF will emphasize improve-
ments in the environment, and in areas affecting health and 
safety in the U.S. Antarctic Program. 
The budget also provides for expanded efforts in improving 
research and education at the undergraduate level, and for 
selection of new Science and Technology Centers in a second 
round of competition. These centers will be in addition to the 
11 established in 1989. These centers, modeled after the Engi-
neering Research Centers, are intended to foster and 
strengthen multidisciplinary basic research in the physical 
and life sciences and to speed the transfer of such knowledge 
to the private sector. 

• Department of Agriculture (USDA).—Obligations for the con-
duct of R&D are estimated at $1.04 billion for 1990, approxi-
mately the same as the 1989 level. Within the USDA total, 
the Cooperative State Research Service will provide $280 mil-
lion for research and development, primarily conducted by 
colleges and universities. As part of its program, increased 
funding will be provided to explore the effects of increased 
UV-B radiation, resulting from stratospheric ozone depletion, 
on crops and forests. The Agricultural Research Service ex-
pects to obligate $546 million, an increase of $20 million over 
1989. The 1990 effort will focus on water quality, food quality 
and safety, and plant and animal germplasm preservation. 
The Forest Service will place an increased emphasis on forest 
ecosystem health and productivity in response to changing 
environmental conditions. 

Table J-2 summarizes Federal support for the conduct of R&D by 
agency. 

CONDUCT OF BASIC RESEARCH 

The 1990 budget continues to reflect the strong emphasis that 
this Administration has placed on enhancing support for basic 
research across all scientific and engineering disciplines. Even in 
an environment of continuing fiscal austerity, Federal support for 
basic research, especially at universities, is an important factor in 
generating new knowledge to ensure continued technological inno-
vation. It is an essential investment in the Nation's future. The 
Federal Government has traditionally assumed a key role in sup-
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Table J-2. CONDUCT OF RESEARCH AND DEVELOPMENT BY MAJOR DEPARTMENTS AND AGENCIES 

(In millions of dollars) 

Obligations Outlays 
Department or agency 1988 1989 1990 1988 1989 1990 

actual estimate estimate actual estimate estimate 

Defense—Military functions 37,063 38,879 41,518 35,417 37,306 39,437 
Health and Human Services 7,161 7,892 8,375 6,862 7,345 8,094 
(National Institutes of Health) 1 (6,289) (6,791) (6,443) (6,031) (6,386) (6,616) 
(National HIV Program) — — 921 — — 414 
National Aeronautics and Space Administration.. 4,330 5,688 6,870 3,832 4,741 6,152 
Energy 5,081 5,307 5,378 4,989 5,259 5,501 
National Science Foundation 1,533 1,664 1,881 1,494 1,634 1,756 
Agriculture 1,014 1,048 1,044 972 1,020 1,043 
Interior 415 432 387 415 432 391 
Environmental Protection Agency 347 386 421 340 364 405 
Transportation 304 329 332 321 391 384 
Commerce 561 441 201 413 449 278 
Veterans Affairs 217 238 205 199 208 201 
Agency for International Development 193 184 177 234 222 216 
All other2 554 563 556 529 527 560 

Total 58,776 63,049 67,344 56,018 59,897 64,418 

1 Totals for NIH in 1988 and 1989 include HIV funding. For 1990, all HIV funding is proposed as a separate element within DHHS, the 
National HIV Program, and is not included in the NIH totals. 

2 Includes the Departments of Education, Justice, Labor, Housing and Urban Development and Treasury, the Tennessee Valley Authority, the 
Smithsonian Institution, the Corps of Engineers, and the Nuclear Regulatory Agency. 

port of basic research because the private sector has insufficient 
incentives to invest in such research. Over the course of this Ad-
ministration (1982 to 1990), Federal support for basic research in-
creased 56 percent in real terms. 

Funding for basic research is included within the total for Feder-
al support for the conduct of R&D. In 1990, obligations for the 
conduct of basic research are estimated at $11.2 billion, an increase 
of about $672 million, or 6 percent above the 1989 level. 

Basic research performed at universities serves the dual role of 
providing new knowledge and helping to ensure the future avail-
ability of high-caliber scientists and engineers. Both of these are 
key elements in the long-term ability of the nation to compete in 
global markets. University-based researchers receive about one-half 
of total Federal obligations for basic research. Federal support for 
R&D performed by universities and colleges is estimated to in-
crease 4 percent in 1990 to a total of $8.7 billion. Over the period of 
this Administration (1982 to 1990), such support increased by 45 
percent in real terms. 

Table J-3 summarizes Federal support for the conduct of basic 
research by agency. 

R&D FACILITIES 

In 1990, within the total for support for R&D facilities, funding is 
provided for major scientific instrumentation, including the special-
ized research facilities at national laboratories and university cen-
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Table J-3. CONDUCT OF BASIC RESEARCH BY MAJOR DEPARTMENTS AND AGENCIES 

(In millions of dollars) 1 

Obligations Outlays 
Department or agency 1988 1989 1990 1988 1989 1990 

actual estimate estimate actual estimate estimate 

Agencies supporting primarily physical sci-
ences and engineering:2 

National Science Foundation 1,433 1,553 1,754 1,399 1,527 1,638 
National Aeronautics and Space Adminis-

tration 1,113 1,438 1,462 1,019 1,318 1,407 
Energy 1,183 1,303 1,389 1,171 1,304 1,402 
Defense—Military functions 873 939 929 836 936 954 
Interior 126 147 128 129 148 131 
Commerce 31 30 28 28 31 29 
Other Agencies3 7 7 7 8 8 7 

Subtotal 4,767 5,418 5,697 4,589 5,270 5,567 

Agencies supporting primarily life and other 
sciences:4 

Health and Human Services 4,086 4,417 4,756 3,914 4,152 4,621 
(National Institutes of Health)5 (3,794) (4,062) (4,175) (3,644) (3,837) (4,161) 
Agriculture 477 490 511 457 479 499 
Smithsonian Institution 75 79 87 73 78 85 
Environmental Protection Agency 27 44 76 28 40 73 
Veterans Affairs 17 19 16 16 18 16 
Other Agencies6 20 21 17 20 18 18 

Subtotal 4,703 5,070 5,463 4,507 4,786 5,311 

Total 9,470 10,488 11,160 9,096 10,056 10,878 

1 Amounts reported in this table are included in totals for conduct of R&D. 
2 Includes mathematics and computer sciences. 
3 Includes the Corps of Engineers, the Tennessee Valley Authority, and the Department of Transportation. 
4 Includes psychology and social sciences. 
5 Totals for NIH in 1988 and 1989 include HIV funding. For 1990, all HIV funding is proposed as a separate element within PHHS, the 

National HIV Program, and is not included in the NIH totals. 
6 Includes the Departments of Education, Labor, Justice, and Treasury, and the Agency for International Development. 

ters, e.g.t particle accelerators, telescopes, and advanced computers. 
Such specialized facilities are critical to advancing the frontiers of 
science in a number of scientific disciplines. Funds for R&D facili-
ties are also used for construction or renovation of general purpose 
laboratories and research support facilities. 

In 1990, obligations for R&D facilities are expected to total $2.4 
billion, approximately the same as in 1989. The budget provides for 
initiation of construction of four major new projects in DOE, the 
Superconducting Super Collider (SSC) accelerator facility, a 6-7 
GeV synchrotron source at Argonne National Laboratory, a Com-
pact Ignition Tokamak at the Princeton Plasma Physics Laborato-
ry, and a modification of the linear accelerator at the Fermi Na-
tional Laboratory. Ongoing construction of a 1-2 GeV synchrotron 
source at Lawrence Berkeley Laboratory, an Accumulator/ Booster 
Ring at the Brookhaven Alternating Gradient Synchrotron, and a 
new nuclear physics facility, the Continuous Electron Beam Accel-
erator Facility (CEBAF), at Newport News, Virginia will be contin-
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ued. NSF will initiate construction of a new National Magnet 
Laboratory at a site to be selected in a national competition in 
1989. 

Table J-4 summarizes Federal support for R&D facilities and 
capital equipment. 

Table J-4. RESEARCH AND DEVELOPMENT FACILITIES BY MAJOR DEPARTMENTS AND AGENCIES 

(In millions of dollars) 

Obligations Outlays 
Department or agency 1988 1989 1990 1988 1989 1990 

actual estimate estimate actual estimate estimate 

Energy 921 904 1,089 886 888 968 
National Aeronautics and Space Administration.. 428 561 589 399 484 511 
Defense—Military functions 450 604 520 422 466 500 
Agriculture 135 109 58 78 113 136 
National Science Foundation 57 60 86 57 65 80 
Health and Human Services 22 146 22 33 72 52 
(National Institutes of Health) (20) (120) (7) (29) (68) (38) 
All other1 80 69 68 57 63 69 

Total 2,093 2,452 2,431 1,931 2,150 2,315 

1 Includes the Departments of Transportation, Commerce, Education, Interior, Justice, and Treasury, Veterans Affairs, Tennessee Valley Authority, 
Agency for International Development, and the Smithsonian Institution. 

PART III: CROSSCUTTING R&D ACTIVITIES 
There are a number of R&D activities with a common theme and 

purpose that are supported by a number of Federal agencies. Al-
though this R&D is done primarily to meet each agency's mission 
needs, in a number of instances, Federal agencies coordinate these 
activities in order to realize maximum benefits from their expendi-
tures. This new section of the Special Analysis will describe these 
crosscutting R&D efforts in a number of areas: arctic research, 
global change research, research in superconducting materials, 
semiconductors, and fiber optics. This section will also report on 
the technology transfer activities of the Federal Government. 

ARCTIC RESEARCH 

Two complementary policy documents currently govern U.S. 
Arctic research policy. The Arctic Research and Policy Act of 1984 
(Public Law 98-373) requires an ". . . integrated, coherent, and 
multiagency request . . ." for research in the Arctic as part of the 
President's annual budget request to Congress. National Security 
Decision Directive 90 (NSDD 90, April 14, 1983) identifies four basic 
elements of U.S. Arctic Policy: 

• protection of essential security interests in the Arctic region; 
• support for sound, rational development in the Arctic region, 

while minimizing adverse effects on the environment; 
• promotion of scientific research in fields which contribute 

knowledge about the Arctic; and 
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• promotion of mutually beneficial international cooperation in 
the Arctic. 

In response to these directives, the Interagency Arctic Research 
Policy Committee (established by Public Law 98-373) compiled a 
detailed listing of agency programs in Arctic research, including 
budgetary estimates, and has grouped them into three major cate-
gories of national concern: national security, rational development, 
and the Arctic as a natural laboratory. 

Based on current activities and future needs, the Interagency 
Committee, in consultation with the Arctic Research Commission, 
the Governor of the State of Alaska, the Arctic residents, the 
private sector, and public interest groups, prepared a comprehen-
sive plan for the overall Federal effort in Arctic research. This U.S. 
Arctic Research Plan was transmitted to the President on June 23, 
1987. The President sent the Plan to Congress on July 31, 1987. 

The mandated biennial revision of the Plan is scheduled for 
submission to the President in July 1989 and will describe several 
interagency cooperative programs on sea/ice ecosystem and land/ 
atmosphere interactions. The Arctic Research Commission contin-
ues to issue annual and special reports containing guidance and 
recommendations to agencies. 

Table J-5 provides a summary of Federal support for Arctic 
research integrated by major category. These estimates are sub-
sumed within agency totals for the conduct of research and devel-
opment. 

Table J-5. FEDERAL SUPPORT FOR ARCTIC RESEARCH 1 

(Obligations in thousands of dollars) 

Category 1988 
actual 

1989 
estimate 

1990 
estimate 

National security 23,856 
33,246 
41,554 

22,420 
32,507 
42,142 

21,690 
32,342 
43,682 

Rational development 
23,856 
33,246 
41,554 

22,420 
32,507 
42,142 

21,690 
32,342 
43,682 Natural laboratory 

23,856 
33,246 
41,554 

22,420 
32,507 
42,142 

21,690 
32,342 
43,682 

Total 98,656 97,069 97,714 98,656 97,069 97,714 

1 Includes the Departments of Defense, Energy, Health and Human Services, Interior, Commerce, Agriculture, and Transportation, the National 
Science Foundation, the National Aeronautics and Space Administration, the Environmental Protection Agency, and the Smithsonian Institution. 

GLOBAL CHANGE 

Studies of changes in the earth system such as desertification, 
drought, volcanism, global warming, and loss of biological diversity, 
are all part of the broad research activity known as global change. 
Many of these changes can have tremendous impact on human 
welfare. The relative contributions of human activity and natural 
phenomena to global change are, at present, scientifically un-
known. Improving the ability to monitor, understand, and predict 
global change, whether natural or manmade, is essential if the 
Nation is to have a sound basis for developing and implementing 
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policies and response strategies to deal with global change issues. A 
crucial part of this effort is an effective and well-coordinated Fed-
eral research program. 

The Federal Coordinating Council for Science, Engineering and 
Technology, through its Committee on Earth Sciences (CES), has 
developed such a strategy for research in global change. The 
budget for activities focused specifically on global change is pro-
posed to increase from $134 million in 1989 to $191 million in 1990. 

The CES global change research strategy is outlined in the 
report, "Our Changing Planet: A U.S. Strategy for Global Change 
Research", which accompanies the 1990 budget. This strategy pro-
vides the foundation for the comprehensive interagency research 
plan to be completed in 1989. The U.S. Global Change Research 
Program is divided into the following seven interdisciplinary sci-
ence elements: 

• biogeochemical dynamics 
• ecological systems and dynamics 
• climate and hydrologic system 
• human interactions 
• earth system history 
• solid earth processes 
• solar influences 

The global change research program's goals, objectives, and strat-
egy are consistent with both national and international global 
change planning efforts, including the National Academy of Sci-
ences' Committee on Global Change, and the International Council 
of Scientific Unions' International Geosphere-Biosphere Pro-
gramme. 

Table J-6. FEDERAL SUPPORT FOR RESEARCH FOCUSED ON GLOBAL CHANGE 

(Obligations in millions of dollars) 

Department or Agency 1989 
estimate 

1990 
estimate 

39.2 53.5 
20.2 27.2 
18.3 22.7 
14.5 21.5 
27.4 35.3 
9.0 20.0 
5.3 10.3 

133.9 190.5 

National Science Foundation 
Energy 
Agriculture 
National Aeronautics and Space Administration 
Environmental Protection Agency 
Commerce (National Oceanic and Atmospheric Administration) 
Interior (United States Geologic Survey) 

Total 

SUPERCONDUCTIVITY, SEMICONDUCTORS, AND FIBER OPTICS 

The past two years have seen a revolution in research on the 
phenomenon of superconductivity—the ability of materials to con-
duct electricity with no loss of energy due to resistance. For dec-
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ades, demonstration and application of superconductivity had been 
strictly limited to metallic compounds at temperatures near abso-
lute zero (-458° F). 

Recent breakthroughs have demonstrated that certain classes of 
mixed metal oxides exhibited superconductivity at much higher 
temperatures (-280° F). 

In the summer of 1987, the President announced a Superconduc-
tivity Initiative designed to foster high-temperature superconducti-
vity research and to help fundamental discoveries in superconducti-
vity (and other fields) move more rapidly into the economy. In 
1988, legislation was enacted that provided a statutory basis for 
many elements of the Administration's superconductivity initia-
tive. 

Over the last two years, Federal support for both low- and high-
temperature superconductivity research has enjoyed significant 
funding increases. Funding increased by 56 percent from 1988 to 
1989, from $162 million to $252 million. For 1990, the budget pro-
poses $287 million, an additional 14 percent increase, for supercon-
ductivity research supported by five agencies: the Departments of 
Energy, and Defense, the National Aeronautics and Space Adminis-
tration, the National Science Foundation, and the National Insti-
tute of Standards and Technology of the Department of Commerce. 

Research in two other areas—semiconductors and fiber optics— 
is also supported primarily by these same agencies. For 1990, Fed-
eral funding for these areas is estimated at $455 million. For all 
three areas, superconductors, semiconductors, and fiber optics, the 
Omnibus Trade Act of 1988 (Public Law 100-418) requires the 
President to submit to Congress a technology review that discusses 
each of these areas. The Department of Commerce will be responsi-
ble for preparing this review. 

Table J-7. FEDERAL SUPPORT FOR SUPERCONDUCTIVITY 

(Obligations in millions of dollars) 

Department or Agency 1988 
actual 

1989 
estimate 

1990 
estimate 

Energy 69 
65 
20 
4 
3 

137 
80 
26 

6 
3 

163 
85 
29 

6 
4 

Defense 
69 
65 
20 
4 
3 

137 
80 
26 

6 
3 

163 
85 
29 

6 
4 

National Science Foundation 

69 
65 
20 
4 
3 

137 
80 
26 

6 
3 

163 
85 
29 

6 
4 

National Aeronautics and Space Administration 
Commerce 

69 
65 
20 
4 
3 

137 
80 
26 

6 
3 

163 
85 
29 

6 
4 

Total 162 252 287 162 252 287 

TECHNOLOGY TRANSFER 

Technology transfer, as discussed in this section, includes only 
activities or programs designed specifically to make research and 
technology developed in Federal laboratories available to entities 
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outside the Federal Government. Examples might include: specific 
cooperative R&D between industry and government; technology 
information, dissemination, or outreach programs, and programs to 
encourage or promote the exchange of scientists and engineers 
between industry, government and universities. 

It must be noted however, that other Federal R&D activities also 
result in significant technology transfer, e.g., the transfer of knowl-
edge and research results that occurs when federally-supported 
R&D is published in the open scientific literature, or is performed 
by commercial firms which may then use this knowledge for their 
own purposes. Considered in this more general context, the majori-
ty of federally-supported R&D also supports "technology transfer". 

The Technology Transfer Act of 1986 (Public Law 99-502) provid-
ed authority for all agencies to enter into cooperative R&D agree-
ments with both Federal and non-Federal partners. The Act also 
provided for the payment of cash awards to federally-employed 
inventors for inventions, innovations or other activities that pro-
mote technology transfer. 

For 1990, it is estimated that Federal agencies will spend $510 
million for activities specifically aimed at technology transfer. 
Some examples of these activities include: 

• NASA's centralized software clearinghouse, COSMIC, which 
sells or leases NASA-developed computer programs for com-
mercial and governmental use. 

• the establishment of separate offices at each of the major 
research facilities of the Department of Energy designed to 
improve the transfer of technologies developed at the DOE 
laboratories. 

• the programs of the Office of Technology Transfer of the 
Bureau of Mines of the Department of the Interior aimed at 
improving the success ratios of research results transferred to 
the public. 

Table J-8. FEDERAL SUPPORT FOR TECHNOLOGY TRANSFER ACTIVITIES 1 

(Obligations in millions of dollars) 

Department or Agency 1988 
actual 

1989 
estimate 

1990 
estimate 

Health and Human Services 352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

Energy 
352 

26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

National Aeronautics and Space Administration 
Agriculture 

352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

Commerce 

352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

Tennessee Valley Authority 

352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

Defense 

352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 All other1 

352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

Total 

352 
26 
19 
14 
12 
11 
9 

13 

375 
27 
19 
15 
15 
11 
9 

15 

393 
29 
27 
15 

8 
12 
10 
16 

Total 456 487 510 456 487 510 

1 Includes the Departments of Transportation, Housing and Urban Development, and Interior, the Corps of Engineers, and the Environmental 
Protection Agency. 
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Table J-10. TRENDS IN CONDUCT OF R&D 
(Obligations in billions of dollars) 

Year Defense 1 All other Total Basic 
research 2 

1960 6.1 1.5 7.6 0.6 
1961 7.0 2.1 9.1 0.8 
1962 7.2 3.1 10.3 1.0 
1963 7.8 4.7 12.5 1.2 
1964 7.8 6.4 14.2 1.3 
1965 7.3 7.3 14.6 1.4 
1966 7.5 7.8 15.3 1.6 
1967 8.6 7.9 16.5 1.8 
1968 8.3 7.6 15.9 1.8 
1969 8.4 7.2 15.6 1.9 
1970 8.0 7.3 15.3 1.9 
1971 8.1 7.4 15.5 2.0 
1972 8.9 7.6 16.5 2.2 
1973 9.0 7.8 16.8 2.2 
1974 9.0 8.4 17.4 2.4 
1975 9.7 9.3 19.0 2.6 
1976 10.4 10.4 20.8 2.8 
1977 11.9 11.6 23.5 3.3 
1978 12.6 13.2 25.8 3.7 
1979 13.6 14.5 28.1 4.2 
1980 15.1 14.7 29.8 4.7 
1981 17.8 15.3 33.1 5.0 
1982 22.1 14.3 36.4 5.5 
1983 24.5 13.9 38.4 6.4 
1984 28.3 14.9 43.2 7.0 
1985 33.4 16.1 49.5 7.8 
1986 36.5 16.2 52.6 8.1 
1987 38.4 17.6 56.1 9.0 
1988 39.5 19.3 58.8 9.5 
1989 (estimate) 41.3 21.7 63.0 10.5 
1990 (estimate) 44.0 23.3 67.3 11.2 

1 Includes military-related programs of the Departments of Defense and Energy. 
2 Included in totals for conduct of R&D. 
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