
SPECIAL ANALYSIS O

FEDERAL RESEARCH AND DEVELOPMENT PROGRAMS

Federal funds for research and development will increase by 9%
from 1974 to 1975 reflecting recognition of the larger potential con-
tribution of science and technology to the solution of critical national
problems. This is particularly true in the case of energy, where the
1975 budget reflects a substantial increase in research and develop-
ment.

In addition to energy, the 1975 funds provide for the research and
development needed to:

—maintain the deterrent capabilities of strategic military forces
and improve the readiness and combat capabilities of general
purpose forces;

—maintain a balanced space program that advances space science
and the practical application of space technology; and

—respond to other pressing societal needs such as health, trans-
portation, environment, natural hazards, drug abuse, and crime
prevention.

Estimated Federal obligations for the conduct of research and
development are shown in table 0—1. Total obligations will increase
by $1.9 billion to $19.8 billion. Civilian research and development
will increase by 21% in 1975. Defense research and development obli-
gations will increase by about 10%. Space related research and devel-
opment will continue close to the 1974 funding level.

Table 0-1. THE OVERALL FEDERAL R. & D. OUTLOOK

(obligations for conduct of R. & D. in billions of dollars)

1973 1974 1975
actual estimate estimate

Defense, including AEC military related programs 9.0 9.3 10.2
Space program * 2.6 2.8 2.6
Civilian programs 5.2 5.8 7.0

Total 16.8 17.9 19.8

1 Includes all NASA programs except those dealing with aeronautical research, communications
and environmental satellites, earth observations, and technology utilization which are included
under civilian programs.
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220 THE BUDGET FOR FISCAL YEAR 1975

The long-term trends of the Federal research and development
(R. & D.) effort is shown in the following chart.

Conduct of Research and Development— Obli3ations
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Federal funds for research and development in the 1975 budget
reflect an investment on priority national needs, ranging from national
defense to energy to cures for diseases. Attention also is being directed
toward a balanced program of research and development which not
only emphasizes short-term needs but also invests in areas of longer
term importance such as basic research. This balance particularly
recognizes a reluctance of industry to support basic research where
benefits are not easily capturable by individual companies. Therefore,
support by the Federal Government is particularly important in such
areas of research.

There continues to be a growing awareness among Federal agencies
that the effectiveness of an R. & D. program is often limited by institu-
tional barriers to utilizing the results of R. & D. Thus, increased
attention is being devoted by a number of agencies—including Agri-
culture; Health, Education, and Welfare; Environmental Protection
Agency; National Science Foundation; and the Department of Com-
merce—to efforts which speed up the utilization of federally sponsored
research and technology.

Non-Federal investment in R. & D. in 1975 is estimated to be about
$16 billion or 45% of the total national investment of about $36 billion
for the year. The partnership between the Federal Government and
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SPECIAL ANALYSES 221

industry, State and local government, and other investors in science
and technology is an important one. It has contributed to a vigorous
economy through agricultural and industrial productivity, to national
security, and to some of mankind's greatest scientific and technological
achievements such as the exploration of the Moon and the abolition
of many diseases. The 1975 Federal budget recognizes that difficult
challenges facing the American people require the continued partner-
ship of the Federal and other public and private sector programs in
research and development.

AGENCY RESEARCH AND DEVELOPMENT PROGRAMS

More than 99% of research and development activities of the
Federal Government are performed by 13 major departments or
agencies. The following table (0-2) summarizes both obligations and
expenditures for conduct of research and development by these
agencies. Only a part of the budget increase for new energy R. & D.
initiatives is reflected in the budget of the Federal departments and
agencies shown in the analysis that follows. An additional $777 million
in obligations and $461 million in expenditures for acceleration of
energy research and development and related activities (included in
table 0-1 and in the long-term trends shown in the chart) do not
appear in any of the tables that follow. The additional funding will be
the subject of a later separate submission amending the 1975 budget.

Table 0-2. CONDUCT OF RESEARCH AND DEVELOPMENT

(in millions of dollars)

Obligations Expenditures
Department or agency

1973 1974 1975 1973 1974 1975
actual estimate estimate actual estimate est imate

Defense—Military functions 8,382 8,573 9,581 8,417 8,676 9,201
National Aeronautics and Space Ad-

ministration 3,085 3,309 3,122 3,271 3,104 3,173
Health, Education, and Welfare 1,844 2,332 2,228 1,791 2,191 2,354
Atomic Energy Commission 1,361 1,429 1,586 1,361 1,429 1,586
National Science Foundation 480 530 549 428 460 498
Transportation 311 358 396 312 342 364
Agriculture 371 393 412 349 389 416
Interior 254 287 345 235 282 317
Commerce 191 210 266 179 192 233
Environmental Protection Agency 181 174 150 145 180 186
Veterans Administration 74 85 94 75 85 94
Housing and Urban Development 58 65 70 48 58 67
Justice 35 52 56 24 46 56
All other 176 132 128 150 151 125

Total, conduct of research and
development1 16,802 17,930 18,934 16,784 17,585 18,669

Total, conduct of research 6,478 7,287 7,325 6,428 6,971 7,333
Total, conduct of develop-

ment 10,324 10,643 11,660 10,356 10,613 11,335

1 Details in this and other tables may not add to totals due to rounding.
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2 2 2 THE BUDGET FOR FISCAL YEAR 1975

Table 0-3 identifies funding by major agency for new construction
or renovation of research and development facilities and for the
acquisition of major items of equipment. Funding for facilities gener-
ally parallels program levels for the conduct of research and develop-
ment but the acquisition of individual large facilities may cause the
overall obligations and expenditures for this purpose to fluctuate more
markedly. For example, completion of the funding of the Environ-
mental Protection Agency research laboratory in Cincinnati, Ohio, in
1974 accounts for a drop in obligations to zero in 1975 for that agency.

Table 0-3. RESEARCH AND DEVELOPMENT FACILITIES (in millions of dollars) 1

Obligations Expenditures
Department or agency

1973 1974 1975 1973 1974 1975
ctual estimate estimate actual estimate estimate

Atomic Energy Commission 349
Defense—Military functions 146
National Aeronautics and Space Ad-

ministration 69
Transportation 38
National Science Foundation 57
Health, Education, and Welfare 43
Interior 26
Commerce 8
Envii onmental Protection Agency 23
Agriculture 3
All other 15

387
201

132
32
39
71
88
12
13
11
24

411
189

156
20
49
33
55
11

8
25

262
157

45
25
43
49
16
6
3
9
10

385
175

75
30
43
72
53
10
9
10
11

432
168

102
22
50
80
49
12
16
10
32

Total, facilities 776 1,010 958 624 894 974

1 Does not include 1975 estimates for all additional facilities related to the accelerated energy
research and development program.

In the sections that follow the thrust and content of the R. & D.
programs, including facilities, of each of the major agencies are
discussed.

DEPARTMENT OF DEFENSE—MILITARY

Department of Defense obligations for research and development,
including construction of R. & D. facilities and the cost of associated
military personnel, will increase by $996 million over the 1974 level
(which includes a supplemental request of $103 million) reaching a
total of $9,770 million. Obligations for the conduct of research will
increase by $75 million to a level of $1,862 million. Obligations for
development programs and for the operation of test and evaluation
facilities will increase by $934 million to a level of $7,720 million.

Both the 1974 supplemental and 1975 budget request provides for
acceleration of R. & D. effort to exploit lessons learned from the recent
Mideast conflict and increase force readiness, particularly in the areas
of air defense suppression, combat mobility, weapons delivery, and
ship defense against missiles and other weapons. In 1975, there are
significant increases to improve both strategic and tactical force
capabilities and to strengthen underlying technology efforts.
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In the strategic area, the Trident submarine and missile system, and
the B-l advanced manned strategic bomber both receive increased
support. In addition, a number of programs will be initiated to give
the United States the option to produce new and more capable
strategic systems, should they be required. These include more
accurate missile guidance systems, higher yield warheads, and a new
standoff cruise missile for air launched delivery. Efforts will begin
on a small-size strategic submarine. Later decisions to produce and
deploy these weapons will depend on the outcome of ongoing SALT
negotiations.

Major tactical systems receiving increases include the Aegis antimis-
sile fleet defense system for the protection of carrier forces against mis-
sile attacks, the Airborne Warning and Control System to improve the
command, control, and warning capabilities of our tactical air forces,
and a new attack helicopter and tank to improve our ground ca-
pabilities. The Air Force will enter engineering development of a new
combat fighter and the Navy will initiate a new fighter program.
These fighter aircraft programs will provide lower cost alternatives
for the modernization of tactical air forces.

Increases will also be provided for key technologies that are essential
for the development of more capable and efficient military systems
and that will allow quick response to changing threats. Lasers, guid-
ance technology, and reconnaissance technology are examples.

The Department of Defense will continue to pursue management
approaches such as design-to-cost aimed at increasing the efficiency
and effectiveness of its R. & D. effort.

Table 0-4. DEPARTMENT OF DEFENSE—MILITARY RESEARCH AND
DEVELOPMENT (in millions of dollars)

Conduct of research and development:
Research, development, test, and evaluation:

Military sciences __
Aircraft and related equipment _ _
Missiles and related equipment _ _ _
Military astronautics and related equipment-. __
Ships, small craft, and related equipment _
Ordnance, combat vehicles, and related equipment- _
Other equipment
Programwide management and support _ _ _

Other appropriations

Total, conduct of research and development, obligations.

Total, conduct of research, included above
Total, conduct of development, included above _ _

Research and development facilities, obligations

Total obligations 8,528 8,774 9,770

1973
actual

457
1,881
2,141

421
634
381

1,548
525
394

8,382

1,750
6,632

146

1974
estimate

426
1,658
2,112

594
633
460

1,687
592
411

8,573

1,787
6,786

201

1975
estimate

431
1,832
2,340

525
726
512

2,090
712
413

9,581

1,862
7,720
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224 THE BUDGET FOR FISCAL YEAR 19 75

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The 1975 NASA budget—which is classified entirely as research and
development—provides for a continuing balanced effort among pro-
grams in manned space flight, space science, applications, and aero-
nautics. The decrease in obligations in 1975, in some areas, compared
with those in 1974, represents delayed obligations of 1973 budget
authority in 1974.

The funds in the NASA budget for 1975 are tied to the support of a
number of near and longer term space projects. Following the Skylab
experimental space station in 1974, the next mission in manned space
flight will be the Apollo-Soyuz test project to rendezvous and dock
U.S. and U.S.S.K. spacecraft in 1975. The Space Shuttle will be
developed through the 1970's. It will greatly enhance the flexibility
and reduce the cost of space operations by permitting recovery of
satellites for refurbishment and reuse, repair of satellites in-orbit, and
reuse of launch vehicles.

The main thrust in the space sciences program will be the explo-
ration of the solar system with the two Viking unmanned orbiter/
lander spacecraft scheduled for launch to Mars in 1975 and two
Mariner spacecraft for the Jupiter-Saturn flyby mission scheduled
for launch in 1977. A Pioneer spacecraft recently completed the
photographic examination of Jupiter in a flyby of that planet, and
another is en route. A spacecraft is on the way to Venus and Mercury;
and Venus orbiters and probes are being initiated. Development will
continue on the Orbiting Solar Observatory to study the sun and on
the High Energy Astronomy Observatory to study celestial X-ray
and gamma-ray sources and cosmic rays.

In the space applications program research and development will
continue on a new generation of weather satellites to provide major
improvements in weather forecasting. A satellite to demonstrate
techniques of monitoring the earth's pollution from space will be
developed. In addition, the survey of the earth's resources (e.g., water
and land use) will continue with the launch and operation of the
second Earth Resources Technology wSatellite. Two new missions in
the applications program are being initiated in 1975. One mission will
locate geothermal sites which are potential sources of energy, and the
other mission will study the oceans from space.

Aeronautical research and technology will emphasize ways to
reduce engine noise of existing aircraft and to improve the perform-
ance, reduce the energy requirements, and mitigate undesirable envi-
ronmental effects of civil and military aircraft. Work is in progress on
clean, quiet, efficient propulsion systems for short takeoff and landing
aircraft. Similar technological advances are being pursued on con-
ventional takeoff and landing aircraft including current narrow-
body civil jet transports.
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1,136
662
205
82
151
252
111

3,210
79

3,289
3,154

1,056
588
175
69
168
249
745

3,050
101

3,151
3,442

1,125
540
184
75
166
256
750

3,096
151

3,247
3,278

Table 0-5. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION-
RESEARCH AND DEVELOPMENT (in millions of dollars)

1973 1974 1975
actual estimate estimate

Conduct of research and development:
Manned space flight
Space sciences
Space applications
Space and nuclear research and technology
Aeronautical research and technology
Supporting activities
Research and program management

Total, conduct of research and development, budget plan _
Research and development facilities, budget plan

Total, research and development, budget plan
Total, research and development, obligations

HEALTH, EDUCATION, AND WELFARE

The Federal Government remains the principal source of financial
support for biomedical research in the United States, providing almost
two-thirds of all the research funds. The largest single agency support-
ing medical research is the Department of Health, Education, and
Welfare (HEW) through the National Institutes of Health (NTH).

Biomedical research and development supported by NIH will
continue the trend of the last several years. Expenditures for 1975 will
increase by $140 million from $1,643 million in 1974 to $1,783 million
in 1975. The funds will support research into diseases affecting human
health, including cancer, heart and lung diseases, sickle cell anemia,
aging, and venereal disease. Preventive health care research is being
pursued through investigation into infant and child health, new
approaches to drug treatment, new pharmacological agents for the
treatment and prevention of addiction and on the general epidemiology
of the drug problem; new ways to treat, control, and prevent alco-
holism and alcohol abuse; basic and chemical research on the multiple
causes of alcoholism; and development of new knowledge and ap-
proaches to the causes, diagnosis, treatment and prevention of mental
illness.

Additional preventive health care research and development is
being pursued through funding of demonstrations of health mainte-
nance organizations, family planning, and emergency medical systems.

Social services research will investigate the causes and possible
means of remedying poverty, the results of various income main-
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2 2 6 THE BUDGET FOR FISCAL YEAR 19 75

tenance efforts, redistributive effects of social security benefits, and
the effects of various methods of health insurance financing on eco-
nomic security. Research on vocational education and education for
the handicapped is being pursued by the Office of Education, white
under the National Institute of Education, research endeavors involve
learning for the disadvantaged, reading career education, educational
technology, alternative financing for education (education vouchers),
and experimental schools. Table 0-6 exhibits the departmental ex-
penditures by agency, and reflects a recent reorganization within
HEW.

While the program level of R. & D. in the Department, particularly
for the NIH, appears to decline from 1974 as reflected in the lower
level of obligations in 1975, the 1974 obligations represent, in part,
delayed obligation of 1973 budget authority. Expenditures—which
reflect the actual impact of Federal research funding—rise markedly
from 1974 to 1975.

Table 0-6. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE-
RESEARCH AND DEVELOPMENT (in millions of dollars)

Obligations Expenditures

1973 1974 1975 1973 1974 1975
actual estimate estimate actual estimate estimate

Conduct of research and develop-
ment:

National Institutes of Health. _. 1,338 1, 745 1, 662 1,327 1,643 1,783
Alcohol, Drug Abuse, and Mental

Health Administration 122 157
National Institute of Education, _ 107 101
Health Resources Administration- 53 61
Office of Education 58 55
Social and Rehabilitation Service. 53 50
Food and Drug Administration... 30 35
Center for Disease Control 33 38
Social Security Administration 18 25
Office of the Secretary 21
Assistant Secretary for Human

Development 12 15
Health Services Administration.__ 12 12
Assistant Secretary for Health 8 16

129
130
71

2 15
i 33
38
34
27
134

*24
12
18

112
36
51
94
63
23
34
18

9
12
11

132
96
48
61
66
33
37
25
15

12
13
11

132
114
63

251
M7
38
32
27

1 23

M7
13
14

Total, research and develop-
ment 1,844 2,332 2,228 1,791 2,191 2,354

1 Reflects the transfer of certain research functions from the Social and Rehabilitation Service to
the Assistant Secretary for Human Development and the Office of the Secretary.

2 Reflects the transfer of certain research functions to revenue sharing account*.
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ATOMIC ENERGY COMMISSION

Research and development by the Atomic Energy Commission will
increase from $1,429 million in 1974 to $1,586 million in 1975. Obliga-
tions for related construction and equipment will total $411 million
in 1975, as compared to $387 million in 1974. The additional funds,
in the main, will be used to accelerate energy research in response to
the pressing energy needs of the Nation. Further increases from funds
for acceleration of the Federal energy R. & D. effort will further
augment the total AEC program in 1975.

AEC's top priority civilian program continues to be the develop-
ment of an economic Liquid Metal Fast Breeder Reactor (LMFBR).
This program will be strengthened in 1975. On July 25, 1973, AEC
entered into contracts with Commonwealth Edison Co. of Chicago, the
Tennessee Valley Authority, and two not-for-profit corporations, the
Breeder Reactor Corp. and the Project Management Corp. for a
cooperative endeavor to design, construct, and operate the Nation's
first demonstration LMFBR power plant. Funds for the develop-
ment of the High Temperature Gas Reactor will also be increased and
R. & D. will be continued on the Light Water Breeder Reactor, the
Gas Cooled Fast Breeder Reactor, and the Molten Salt Breeder
Reactor.

Increased emphasis will be placed on the controlled thermonuclear
fusion research program. It seeks to develop a new energy source
based on the nuclear fusion process that may provide a basis for a
long range solution to the Nation's energy problem.

AEC's research program includes investigations in the physical
sciences to develop a fundamental understanding of the properties
and behavior of both matter and energy; studies in the biomedical
and environmental sciences of the effects of energy production on
living systems in order to assess, evaluate, and control environment;
and research related to weapons technology and detection techniques.

AEC's development programs include design and testing of nuclear
weapons, process development in support of nuclear material produc-
tion activities, development of techniques and facilities for long-term
storage of radioactive wastes, and the development of advanced
reactors for power and propulsion.

The AEC budget for construction of research and development
facilities in 1975 provides for obligations of $266 million, which is
$15 million more than the 1974 level. Included in the 1975 amount
is $132 million for continued construction of the Fast Flux Test
Facility in support of the LMFBR program; $12 million for com-
pletion of construction of a facility for development and testing of a
new prototype nuclear propulsion plant in support of the naval reactor
program; and $8 million for construction of heavy ion facilities to
support research under the physical research program.
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2 2 8 THE BUDGET FOR FISCAL YEAR 1975

Table 0-7. ATOMIC ENERGY COMMISSION—RESEARCH AND
DEVELOPMENT * (obligations in millions of dollars)

Conduct of research and development:
National security:

Weapons research
Weapons development and testing
Naval reactor development
Waste management

Total, national security

Energy:
Reactor research and development
Controlled thermonuclear research
Nuclear materials (production)
Applied energy technology
Other programs
Reactor safety research

Total, energy

Physical research
Biomedical and environmental research.
Space nuclear systems

Total, conduct of research and development
Research and development facilities

Total, research and development 1, 710 1, 816 1, 997

1 Does not include added funds for research and development or facilities, that are part of the
funds for further acceleration of the Federal energy R. & D. effort.

NATIONAL SCIENCE FOUNDATION

National Science Foundation obligations for research and de-
velopment and related facilities will increase from $569 in 1974 to $598
in 1975. These increases reflect the Administration's support for scien-
tific research to provide the fundamental knowledge necessary for
economic growth and long-range solutions of problems of national
concern. The main problem areas addressed by much of the NSF
research include energy, environment and productivity.

In 1975, NSF will expand significantly its support for energy
related research as a part of the President's accelerated program of
energy R. & D. Further increases for acceleration of the Federal
energy E. & D. effort will augment the total NSF energy program in

1973

61
394
149
6

610

256
37
33
10
9
34

379

241
93
39

373

1,362
348

1974

58
383
154
12

607

290
53
40
15
9
41

448

250
98
26

374

1,429
387

1975

59
393
162
17

631

350
82
44
12
12
48

548

268
112
27

407

1,586
411
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1975. The NSF will strengthen its funding of fundamental research
to provide better understanding of a wide range of energy problems
leading to the development of new materials, techniques, and processes
for energy systems. Basic and applied studies in solar and geothermal
energy will result in the near future in the design and testing of systems
for heating and cooling buildings and for commercial utilization of
geothermaT energy. Selected advanced research will be pursued on
unconventional energy sources and alternative energy systems, e.g.,
photovoltaic and bioconversion systems.

Support of fundamental research will increase by $34 million to
$325 million. This research—though broadly based—will emphasize
such areas as catalysis, industrial processes, biological pest control,
plate tectonics, and atmospheric physics. Under its support of major
research facilities, the Foundation will provide $13 million for accel-
erated construction of the Very Large Array radio astronomy facility
begun in 1973.

In addition to the substantial energy program, the Research Ap-
plied to National Needs Program will continue its efforts in environ-
mental systems, earthquake engineering, technology assessment and
improving productivity in industry and the public sector.

Under its national programs the Foundation provides the manage-
ment capability for operating large national facilities such as the
National Center for Atmospheric Research and the academic oceano-
graphic fleet as well as organizing and managing large research pro-
grams, such as the International Decade of Ocean Exploration or the
Antarctic Research Program. These national programs will continue
to emphasize environmental research (earth, atmospheric and ocean
sciences) to improve our knowledge of how to better manage the
environment.

DEPARTMENT OF TRANSPORTATION

The research and development obligations for the Department of
Transportation, including facilities, have grown rapidly from $130
million in 1969 to $390 million in 1974 and are projected at $417
million for 1975.

The obligation level for 1975 provides funding for maintaining the
thrust of transportation research to solve the near term transportation
problems facing the Nation, as well as providing funding for tech-
nology development which may be needed for future transportation
systems. Transportation alternatives are being better defined and
tradeoffs are being evaluated so that our near-term problems of energy
conservation, urban mobility, environmental protection and improved
safety will receive urgently needed emphasis and attention.

Urban mass transportation R. & D. in 1975 will emphasize the
development of improved higher capacity, quieter, and low pollution
transit buses, the development of advanced personal rapid transit
(PRT) systems, and the continuation of the mtermodal integration
program designed to encourage low-cost service innovations and
regulatory actions to improve and maximize the use of current urban
transportation systems.
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Highway research funding will continue to strengthen cooperative
programs with State governments to increase highway and pedestrian
safety, reduce the high costs of highway construction and maintenance,
and increase the capacity of highways and roadways through improved
traffic management techniques. Highway traffic safety research in
1975 will emphasize accident investigation and data analysis, vehicle
safety, biomechanics research, and alcohol countermeasures.

Kailroad research will emphasize the solution of industry cost and
freight car management problems, improved freight service, and rail
safety, including tank car improvements.

Air transportation research provides for continued upgrading of the
air traffic control system and for increasing airport and airway
capacity through improved surveillance, communication and landing
aid development, and increased automation of the air traffic function.
Also emphasized are aviation safety, aircraft noise and pollution
abatement activities, the development of ground-based systems to
improve the precision navigation of aircraft, and other air safety
research.

R. & D. in the Coast Guard in 1975 will continue to stress maritime
pollution control systems development, all weather harbor traffic
monitoring, improved aids to navigation, and programs to improve
public safety at sea including recreation boating.

DEPARTMENT OF AGRICULTURE

Obligations of the Department of Agriculture for the conduct of
research and development will increase from $393 million in 1974 to
$412 million in 1975.

Developments during the past year in the supply and demand situa-
tion for food highlight the need for research to support the production
of ample supplies of high quality food and fiber to be marketed at
prices consumers can afford to pay. Efficiency in the use of energy
must be met in agriculture as well as in other industries. New funds
for 1975 will focus on developing new knowledge and technology for
reducing the production costs of red meats; increasing productivity
of oilseeds—especially soybeans; reducing the costs of producing
wheat, feed grains and milk; and minimizing crop losses from disease,
insect and environmental stresses—especially from the standpoint of
vulnerability associated with narrow genetic bases in most of our major
crop varieties.

Increased attention will be given to research on the nutrient com-
position of our foods and the nutrition status and requirements of the
American public.

Improved environmental quality in rural America will be further
pursued through increased research on the control of water erosion
and sedimentation and other facets of agricultural-related pollution.
New studies on nitrogen nutrition of crops will seek to serve the dual
objective of improved efficiency of fertilizer and naturally available
nitrogen and decreased potential for water pollution.
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The Department of Agriculture and cooperating State and private
research organizations will reassess their programs during 1975 to
insure that the United States has the research base for agricultural
preeminence. In addition, new efforts will be made to improve our
ability to forecast agricultural trends to aid in production, marketing,
and price setting decisions. This will include more detailed and com-
plete cattle and swine surveys and new means for drawing upon data
from satellites and other means of remote sensing to survey crop and
natural resource conditions and supplies.

DEPARTMENT OF THE INTERIOR

The Department of Interior undertakes research and development
involving mineral, land, water, fish, and wildlife resources, as well as
geological and energy research and development. Obligations for the
Department of Interior for research and development will show an
increase from $287 million in 1974 to $345 million in 1975. The 1975
amount will be further increased by funds for acceleration of the
Federal energy R. & D. effort and will augment the total Department
of the Interior's energy program this year.

The Department is accelerating its programs for current land-use
mapping in order to speed completion of its long-standing program
of mapping the United States at a scale of 1: 24,000. It is also acceler-
ating its geological and geophysical evaluation and classification
studies of the outer continental shelf and of coal lands in preparation
for advanced leasing schedules. The Department is actively pursuing
the development of safe mining systems that will at the same time
permit maximum recovery of the useful minerals. Programs in metal-
lurgy and ceramics emphasize more efficient processing of raw mate-
rials, the derivation of energy from waste materials, and the develop-
ment of high-temperature, corrosion-resistant materials. Together
with the Department of Agriculture, Interior will continue demonstra-
tion programs in strip mine restoration in 1975.

Land and water resource studies involve investigations into land-
use problems, efforts to improve the quality of the physical environ-
ment, and the promotion of efficient allocation and conservation of
scarce water and water-related resources. Research programs will be
continued to better understand basic principles of hydrology necessary
for the appraisal and evaluation of the Nation's water resources, in-
cluding the effects of underground waste storage. Other research pro-
grams include application of environmental resource data in urban
decisionmaking processes; and the application of satellite-acquired
data in the earth sciences to land and water resource management.

Basic and applied research on principles and processes related to
geologic hazards such as land slides and earthquakes will continue.
The Department's program is enlarged as a result of the consolidation
of Commerce's earthquake program with that of Interior during the
past year.

Increased efforts will be applied to find safe and effective control
methods for managing nuisance bird populations, research on migra-
tory game birds other than waterfowl will be expanded, and studies
of pollution effects on wildlife will be initiated. Research relating to
predator animal damage will be expanded.
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DEPARTMENT OF COMMERCE

Department of Commerce obligations for the conduct of research
and development and facilities will increase by $55 million in 1975,
from $222 million in 1974 to $277 million in 1975. This reflects increases
for the research and development programs of the National Oceanic
and Atmospheric Administration (NOAA), the Maritime Adminis-
tration (MARAD), and the National Bureau of Standards (NBS).

The principal objectives of the research and development programs
in the Department of Commerce are to continue to improve the
Nation's environmental prediction and warning capabilities, develop
technology to improve the competitive position of the U.S. maritime
industry, and encourage technological advancement through improved
performance and measurement standards.

In 1975, NOAA will continue research to help reduce loss of life and
property from natural disasters by improving the detection and track-
ing of weather systems and violent storms, by extending the fore-
casting and data gathering programs, and by exploring the modification
of severe storms.

In the marine sciences, NOAA will conduct biological research
aimed at the conservation, development, and management of
commercial fisheries of the United States. NOAA will also continue
research programs in ocean dumping and in coastal zone manage-
ment, and begin the readjustment of the North American Datum.

The technology development and utilization programs of NBS will
be increased, with emphasis on efforts to develop measurement
methods and standards for energy conservation, the abatement and
control of environmental pollution, the improved reliability and effec-
tiveness of clinical testing laboratories, the technology of radiation
control, and improved Federal management and utilization of com-
puters.

The Maritime Administration will continue to emphasize research
and development to assist the U.S. maritime industry to develop the
technology necessary to improve its international competitive position.
The 1975 emphasis will be on improvements related to ship-building
methods and equipment, nuclear ship propulsion and shipping opera-
tions information systems.

Research to reduce loss of life from fires will be consolidated and
expanded in a new National Bureau of Fire Prevention in the
Department.

ENVIRONMENTAL PROTECTION AGENCY

Environmental Protection Agency (EPA) research and development
in 1975 will continue to emphasize research on human health effects,
ecological effects, measurement methods research, and quality assur-
ance. The expansion of these program areas will strengthen the basis
for standards set by EPA and support the development of effective
control strategies while continuing to identify and evaluate long-range
environmental problems. The accelerated energy research and devel-
opment program for 1975 will include some additional environmental
research and further increase in funds to augment the total EPA
program.
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Air quality research and development efforts will involve expanded
epidemiological and toxicological studies of the effects of pollution on
human health and continued studies of the health effects of combus-
tion products and catalytic reactor emissions. Ecological effects re-
search will include studies of atmospheric chemical and physical
processes of pollutants and continued studies to characterize the com-
bustion products of fuels, fuel additives and catalytic reactor emissions
and their environmental effects. The air measurements technology
program will be expanded to determine compliance with standards
and to provide for the continuous monitoring of stationary sources.
Ongoing demonstrations of stack gas treatment technology will con-
tinue and attention to control of fine particulates will be increased.

Water quality research will emphasize on the development of criteria
for the safe treatment and disposal of effluents and sludges from
municipal and industrial wastewater treatment plants. Work will
continue on the development of criteria for marine and freshwater
fish and aquatic life; further understanding of the eutrophication proc-
ess and lake restoration procedures; and pollution problems of the
Great Lakes. In the area of control technology the major thrust will be
aimed at area pollution control research and improving technology
for existing municipal source control and advanced waste treatment.
Industrial source control program will concentrate on developing
techniques to meet effluent guidelines for critical industries.

Water supply research will focus on the health effects of asbestos in
drinking water with continued support for research to determine the
presence of organics and infectious agents in drinking water in order to
develop criteria for setting standards. Research into the effects of
trace organics, asbestos, nitrates, trace metals and suspended solids,
and their removal will continue.

Pesticides research and development will concentrate on expanding
the health effects program by undertaking inhalation toxicology
studies to assess the significance of respiratory versus dermal exposures
to people handling pesticides, and development of human exposure
data relating to the safe handling of pesticides. Other research will
focus on health effects involving non-ionizing radiation and toxic
substances.

RESEARCH AND DEVELOPMENT IN COLLEGES AND
UNIVERSITIES

An important component of Federal support of science is the level of
funds to universities for research and development. These funds repre-
sent grants and contracts with colleges and universities for research and
development that can contribute to the achievement of agency
missions. The funds are part of the total research and development
efforts of the various agencies as shown above in this analysis. The
1975 budget will provide $2,262 million in expenditures for this pur-
pose, as contrasted with $2,107 million in 1974, and $1,888 million in
1973. These expenditures do not include the support to universities and
colleges that will result from the allocation of the additional 1975 funds
for acceleration of energy research and development and related
research activities. A significant increase in the 1975 expenditure level
for R. & D. at colleges and universities is anticipated as a result.
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While continuing Federal support for basic research on all fronts,
the 1975 budget supports educational institutions in their efforts to
undertake research focused on important national and regional prob-
lems—ranging from studies of the causes of cancer and heart disease to
the problems of industry in improving economic productivity. The
increase in research funding will not only assist in the support of
faculty investigators, but will also provide valuable experience and
training for science and engineering graduate students through employ-
ment on research projects. Obligations and expenditures are shown by
agency in table 0-8.

Table 0-8. RESEARCH AND DEVELOPMENT IN COLLEGES AND
UNIVERSITIES i (in millions of dollars)

Expenditures
Department or agency

1973 1974 1975
actual estimate estimate

Health, Education, and Welfare 937
National Science Foundation 329
Defense—Military functions 218
National Aeronautics and Space Administration 127
Atomic Energy Commission 83
Agriculture 88
All other 106

1,159
339
204
97
84
95
128

1,232
409
203
91
94
99
134

Total 1,888 2,107 2,262

1 Amounts reported in this table are included in the totals for conduct of research and development
in table O—2, and do not include the support to universities and colleges that will result from the
allocation of the additional 1975 funds for accelerated energy research and development and related
research activities.
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FEDERAL RESEARCH AND DEVELOPMENT PROGRAMS

Total Federal obligations for conduct of research and development
(R. & D.) in 1976 will increase by 15% over 1975, and outlays by 11%.
Specific amounts for conduct of R. & D. and for related facilities in
1974,1975, and 1976 are shown in table P- l .

Table P -1 . TOTAL FEDERAL FUNDING FOR CONDUCT OF R. & D . AND

RELATED FACILITIES (in billions of dollars)

Obligations Outlay*

1974 1975 1976 1974 1975 1976

Conduct of R. & D 17.4 18.8 21.6 17.5 18.6 20.7
R. & D. facilities .9 1.0 1.0 .7 .9 1.0

Total 18.3 19.8 22.6 18.2 19.4 21.7

Specific amounts for each of the broad program areas of R. & D
are shown in table P-2.

Table P-2. CONDUCT OF R. & D . BY MAJOR PROGRAM AREA

(obligations in billions of dollars)

Program 1974 1975 1976

Conduct of R. & D:
Defense^ 9.0 9.5 11.4
Space2 2.5 2.7 2.9
Civilian (other than space) 5.9 6.6 7.3

Total3 17.4 18.8 21.6

1 Includes military related programs of the Energy Research and Development Administration—
transferred from the AEC.

2 Includes all NASA programs except aeronautical research, space applications (e.g., pollution
monitoring, communications, earth observations), energy technology application, and technology
utilization, which are classified under civilian programs.

3 These data do not reflect amounts of Federal support for private sector R. & D. through tax
expenditures and allowances to defense and space contractors for independent R. & D. Tax expendi-
tures, discussed by Special Analysis F, are estimated to have grown from about $0.60 billion to $0.65
billion during the period 1974 to 1976. Independent R. & D. allowances are estimated at approximately
$0.4 billion per year during this same period.

• Defense.—Defense R. & D. obligations will increase by 20%
for R. & D. efforts in both strategic and tactical weapons systems.
Major increases include:
—further development of strategic weapons systems, including

the Trident long range ballistic missile and submarine system
and the B-l strategic bomber; and

—development of an advanced tactical air combat fighter for the
Navy and the Air Force.

. 252
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• Space.—The increase of $0.2 billion in R. & D. obligations for
the space program in 1976 will primarily provide for the buildup
in development of the manned space shuttle system which is
designed to enhance operational capabilities and reduce costs of
space operations in the 1980's and beyond.

• Civilian.—While R. & D. funding increases in the civilian area,
totaling $0.8 billion in 1976, will be directed to a number of
pressing needs such as food and transportation, the largest
increase is for continued orderly acceleration in the energy
R. & D. effort.

The 1976 direct energy R. & D. program includes $1,837 million in
obligations and $1,663 million in outlays for conduct of R. & D. and
related facilities. These represent increases of 10% in obligations and
36% in outlays over 1975. The program is designed to accelerate
the development of technologies needed to achieve and maintain a
capability to utilize more fully domestic energy resources within
acceptable environmental and economic costs.

The funds for energy R. & D., shown in table P-3, will support a
broadly based and balanced development effort on technologies for
energy supply, environmental control, and conservation. In addition
to direct energy R. & D., supporting programs will provide essential
basic information on materials, techniques, and fundamental processes
related to energy development, and on environmental impacts of
energy systems.

Table P-3. FEDERAL ENERGY RESEARCH AND DEVELOPMENT PROGRAM
(in millions of dollars)

Obligations Outlays
Program area

1974 1975 1976 1974 1975 1976

435
102
86
942
103

440
123
88

1,102
83

90
19
27
629
58

253
54
54
825
36

380
116
83
991
94

Direct energy R. & D.:
Fossil energy 110
Solar and geothermal 45
Conservation. _ 39
Nuclear energy 756
Environmental control 66

Total direct
Support program:

Environmental effects
Basic research

Total support 313 497 523 275 367 452

Longer term trends in Federal support of K. & D. by major program
area are reflected in figure P- l .

1,016

138
175

1,669

264
233

1,837

273
250

823

120
156

1,222

173
194

1,663

241
211
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Conduct of Research and Development—Oblations

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976
Fiscal Yeats Estimate

Since 1967, civilian R. & D. programs have received the largest in-
crease in Federal funding, growing from obligations of $3.3 billion in
1967 to $7.3 billion in 1976, or 120%. Federal funding for defense re-
lated R. & D. has increased by $2.8 billion or 33% since 1967, while
space R. & D. programs decreased by $1.8 billion or 38%. Thus, the
share of the total Federal R. & D. obligations devoted to civilian pro-
grams has grown from 20% in 1967 to 34% in 1976.
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AGENCY RESEARCH AND DEVELOPMENT PROGRAMS

More than 99% of Federal R. & D. is supported by 14 major
departments or agencies. Table P-4 summarizes obligations and out-
lays for conduct of R. & D. by these agencies.

Table P-4. CONDUCT OF RESEARCH AND DEVELOPMENT BY MAJOR
DEPARTMENTS AND AGENCIES

(in millions of dollars)

Obligations Outlays
Department or agency

1974 1975 1976 1974 1975 1976
actual estimate estimate actual estimate estimate

Defense-Military functions 8,396 8,833 10,608 8,791 8,913 9,997
National Aeronautics and Space Ad-

ministration 3,024 3,327 3,526 3,181 3,107 3,390
Energy Research and Development Ad-

ministration 1.475 1,893 2,346 1,475 1,893 2,346
Health, Education, and Welfare 2,286 2,092 2.285 1,888 2,176 2,223
National Science Foundation 556 619 680 571 573 630
Agriculture 384 428 468 377 428 470
Transportation 370 368 402 328 372 379
Interior 198 303 315 202 259 312
Environmental Protection Agency 177 287 300 163 230 304
Commerce 181 211 230 177 204 220
Veterans Administration 87 102 102 80 96 97
Nuclear Regulatory Commission 44 59 96 42 55 88
Housing and Urban Development 65 58 65 58 56 61
Justice 37 67 45 44 58 45
All other 127 135 134 143 155 138

Total 17,408 18,780 21,602 17,522 18,575 20,698

Total, conduct of research 7,163 7,545 8,256 6,783 7,435 8,188
Total, conduct of development.. 10,245 11,235 13,346 10,739 11,140 12,511

Table P-5 separately aggregates obligations and outlays by major
agency for the construction and renovation of facilities used in the
conduct of R. & D. and for acquisition of major items of equipment.

Table P-5. RESEARCH AND DEVELOPMENT FACILITIES BY MAJOR
DEPARTMENTS AND AGENCIES

(in millions of dollars)

Obligations Outlays
Department or agency

1974 1975 1976 1974 1975 1976
actual estimate estimate actual estimate estimate

Energy Research and Development
Administration 485 468 503 350 427 463

Defense-Military functions 169 228 225 165 183 238
National Aeronautics and Space Ad-

ministration 98 154 105 75 100 108
National Science Foundation 10 17 35 14 14 27
Health, Education, and Welfare. 46 47 30 33 47 45
Transportation... 13 25 14 35 28 24
Agriculture _ 9 16 10 6 12 9
Commerce.. 12 10 6 12 9 4
Environmental Protection Agency 1 6 2 11 12 5
All other. 17 30 28 16 27 31

Total facilities 860 1,001 959 717 862 955
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There is no major change in the overall funding of R. & D. facilities
between 1975 and 1976. However, large single facilities or major equip-
ment acquisitions may cause funding fluctuations from year to year
for individual agencies. This is true, for example, of the relatively large
drop in obligations for NASA in 1976 following the initiation of several
large space shuttle R. & D. facilities in 1975 and the relatively major
increase for the National Science Foundation in 1976 which includes
the one-time procurement of aircraft for the U.S. Antarctic research
program.

Facilities and equipment amounts shown in table P-5 for the
Department of Defense and NASA are somewhat understated because
some items to be funded through R. & D. contracts with industry and
other non-Federal institutions are not included. Such items would be
included in "conduct of R. & D." in table P-4.

The content and major thrusts of the agency programs are described
below.

DEPARTMENT OF DEFENSE—MILITARY

Department of Defense obligations in 1976 for research and devel-
opment, including construction of R. & D. facilities and the cost of
associated military personnel, will increase by $1,772 million over the
1975 level, reaching a total of $10,833 million. Obligations for the
conduct of research will increase by $232 million to a level of $2,011
million, and obligations for development programs will increase by
$1,543 million to a level of $8,596 million.

The increased funding levels will offset the effects of inflation on
development costs of major weapons systems and will permit real
increase in R. & D. effort in both strategic and tactical weapons pro-
grams. In the strategic area, major increases are provided for the
continued development of the Trident long range submarine and
missile system and- the B-l strategic bomber. Efforts will also be
increased on ballistic missile warhead and accuracy improvements
and on options for possible future deployment of a new intercontinental
ballistic missile system for silo or mobile basing. The development of
a strategic cruise missile system which can be launched from either
air or subsurface platforms will continue. In the strategic defensive
area, the site defense of Minuteman program will be reoriented to
emphasize subsystem development and antiballastic missile technology
efforts will be strengthened to guard against technological surprise
and to provide future deployment options if they are needed.

In the tactical forces area a major increase is planned for develop-
ment of an advanced air combat fighter for the Navy and the Air Force.
This program is designed to provide a low cost aircraft system to com-
plement the sophisticated and costly aircraft now being deployed by
our tactical air forces. Increased efforts are also programed by the Army
for attack and utility helicopters, low altitude air defense missile
systems, and counterartillery radars. The Navy will continue to
emphasize antisubmarine warfare and fleet air defense missile systems
and will increase funding for development of antiradiation missiles.
The Air Force will increase development efforts on devices and sys-
tems to enhance its capability to penetrate enemy air defenses.

Increases are also provided for research and technology that are
necessary for improved systems in the future and for rapid response
to changing threats. Lasers, electron device technology, and night
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vision technology are areas receiving increased emphasis. Efforts will
also be directed toward achieving life cycle cost savings in the develop-
ment of future military systems.

Table P-6. DEPARTMENT OF DEFENSE—MILITARY RESEARCH AND
DEVELOPMENT (obligations in millions of dollars)

Purpose and budget title 1974 1975 1976
actual estimate estimate

Conduct of R. & D.:
Research, development, test, and evaluation:

Military sciences 418 424 476
Aircraft and related equipment 1,660 1,621 2,114
Missiles and related equipment 2,071 2,126 2,477
Military astronautics and related equipment 585 524 622
Ships, small craft, and related equipment 648 668 664
Ordnance, combat vehicles, and related equipment 418 469 564
Other equipment 1,612 1,852 2,186
Programwide management and support 584 719 1,072

Other appropriations 401 430 432

Total conduct of R. & D. 8,396 8,833 10,608

Total conduct of research, included above 1,780 1,780 2,011
Total conduct of development, included above 6,616 7,053 8,596

R. & D. facilities 169 228 226

Total 8,565 9,061 10,833

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The 1976 NASA budget—classified entirely as research and devel-
opment provides for continuing programs in manned space flight,
space science, space applications, and aeronautics. The increase in 1976
obligations of $200 million for conduct of R. & D. reflects the
orderly buildup in the development and production of prototype
space shuttles designed to provide for economical manned access to
space in the 1980's.

In manned space flight, the next mission will be the Apollo-Soyuz
test project to rendezvous and dock U.S. and U.S.S.R. spacecraft in
1975, and then the Space Shuttle is planned for initial orbital flight in
1979. Today the United States relies on expendable rockets to launch
Earth orbiting and planetary spacecraft. The shuttle will reduce the
cost of operations in Earth orbit in the 1980's and beyond because it
is reusable and can recover satellites for repair and reuse.

The space science programs emphasize the exploration of the
solar system and the universe using unmanned spacecraft. Two
Pioneer spacecraft recently completed the first photographic examina-
tion of the planet Jupiter. Preparations continue on two Viking
unmanned orbiter/lander spacecraft scheduled for launch to Mars
in 1975 and to start the search for life on that planet in July
1976. Two Mariner spacecraft are being developed for the Jupiter-
Saturn flyby missions scheduled for launch in 1977. An orbiter and
probe spacecraft are being developed to be launched to Venus in
1978 to initiate atmospheric investigation of that heavenly body.
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In addition to these planetary missions, development will continue
in 1976 on spacecraft to conduct high energy and ultraviolet astronomy
from earth orbit. The major astronomy emphasis is on the High Energy
Astronomy Observatories to be launched during 1977-79 to study
X-ray, and gamma-ray sources in the Earth's galaxy and distant parts
of the universe.

In the space applications program, NASA is launching, early in
1975, a second Earth resources technology satellite (LANDSAT)
to continue experiments on the utility of space gathered information
for agricultural, geologic, and other applications. Funds also are pro-
vided in the 1976 budget for a third Earth resources technology satel-
lite. Development is proceeding on a new generation of satellites,
Tiros-N, to provide major improvements in weather forecasting, the
first of which will be launched in 1977. Work is continuing on a space-
craft, Heat Capacity Mapping Mission, to be launched in 1977 to
locate and map potential sources of geothermal energy. A new satellite,
Nimbus-G, is being developed for launch in 1978 to demonstrate the
capability of monitoring worldwide pollution from space. An addi-
tional satellite, Seasat-A, is being developed to be orbited in 1978 to
monitor ocean conditions.

Aeronautical research and technology will continue to emphasize
ways to reduce engine noise of existing aircraft and to improve the
performance, reduce the energy requirements, and mitigate undesirable
environmental effects of civil and military aircraft. Work will con-
tinue on clean, quiet, efficient propulsion systems for short takeoff
and landing aircraft.

Table P-7. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION-
RESEARCH AND DEVELOPMENT (in millions of dollars)

Program and type of activity 1974 1975 1976
actual estimate estimate

Conduct of R. & D.:
Manned space flight 1,000 1,110 1,415
Space sciences... 650 535 571
Space applications 175 182 187
Space and nuclear research and technology 66 71 75
Aeronautical research and technology 168 166 175
Energy programs.. 4 6
Supporting activities 252 254 250
Research and program management 744 765 776

Total conduct of R. & D. budget plan
R. & D. facilities, budget plan

Total budget plan

Conduct of research, obligations
Conduct of development, obligations

Total conduct of R. & D., obligations
R. & D. facilities, obligations

Total obligations 3,122 3,481 3,631

3,055
101

3,156

1,458
1,566

3,024
98

3,089
143

3,231

1,622
1,705

3,327
154

3,454
85

3,539

1,717
1,810

3,526
105
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Funds are also provided in the 1976 budget to develop new tech-
nology for future missions in space science and applications. The areas
of emphasis include improved materials, structures, propulsion,
electric power sources, communications and data handling systems.

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

Obligations of the Energy Research and Development Administra-
tion for conduct of R. & D. will increase from $1,893 million in 1975
to $2,346 in 1976, and obligations for related construction and equip-
ment will total $503 million in 1976. The 1976 budget reflects in-
creased emphasis on energy R. & D. while maintaining continued
support for military R. & D. and other basic and applied research
programs.

In fossil energy development, high priority will continue to be given
to coal liquefaction, gasification, and advanced combustion processes
in order to produce clean and efficient energ}^ from coal. Increased
funds are provided for the development of the means for producing
oil and gas from shale in its underground location, thus eliminating
the environmental problems associated with above-ground processing.
Efforts will continue on developing technologies for enhanced recovery
of oil and gas. Increases also are provided for research on basic coal
science, on advanced processes for clean gaseous and liquid fuels, on
materials for gasification and liquefaction processes, and on the basic
properties of hydrocarbons.

In solar energy, an accelerated research program will be conducted
to establish the economic viability of several important solar applica-
tions such as the heating and cooling of buildings, and wind energy
conversion. In geothermal energy, efforts will be continued to develop
the technological base necessary to stimulate the installation of
substantial electricity generating capacity by the middle of the next
decade. In advanced energy systems, investigations will be conducted
to improve the efficiency of electric generating plants through the use
of magnetohydrodynamics and other advanced power conversion
technologies.

Energy conservation R. & D. will be conducted to improve the
efficiency of electric power transmission, automotive power, and
storage systems. End-use energy conservation studies will be initiated
to develop new technologies for reducing the utilization of energy
particularly in commercial and residential buildings.

In nuclear energy, greater support is provided for the develop-
ment of fusion power technology which has the long-range potential
advantages of plentiful and inexpensive fuel, inherent safety against
nuclear runaway, and minimal environmental impact. In fission reac-
tor development, additional support is provided for the liquid metal
fast breeder reactor. Work on this fission technology will be increas-
ingly oriented to the engineering requirements necessary to achieve
highly reliable, safe, and economic breeder powerplants. In addition,
efforts will be initiated on advanced light water breeder applications as
well as continuing R. & D. on gas cooled and molten salt breeder
reactor concepts. Increased support also is provided for nuclear materials
production technology to provide for process improvements to assure
efficient and safe operations and to develop more economical methods
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of nuclear materials production. Additional funds are provided for
advanced isotope separation technology which has the potential to
reduce the cost of isotopically enriched materials.

In national security, funds will be increased to continue the de-
velopment and testing of nuclear weapons as well as development of
laser fusion technology which has both military and commercial power
applications. In environmental and safety research, increased support
is provided for the study of nuclear and fossil energy environmental
effects, developmental work on long-term management of radioactive
wastes, transportation methods and packaging of radioactive materials.

Basic and applied research programs will be expanded by $205
million over 1975. Increased funding will be devoted to biomedical
and environmental studies of the effects of energy production on
living systems; investigations in the physical sciences; and research
related to weapons technology and detection techniques.

Table P-8. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION-
RESEARCH AND DEVELOPMENT (obligations in millions of dollars)

Program and type of activity 1974 1975 1976
actual estimate estimate

Conduct of R. & D.:
Fossil energy development:

Coal utilization 70 188 289
Petroleum and natural gas 8 17 23
Oil shale 3 3 8

Solar, geothermal, and advanced energy systems development:
Solar energy 4 9 57
Geothermal energy 6 14 28
Advanced energy systems 4 12 23
Physical research 253 281 313

Conservation:
Electric power transmission 2 6 12
Fuel economy 3 10 17
End-use conservation 3

Nuclear energy development:
Fusion power 53 85 120
Fissionpower 272 370 409
Naval reactor development 154 167 186
Space nuclear systems 26 27 31
Nuclear materials 45 51 65
Advanced isotope separation techniques 3 12 24

National security:
Weapons activities 412 443 495
Laserfusion 37 41 54
Nuclear materials security 4 6 11

Environmental and safety research:
Biomedical and environmental research 104 130 153
Waste management and transportation 12 20 25

Total conduct of R. & D 1,475 1,893 2,346

Total conduct of research, included above 470 594 799
Total conduct of development, included above 1,005 1,299 1,547

Research and development facilities 485 468 503

Total 1,960 2,360 2,849
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The ERDA budget for construction of R. & D. facilities in 1976
provides for obligations of $503 million. Included are $103 million for
initial site preparation and for long lead time hardware procurement
associated with the Clinch River breeder reactor demonstration
program; $81 million for continued construction of the fast flux
test facility in support of the liquid metal fast breeder reactor program;
$20 million for design and long-lead procurement for a clean boiler
fuel demonstration plant; $10 million for continued construction of a
high energy laser facility; $12 million to complete construction of the
heavy ion research facilities in support of the physical research pro-
gram; and $8 million to start the design and construction of a Toka-
mak magnetic fusion test reactor for the fusion power research and
development program.

HEALTH, EDUCATION, AND WELFARE

Department of Health, Education, and Welfare (HEW) obliga-
tions in 1976 for the conduct of research and development will increase
by $193 million over the 1975 level, reaching a total of $2,285 million.
Obligations for facilities will be $30 million in 1976.

The largest share of the Department's R. & D. funds are devoted to
the biomedical area where, through the National Institutes of Health
(NIH), the Federal Government continues to provide almost two-
thirds of all U.S. R. & D. funds. R. & D. obligations by NIH for 1976
will increase by $73 million from $1,548 million in 1975 to $1,621 million
in 1976. The funds will support research on diseases affecting human
health, including cancer, heart, and lung diseases, sickle cell anemia,
aging, and venereal disease. Through other HEW components, pre-
ventive health care research is being pursued by investigation into in-
fant and child health, new approaches to drug abuse treatment, new
pharmacological agents for the treatment and prevention of addiction
and on the general epidemiology of the drug problem; new ways to
treat, control, and prevent alcohol abuse; basic and chemical research
on the multiple causes of alcoholism; and development of new knowl-
edge and approaches to the causes, diagnosis, treatment and preven-
tion of mental illness. Additional health services research and develop-
ment is being pursued through funding of demonstrations of health
maintenance organizations, family planning, and emergency medical
systems.

The Office of Education is expanding innovation and development
activities in the areas of vocational education and education of the
handicapped. The National Institute for Education supports research
in the areas of equality of education, essential skills education, edu-
cation and work, dissemination of research information, and school
finance, productivity, organization and management.

Social services research will investigate the causes and possible
means of remedying poverty, the results of various income mainte-
nance efforts, redistributive effects of social security benefits, and the
effects of various methods of health insurance financing on economic
security.

Table P-6 exhibits the departmental obligations and outlays by
agency.
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Table P-9. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE-
RESEARCH AND DEVELOPMENT (in millions of dollars)

Obligations Outlays
Program areas and

organizational units 1974 1975 1976 1974 1975 1976
actual estimate estimate actual estimate estimate

Conduct of R. & D.:
Health, total 2,046

National Institutes of Health 1,730
Alcohol, Drug Abuse, and Mental

Health Administration 155
Food and Drug Administration. __ 44
Center for Disease Control 41
Health Resources Administration. 56
Assistant Secretary for Health 9
Health Services Administration. _ _ 12

Education, total 130
Office of Education 54
National Institute of Education.. 76

Welfare, total 110
Office of Human Development 70
Social Security Administration 19
Office of the Secretary. . . . . 19
Social and Rehabilitation Service. 2

836
548

123
46
39
52
14
13
120
49
70
136
62
33
29
12

1.897
1,621

122
52
45
31
15
12
255
175
80
133
62
30
29
13

1,640
1,389

127
20
36
43
11
12
161
64
97
88
64
19
2
3

1,911
1.636

135
22
41
53
10
13
137
55
82
128
68
33
19
8

1,896
1.622

128
25
44
53
13
12
193
108
84
135
63
30
32
11

Total conduct of R. & D 2,286 2,092 2,285 1,888 2,176 2,223

Conduct of research, included
above 1,872 1,700 1,752 1,516 1,776 1,752

Conduct of development, in-
cluded above 414

R. & D. facilities 46
392
47

533
30

372
33

400
47

472
45

Total 2,332 2,139 2,316 1,921 2,223 2,268

NATIONAL SCIENCE FOUNDATION

National Science Foundation obligations for R. & D. will increase
from $619 million in 1975 to $680 million in 1976. In addition, $35
million will be obligated for facilities in 1976, an increase of $18
million over 1975. A higher level of support for basic science and for
research on selected domestic problems will be provided.

Basic science support will be increased by 13% concentrating
especially in those disciplines which relate most directly to long-term
energy development and economic growth, and those which have
experienced declining support in mission agencies, e.g., physical and
engineering sciences.

Under its national and special research programs and national
research centers, the Foundation supports large national facilities
such as the National Center for Atmospheric Research, four national
astronomy centers, and the academic oceanographic fleet and also
supports integrated research efforts such as the International Decade
of Ocean Exploration and the Antarctic Research Program. These
national and international programs will continue to emphasize
research to improve understanding of the physical environment
(earth, atmospheric, and oceanic species) as a means to improve
management of the environment.
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The $18 million in increased support for facilities will be used to
procure two ski-equipped aircraft for the U.S. Antarctic program.

DEPARTMENT OF AGRICULTURE

Obligations of the Department of Agriculture for the conduct of
research and development will increase from $428 million in 1975 to
$468 million in 1976. Obligations for facilities will be $10 million. The
major thrust of the Department's R. & D. effort will be toward
agricultural productivity: Improving the efficiency of meat animal
production; developing improved forage and rangeland to reduce the
use of grains in red meat production; developing additional vegetable
grains in red meat production; developing additional vegetable
sources of useable proteins; reducing genetic vulnerability to crop
diseases; and reducing food losses during transportation, storage and
marketing.

Increased emphasis also will be placed on protection of soil, water
and forest resources; and increasing the efficiency of energy use in the
agricultural sector of the economy. Environmental research will
include the further development of nonchemical means for controling
agricultural pests, and the development of information required for
the clearance of agricultural pesticides for use in cooperation with
the Environmental Protection Agency.

The Department of Agriculture, in cooperation with State and
private research organizations, will develop a national system de-
signed to improve coordination in the planning, financing, and evalua-
tion of agricultural research. The goal of such a system will be to
increase the overall efficiency and effectiveness of agricultural research.
In addition, new efforts will be made to improve the ability to forecast
agricultural trends to aid in production, marketing, and price setting
decisions. This will include developing methods for obtaining improved
data on the agricultural input, food processing and food marketing
industries, an economic analysis of alternative methods of predator
control, and an expanded survey of forest resources to implement the
recently enacted Forest and Rangeland Renewable Resources Plan-
ning Act. Current information also will be obtained on the nutritional
status and requirements of the American public through the imple-
mentation of a nationwide food consumption survey.

DEPARTMENT OF TRANSPORTATION

Obligations of the Department of Transportation for the conduct
of research and development will be $368 million for 1975 and $402
million for 1976. Obligations for related facilities will be $14 million
for 1976. Increased emphasis will be placed on socioeconomic aspects
of the Nation's transportation requirements and the achievement of
solutions for today's problems. More efficient utilization of existing
systems is an increasingly important goal—including cost reduction,
energy conservation, environmental protection, improved safety,
and reduced travel times.
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Urban mass transportation R. & D. will demonstrate improved
higher capacity, quieter, and lower polluting transit buses and con-
tinue development of advanced rail and personal rapid transit tech-
nology. Transit service and methods demonstrations will encourage
low-cost service innovations and regulatory actions to improve the
use of the current urban transportation systems. Expanded support
will be provided for innovative tunneling R. & D. particularly for use
in urban areas.

Highway research and development funding will continue to
strengthen cooperative programs with State governments to increase
highway and pedestrian safety, reduce the high costs of highway con-
struction and maintenance, increase the capacity of highways and
roadways through improved traffic management techniques, and to
reduce undesirable environmental effects of highway structures. High-
way traffic safety research will emphasize accident investigation and
data analysis and will support the setting of Federal safety standards
leading to improved vehicle occupant protection, the reduction of
drug and alcohol related accidents, and the improvement of driver
performance.

Railroad research will emphasize improved rail freight and passenger
services, as well as rail safety. The intermodal program to integrate
highway and rail freight systems is being expanded, to demonstrate
the potential reduction in time and cost of freight service from origin
to destination. The tracked levitated vehicle program is being terminated
in 1975, reflecting a greater emphasis on improvements to existing
technology and associated infrastructure.

Air transportation research provides for continued upgrading of the
air traffic control system and for increasing airport and airway capac-
ity through improved surveillance, communication and landing aid
development, and increased automation of the air traffic function.
The increased research funding level will permit the development of
air traffic control equipment and systems needed to operate the air
transportation networks of the 1980's. Also emphasized are aviation
safety and aircraft noise and pollution abatement activities.

Coast Guard R. & D. will continue to stress maritime pollution
control systems development, all weather harbor traffic monitoring,
improved aids to navigation, and programs to improve safety at sea.
including commercial vessel and recreational boating safety.

DEPARTMENT OF THE INTERIOR

Obligations for the Department of the Interior for conduct of re-
search and development will show a net increase from $303 million in
1975 to $315 million in 1976.

The Department's R. & D. activities derive from a broad range of
responsibilities for encouraging wise development of the Nation's
energy and nonenergy mineral, water, land, and recreation resources,
and for managing those resources on the public lands in the public
interest.

Research programs are conducted to provide an accurate appraisal
of the Nation's mineral resources, including new or improved methods,
and techniques and instruments for mineral exploration on land on
submerged continental margins. Basic information is developed on
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geologic principles and processes relating to terrain conditions and
causes of earthquakes. An extensive program of investigation of new
technologies for surface and underground mining is designed to lead
to improvements in productivity and in mine health and safety and to
reduction in the environmental impact of mining. Research on extrac-
tion, processing, and use of nonenergy minerals will help to assure an
adequate supply of raw materials to meet expanding national needs.

Land use problems, the quality of the physical environment, and
the efficient allocation and conservation of scarce water and water-
related resources will be studied. Special attention will be accorded
studies directed toward better understanding of basic principles of
hydrology necessary for the appraisal and evaluation of the Nation's
water resources, including the effects of underground waste storage, for
improving the quantity and quality of water for municipal and in-
dustrial uses, and for augmenting water supply by precipitation man-
agement, water salvage and improved water methods.

Research is conducted to improve the management of habitat on
Federal lands to protect fish and wildlife resources. Studies also sup-
port the direct management of fisheries and migratory birds. These
studies include population dynamics, bird banding, fish disease
prevention and control, and restoration of endangered species.

Many of these programs have at least an ancillary objective of
environmental protection. Energy related research of the Bureau of
Land Management and the Fish and Wildlife Service, for example, in-
cludes extensive environmental baseline data collection and monitor-
ing activities as a necessary background to understanding potential
impacts of energy development on the environment, and as a basis for
managing resource programs on the public lands so as to minimize
environmental impact.

DEPARTMENT OF COMMERCE

Department of Commerce obligations for the conduct of research
and development will increase by $19 million in 1976, from $211
million in 1975 to $230 million in 1976. Obligations for related facilities
will be $6 million in 1976. Increases are provided for the research
and development programs of the National Oceanic and Atmospheric
Administration (NOAA), the National Fire Prevention and Control
Administration, and the National Bureau of Standards.

The principal objectives of the research and development programs
in the Department of Commerce are to continue to improve the
Nation's environmental prediction and warning capabilities, develop
technology to improve the competitive position of the U.S. maritime
industry, and encourage advancement of science and technology
through improved measurements and standards.

In 1976, NOAA will continue research to help reduce loss of life
and property from natural disasters by improving the detection and
tracking of weather systems and violent storms, and by extending the
forecasting and data gathering programs. In the marine sciences,
NOAA will conduct research aimed at the conservation and manage-
ment of commercial fisheries in the United States. NOAA will also
continue research programs in marine ecosystems analysis.
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The National Fire Prevention and Control Administration will
conduct research to reduce the loss of life and property from fires and
will provide the essential technical knowledge on which new and
improved fire prevention efforts can be based.

The National Bureau of Standards will continue research aimed at
development and maintenance of the Nation's physical measurements
and standards, providing necessary support for the advancement of
science and technology and for productivity enhancement. Special
emphasis will be placed on measurements and standards needed for
environmental pollution, improved use of materials, and improved
Federal application of computers. The computer program will be
increased in the areas of computer security and standards.

The Maritime Administration will continue to assist the U.S.
maritime industry to develop the technology necessary to improve
its international competitive position. The emphasis in 1976 will be
on improvements in ship-building methods and equipment, and
development of shipping operations information systems.

ENVIRONMENTAL PROTECTION AGENCY

Obligations of the Environmental Protection Agency (EPA) for
conduct of research and development will increase from $287 million
to $300 million in 1976. Obligations for facilities will be $2 million
in 1976.

EPA supports K. & D. to determine the sources and effects of
pollution and to develop and test pollution control technologies. The
overall objective is to provide the scientific basis for standards de-
velopment and effective control strategies and to identify and evaluate
long-range environmental problems. Efforts are directed specifically
to problems of air and water pollution control, water supply protec-
tion, solid and toxic waste management, pesticides control, radiation
protection, noise abatement, energy development, and interdisciplinary
studies.

The air program seeks to develop predictive models of pollutant
emission, transport, transformation, and removal, and to verify these
models by actual measurement. In 1976, information on health
effects of selected pollutants and catalytic-related emissions will be
obtained. Work will continue on prototype demonstrations of processes
for control of nitrogen oxide emissions.

In the water program, increased attention will be given to demon-
stration of control technologies capable of reducing the capital and
operating costs of municipal waste treatment, investigation of the
health effects of land disposal of sludge, development of criteria for
ocean dumping and outfalls, and evaluation of the cost and technical
feasibility of specific nonpoint control measures designed to deal with
agricultural runoff. Additional effort also will be given to develop-
ment of more cost effective technologies suitable for small water supply
systems, and a survey on the nature and toxicity of organic and in-
organic contaminants and pathogenic organisms present in treated
wastewater,

The energy-related research effort will be increased to (1) deter-
mine environmental effects (and hence the control requirements)
associated with energy resource extraction, transmission, conversion
and use, (2) identify, develop and demonstrate necessary control
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techniques based on the source effluent and ambient pollutant con-
trol requirements, and (3) evaluate the environmental, economic, and
social consequences of alternative control strategies for energy sys-
tems as input to EPA policy formulation.

RESEARCH AND DEVELOPMENT IN COLLEGES AND
UNIVERSITIES

A portion of the funds discussed above will be committed by the
agencies to colleges and universities to perform R. & D. to assist in
achieving agency missions. As shown in table P-10, the 1976 budget
will provide $2,254 million obligations for this purpose as contrasted
with $2,147 million in 1975.

Table P-10. RESEARCH AND DEVELOPMENT IN COLLEGES AND
UNIVERSITIES * (in millions of dollars)

Obligations Outlays

Department or agency 1974 1975 1976 1974 1975 1976
actual estimate estimate actual estimate estimate

Health, Education, and Welfare 1,238 1,058 1,088 1,058 1,171 1,148
National Science Foundation 422 452 487 434 418 460
Department of Defense—Military_.._ 186 197 213 187 197 209
Agriculture 95 106 118 92 102 113
Energy Research and Development

Administration 92 106 116 92 106 116
National Aeronautics and Space Ad-

ministration 99 90 86 99 99 95
All Others 125 139 146 106 130 137

Total 2,259 2,147 2,254 2,067 2,224 2,278

1 Amounts reported in this table are included in totals for conduct of R. & D. in previous tables.

Federal funds are expected to continue to furnish the largest source
(more than half) of the total support for university research and
development activities. The funds assist in supporting faculty in-
vestigators and provide valaable experience and training for graduate
students through employment on R. & D. projects.
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FEDERAL RESEARCH AND DEVELOPMENT PROGRAMS

The significant increases in the funding of research and development
(R. & D.) reflected in this analysis demonstrate the Administration's
belief that science and technology are important to the Nation's
future defense, economy and human welfare. The Federal Govern-
ment, through its budget and tax policies, seeks also to encourage
continued and expanded private funding of R. & D., which now
constitutes nearly half the annual national investment in R. & D.

This analysis summarizes the funding of R. & D. incorporated in
individual agency budgets. Research and development is not a sepa-
rately programed or budgeted activity of the Federal Government.
Its funding must therefore be considered primarily in light of the
potential contributions of science and technology to meeting agency
or national goals and not as an end in itself.

The first part of this analysis presents a summary and highlights of
the 1977 budget as it affects Federal funding of research and develop-
ment; the second part describes the longer term trends in Federal
support of R. & D.; and the last portion describes the 1977 programs of
the 11 major agencies which together account for about 98% of total
Federal spending for R. & D.

PART I: HIGHLIGHTS OF THE 1977 BUDGET

Federal obligations for R. & D. in 1977 will total $24.7 billion,
an increase of 11% over 1976. Outlays will increase by 10% to $23.5
billion. Specific amounts for the conduct of R. & D. and for related
facilities in 1975, 1976, the transition quarter, and 1977 are shown
in Table P- l .

Table P-1. TOTAL FEDERAL FUNDING FOR CONDUCT OF R. & D. AND
RELATED FACILITIES (in billions of dollars)1

Conduct of R. &D_
R. & D. facilities.__

Total

1975

19.0
.8

19.8

Obli,

1976

21.3
.9

22.2

gations

TQ

5.

5.

4
1

5

1977

23.5
1.2

24.7

1975

18.7
.8

19.5

Outlays

1976

20.4
.9

21.3

TQ

5.4
.2

5.6

1977
estimate

22.9
.6

23.5

1 For budget analysis purposes, R. & D. includes basic and applied research, and the design, testing
and demonstration of prototypes and new processes, but does not include routine product testing
collection of general purpose statistics, or training of scientific manpower.

CONDUCT OF RESEARCH AND DEVELOPMENT

Increases in obligations for the conduct of research and development
by major program area are shown in Table P-2.

276
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•

Table P-2. CONDUCT OF R. & D. BY MAJOR PROGRAM AREA

(Obligations in billions of dollars)

Program 1975 1976 TQ 1977
actual estimate estimate estimate

Conduct of R. &D.:
Defense1 9.6 10.6 2.7 12.0
Space2 2.5 2.7 .7 2.9
Civilian (other than space) 6.9 8.0 2.0 8.6

Total 19.0 21.3 5.4 23.5

1 Includes military-related programs of the Energy Research and Development Administration—
transferred from the AEC.

2 Includes all NASA programs except aeronautical research, space applications (e.g., pollution
monitoring, communications, earth observations), energy technology applications, and technology
utilization, which are classified as civilian programs.

Some of the more important developments in each of the major
program areas are illustrated in the following summary.

Defense. Obligations for R. & D. will increase by 13%. High-
lights of the 1977 budget include:
—the start of advanced development of both the air-launched

and sea-launched cruise missiles;
—increases in programs aimed at improving ballistic missile

warheads and providing options for a new intercontinental
ballistic missile system;

—development of weapons systems to modernize the tactical
forces, including an advanced air combat fighter for the Air
Force, an attack helicopter for the Army, and a surface-to-air
missile system known as SAM-D.

Space. Funds for R. & D. will increase slightly. They provide for:
—continued development of the space shuttle, leading to an

initial manned orbital flight in 1979;
—continued development of automated spacecraft to explore the

solar system;
—initiation of a new satellite, the solar maximum mission,

which will be launched in 1979 to study the Sun during the
next period of peak solar flare activity in 1979-80.

Civilian. R. & D. funding for civilian programs will rise by 8%.
More specifically, the 1977 budget includes amounts to:
—expand research on the basic biological processes underlying

agricultural production, and expand development of additional
sources of useable vegetable protein;

—continue research on human biological processes and the causes,
prevention, diagnosis and treatment of disease, including
increased support for research on immunology, aging, and
environmental health;

—define and evaluate alternatives relating to mass transit and
develop advanced traffic management systems;

—increase aeronautical R. & D. to achieve more energy-efficient
aircraft;

•
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—expand the development of fusion technology and the breeder
demonstration program (particularly the Clinch River Breeder
Reactor) and increase efforts in the light water reactor program,
especially in nuclear fuel waste management;

—accelerate the development of technologies to use domestic
fossil fuel resources in an environmentally acceptable manner
through gasification and liquefaction of coal, and increase
assistance to industry in advancing energy conservation, solar
and geothermal technologies.

The major agencies involved in energy technologies will increase their
budget authority for direct energy research and development (includ-
ing facilities) by 37% from $1.9 billion in 1976 to $2.6 billion in 1977.
Indirect or supporting energy research will also increase, including
research on environmental, health and safety aspects of energy
systems and research in basic energy sciences. More detailed analysis
of the Federal energy R. & D. effort is provided in the annual "Na-
tional Plan for Energy Research, Development and Demonstration"
published by the Energy Research and Development Administration.

RESEARCH AND DEVELOPMENT FACILITIES

Obligations for the construction and renovation of facilities or for
the acquisition of major items of equipment used to conduct R. & D.
will increase by $0.3 billion, from $0.9 billion in 1976 to $1.2 billion
in 1977. Of particular significance is the inclusion of funds to begin
construction of the large colliding beam facility for the Stanford
linear accelerator designed to develop and test new theories in high-
energy physics concerning the ultimate nature of matter. Also in-
cluded are funds to initiate construction of a new wind tunnel at
NASA's Langley Research Center and an aircraft engine test complex
at DOD's Arnold Research Center. The unique Very Large Array
radio telescope in New Mexico will be placed in limited operation.

OTHER HIGHLIGHTS

BASIC RESEARCH

Included in the totals above for the conduct of R. & D. is Federal
support for basic research, which will increase from about $2.4 billion in
1976 to more than $2.6 billion in 1977, for an increase of 11%. Within
this total, support by the National Science Foundation, as the key
agency in fostering basic research in all fields of science, will grow by
almost 20%. These amounts exclude support for research facilities
(such as the colliding beam facility mentioned above) and for major
items of equipment, particularly the cost of launch vehicles for space
missions devoted to basic research.

COLLEGES AND UNIVERSITIES

Federal funds furnish the largest source of support for research
and development activities undertaken by colleges and universities.
Federal agencies are expected to commit more than $2.6 billion to
colleges and universities for this purpose in 1977, a 9% increase over
the $2.4 billion estimated in 1976. More information may be found in
Table P-10.
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INDIRECT SUPPORT OF RESEARCH AND DEVELOPMENT

In addition to the amounts for direct Federal support of R. & D.
reflected in the tables and analysis above, the Federal Government
encourages the support of R. & D. through tax provisions which permit
businesses to treat R. & D. expenditures as current costs rather than
investments to be depreciated over a number of years. This results in a
tax saving for industr}^. Assuming that R. & D. is on the average a
5-year investment, the tax saving is estimated to grow from over
$600 million in 1975 to nearly $700 million in 1977. Tax expenditures
in general are discussed in Special Analysis F.

The amounts in this Special Analysis also do not reflect Federal
allowances to contractors for performing independent R. & D. associ-
ated with particular contracts. These allowances are estimated to
approximate $500 million for each of the years mentioned. Further,
the Federal Government provides incentives to State and local
governments and to the private sector, particularly in the energy and
agricultural R. & D. areas, through such mechanisms as cost-sharing
in research and demonstration projects. While estimates of the non-
Federal investment stimulated by these incentives are unavailable,
these incentives contribute substantially to the overall national
R. & D. effort.

PART II: LONG-TERM TRENDS

Federal funding for R. & D. has increased tenfold since the early
1950's and significant changes in the focus of that funding have taken
place. Chart P-l shows the trends of the Federal R. & D. effort over
the last 25 years.

Conduct of Research and Development — Oblations

SBillic

1953 1955
Fiscal Years
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At the time of the Soviet launching of Sputnik in 1957 and before
the establishment of NASA, Federal R. & D. funding was concentrated
in Defense, the Atomic Energy Commission, and the Department of
Health, Education, and Welfare (principally for medical research).
Total funding for national defense, including defense-related nuclear
programs of the Atomic Energy Commission, alone accounted for 87%.

Following the decision to land a man on the Moon by 1970, the space
program grew rapidly in the early 1960's. Space funding reached its
peak in 1966, when it represented 33% of Federal R. & D. spending.
Funding for space programs thereafter declined to a level commensu-
rate with the development of the space shuttle and the continuation
of programs in space science and applications of space technology.

Funding for civilian R. & D., other than space programs, while
steadily climbing since the late 1950's, has grown markedly since
1969. Energy-related R. & D. in particular has received major in-
creases since 1974. In 1977, Federal obligations for R. & D. devoted
to civilian programs will amount to approximately 37% of the total,
space R. & D. will account for 12%, and defense R. & D., 51%.

PART III: AGENCY R. & D. PROGRAMS

More than 99% of Federal R. & D. is supported by 14 departments
and major agencies. Table P-3 summarizes obligations and outlays
for the conduct of R. & D. by these agencies, and table P-4 separately
aggregates obligations and outlays for the construction and renovation
of facilities used in the conduct of R. & D. and for the acquisition of
major items of equipment.

DEPARTMENT OF DEFENSE MILITARY

Department of Defense obligations in 1977 for research and develop-
ment, including construction of R. & D. facilities and the cost of
associated military personnel, will increase by $1,499 million over
the 1976 level, reaching a total of $11,554 million. Basic research
undertaken or sponsored by DOD will increase from $330 million in
1976 to $383 million in 1977. The increase in facilities obligations,
from $176 in 1976 to $356 million in 1977, reflects funding of the
Aeropropulsion System Test Facility, an aircraft engine test complex
to be built at the Arnold Engineering Development Center, Tulla-
homa, Tenn. Obligations for the conduct of research will increase by
$279 million to a level of $2,035 million, and obligations for develop-
ment programs will increase by $1,040 million to a level of $9,163
million.

In the strategic area, funding for development of the Trident long
range submarine and missile system and the B-1 strategic bomber
will decrease as these systems enter procurement. These decreases are
offset by increases in programs aimed at ballistic missile warhead
improvements and at providing options for a new intercontinental
ballistic missile system for fixed or mobile employment. In addition,
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Table P-3. CONDUCT OF RESEARCH AND DEVELOPMENT OF MAJOR DEPARTMENTS AND AGENCIES (in millions of dollars)

Department or agency
Obligations Outlays

1975
actual

1976
estimate

TQ
stimate

1977
stimate

1975
actual

1976
stimate

TQ
stimate

1977
stimate

Defense—Military functions 8,987 9,879 2,510 11,198 9,189 9,468 2,537 10,762
National Aeronautics and Space Administration 3,088 3,473 921 3,573 3,181 3,402 877 3,550
Energy Research and Development Administration 2,071 2,812 756 3,282 1,862 2,423 643 3,042
Health, Education, and Welfare 2,395 2,369 526 2,570 2,108 2,366 578 2,512
National Science Foundation 604 628 158 726 571 602 204 647
Agriculture __ ._ 424 483 123 507 418 486 136 510
Transportation 291 340 76 319 307 338 74 304
Interior 296 332 80 316 265 307 83 310
Environmental Protection Agency 258 305 87 241 207 324 83 298
Commerce 222 247 63 243 220 239 64 233
Veterans Administration 99 108 28 106 97 99 26 100
Nuclear Regulatory Commission 61 97 23 109 54 88 23 103
Housing and Urban Development 57 62 16 70 52 57 19 67
Justice. 44 65 11 41 44 50 14 44
Allother 126 138 35 164 124 142 37 156

Total 19,023

Total, conduct of research 6,759 7,150 1,860 7,782 6,355 7,192 1,835 7,709
Total, conduct of development 12,264 14,188 3,553 15,683 12,344 13,199 3,563 14,929

21,338 5,413 23,465 18,699 20,391 5,398 22,638
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Table P-4. RESEARCH AND DEVELOPMENT FACILITIES BY MAJOR DEPARTMENTS AND AGENCIES (in millions of dollars)

Obligations Outlays W
Department or agency Cj

1975 1976 TQ 1977 1975 1976 TQ 1977 O
actual estimate estimate estimate actual estimate estimate estimate O

Energy Research and Development Administration 393 461 66 638 415 418 119 454
Defense—Military functions 164 176 36 356 152 185 43 179
National Aeronautics and Space Administration 143 82 11 124 85 115 31 126
National Science Foundation 31 52 8 34 29 49 10 33
Health, Education, and Welfare 39 27 4 11 81 38 5 26 ui
Transportation 13 20 3 16 15 15 3 14 9
Agriculture 8 36 1 3 8 14 8 8 P
Commerce 10 8 3 6 11 7 3 6 .
Environmental Protection Agency 2 7 1 4 11 5 1 5 a
Allother 18 40 6 23 19 36 7 25 >

Total facilities 821 909 139 1,215 826 882 230 876
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full-scale development of both the air-launched and sea-launched
long-range cruise missiles will be initiated. In the strategic defensive
area, antiballistic missile technology efforts will be continued to guard
against technological surprise and to provide future deployment
options if they are needed.

In the tactical forces area, a number of major programs are con-
tinued which will allow significant future modernization of the tactical
forces. For example, the Air Force will continue development of the
F-16 air combat fighter and systems to neutralize enemy air defenses.
In conjunction with the other services, the Air Force is exploring the
combat potential of remotely piloted vehicles and of high energy
lasers. Army developments include a new tactical transport helicopter
and an advanced attack helicopter. The SAM-D theater air defense
system will enter full-scale development and the Army will continue
work to adapt the French/German short-range air defense system to
U.S. mission requirements.

The Navy will continue to emphasize antisubmarine warfare and
fleet air defense missile systems and continue the development of
the Surface Effects Ship. Full-scale development of a tactical cruise
missile will be initiated to provide ships other than aircraft carriers
with an improved strike capability.

Table P-5. DEPARTMENT OF DEFENSE—MILITARY RESEARCH AND
DEVELOPMENT (obligations in millions of dollars)

1975 1976 TQ 1977
actual estimate estimate estimate

Conduct of R . & D . :
Research, development, test, and evaluation:

Military sciences 405
Aircraft and related equipment 1, 648
Missiles and related equipment 2,160
Military astronautics and related equipment _ 527
Ships, small craft and related equipment 634
Ordnance, combat vehicles and related equipment. _ _ 471
Other equipment 1,844
Program wide management and support 869

Other appropriations 429

442
1,941
2,277
582
608
556

2,096
935
442

115
443
562
139
165
171
538
263
114

2,
2,

2,
1,

513
260
504
593
736
751
361
037
443

Total conduct of R. & D., obligations 8,987 9,879 2,510 11,198

Total conduct of research, included above 1,661 1,756 519 2,035
Total conduct of development, included a b o v e - . . 7,326 8,123 1,991 9,163

R. & D. facilities, obligations 164 176 36 356

Total obligations 9,151 10,055 2,546 11,554

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The 1977 NASA budget—classified entirely as research and devel-
opment—provides for ongoing and new programs in manned space
flight, space science, space applications, and aeronautics. Funds
for R. & D., including construction of facilities, will increase by $142
million over the 1976 level, reaching a total of $3,697 million.

Manned space flight activities will be concentrated on development
of the space shuttle. The shuttle is a partially reusable vehicle which
will be the key component of a transportation system expected to
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provide a major advancement in U.S. space capabilities beginning in
the early 1980's. NASA will be progressing toward key schedule
milestones, including the roll-out of the first shuttle orbiter in Sep-
tember 1976 and horizontal flight tests in early 1977. The first launch
of a shuttle orbiter will follow in mid-1979.

The space science program emphasizes the exploration of the solar
system and the universe using unmanned spacecraft. Two Pioneer
spacecraft are continuing the exploration of the outer planets—one
spacecraft is now escaping the solar system and the other will fly by
Saturn in 1979. Two Viking unmanned orbiter/lander spacecraft
launched to Mars in 1975 will start the search for life on that planet
in July 1976. Two Mariner spacecraft are being developed for the
Jupiter-Saturn flyby missions scheduled for launch in 1977. An orbiter
and probe are being developed to be launched to Venus in 1978 to
initiate atmospheric investigations of that planet.

In addition to these planetary missions, development will continue
on spacecraft to conduct high energy and ultraviolet astronomy from
Earth orbit. Development will continue on the High Energy As-
tronomy Observatories to be launched during 1977-79 to study X-ray
and gamma-ray sources in the galaxy and distant parts of the
universe. A new satellite, the Solar Maximum Mission, will be initiated
in 1977 and launched in 1979 to study the Sun during the next period
of peak solar flare activity during 1979-80.

In the space applications program, NASA is continuing development
of a third Earth resources technology satellite (LANDSAT), scheduled
to be launched in 1977, to conduct experiments on the utility of space
gathered information for agricultural, geologic, and other applications.
Development is proceeding on a new generation of satellites to provide
improvements in weather forecasting, the first of which, Tiros-N, will
be launched in 1978. Work is continuing on a spacecraft, the Heat
Capacity Mapping Mission, to be launched in 1978 to locate and map
potential sources of geothermal energy. Nimbus-G is being developed

Table P-6. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION-
RESEARCH AND DEVELOPMENT (budget plan in millions of dollars)

Program and type of activity 1975 1976 TQ 1977
actual estimate estimate estimate

Conduct of R. &D.:
Space flight 1,188
Space sciences 454
Space applications 186
Space research and technology 76
Aeronautical research and technology 166
Supporting activities 253
Research and program management 765

492
496
185
81
175
248
796

392
130
48
21
44
65
221

1,581
429
212
82
189
266
814

Total conduct of R. & D. budget plan 3,088 3,473 921 3,573
Total conduct of research, included above 795 824 215 864
Total conduct of development, included above 2,293 2,649 706 2,709

R. & D. facilities, budget plan 143 82 11 124

Total budget plan 3,231 3,555 932 3,697
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for launch in 1978 to demonstrate the capability of monitoring pollu-
tion from space. An additional satellite, Seasat-A, is being developed
to be orbited in 1978 to monitor ocean conditions (e.g., sea surface
winds and wave heights). A new satellite will be started in 1977 and
launched in 1980 to improve mapping of the Earth's magnetic field.

Aeronautical research and technology will continue to explore ways
to reduce aircraft engine noise, to improve aircraft performance, and
to mitigate undesirable environmental effects of civil and military
aircraft. In 1977, NASA will also increase research aimed at ways to
reduce aircraft energy requirements.

Funds are provided to continue the development of new technology
for future missions in space science and applications. The areas of
emphasis include improved materials, structures, propulsion, electric
power sources, communications and data handling systems.

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

Obligations for the conduct of research and development sup-
ported by the Energy Research and Development Administration
will increase from $2,812 million in 1976 to $3,282 million in 1977 and
obligations for related construction and equipment will total $638
million.

Obligations for the conduct of ERDA direct energy research and
development programs will increase by 26% in 1977 in order to
accelerate the achievement of greater long-term energy independence.

In direct nuclear energy research and development, ERDA will
expand efforts to improve the use of current commercial reactors by
increasing R. & D. on the long-term management of radioactive wastes,
fuel reprocessing, and safeguards against theft of nuclear materials.
In addition, funding for the Liquid Metal Fast Breeder Reactor
(LMFBR) program will be increased to support continued construc-
tion of the LMFBR demonstration plant. Research to determine the
scientific feasibility of controlled thermonuclear fusion will also
increase significantly.

In ERDA's direct nonnuclear energy research and development
programs, the major funding will continue to be devoted to fossil
energy development. ERDA will accelerate the development of tech-
nology to substitute coal for oil and natural gas, increase fuel con-
version efficiencies, and increase the recovery of oil and gas from
fields in the United States.

Significant increases will also be provided to develop those solar
energy systems and applications that are economically attractive and
environmentally acceptable for supplementing other available energy
resources. Expanded development of drilling and exploration tech-
niques along with the development of environmentally acceptable
long-range applications will be pursued in order to stimulate com-
mercial development of geothermal resources. All programs of con-
servation R. & D. will be maintained or increased, particularly those
concerned with energy storage, transportation, buildings and industrial
processes.

210-700 O - 76 - 19
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Table P-7. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION—RESEARCH AND DEVELOPMENT
(In millions of dollars)

Obligations Outlays
Programs and groups of programs — ——

1975 1976 TQ 1977 1975 1976 TQ 1977
actual estimate estimate estimate actual estimate estimate estimate

Conduct of research and development:
Direct nuclear energy research and development:

Fission power reactor and nuclear fuel cycle 466 584 167 921 462 511 140 796
User and magnetic fusion 144 197 67 239 132 180 55 225

Subtotal 610 781 234 1,160 594 69? 195 K02?
Direct nonnuclear energy research and development:

Fossil 264 492 97 422 138 327 61 413
Solar 40 111 33 142 15 81 25 111
Geothermal . _ - 25 33 12 49 20 31 9 44
Conservation 34 75 16 113 21 53 13 88
Environmental control technology 8 13 4 16 7 11 3 14

Subtotal 37? 724 162 742 201 503 \U 670
Supporting energy research and development:

Biomedical and environmental effects 142 175 46 183 135 164 43 175
Basic energy sciences 156 174 49 183 151 167 45 174

Subtotal 298 349 95 366 286 33? 88 349
Nuclear weapons and naval reactors 620 749 212 775 613 702 196 776
Other:

High energy physics 136 153 37 168 132 148 38 163
Nuclear space power and other programs 36 56 16 71 36 48 15 63

Subtotal 172 209 53 239 168 196 53 226

Total conduct of research and development 2,071 2,812 756 3,282 1,862 2,423 643 3,042

Total conduct of research, included above 563 694 186 743 509 640 169 707
Total conduct of development, included above ___. 1,508 2,118 570 2,539 1,353 1,783 474 2,335

Research and development facilities 393 461 66 638 415 418 119 454

Total 2,464 3,273 822 3,920 2,277 2,841 762 3,496
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A strong effort will be maintained on programs to determine the bio-
medical and environmental effects of nuclear and nonnuclear energy
sources and to solve fundamental scientific and engineering problems
that constrain the development of energy technologies. ERDA will
also continue current levels of activity to develop improved nuclear
weapons and naval propulsion reactors for the Department of Defense.

ERDA's budget for construction of R. & D. facilities will include
$6 million to proceed with the design and initial construction of a
major new positron-electron colliding beam facility for high energy
physics. Total construction costs for the facility, located at the
Stanford Linear Accelerator Center in California, are estimated to be
$78 million over a 4-year period. Other major R. & D. facilities under
construction include fossile fuel demonstration projects, the fusion
test reactor, and the fast flux test facility, which will provide data
on the performance of LMFBR fuels and materials.

HEALTH, EDUCATION, AND WELFARE

Department of Health, Education, and Welfare (HEW) obligations
in 1977 for the conduct of R. & D. will increase by $201 million over
the 1976 level, reaching a total of $2,570 million. Obligations for R. &
D. facilities will be $11 million.

The largest share of the Department's R. & D. funds is devoted to
the biomedical area. The National Institutes of Health (NIH) is
the primary source of support for health research in the United
States. R. & D. obligations by NIH will increase by $181 million from
$1,797 million in 1976 to $1,978 million in 1977. These funds will
support research into human biological processes and the mechanisms
of such diseases as cancer, heart and lung diseases, arthritis, diabetes
and venereal disease. While maintaining current levels of effort in
cancer and heart disease research, NIH will increase support for
emerging areas of national importance such as immunology, aging and
environmental health.

Preventive health care research is being pursued by other HEW
components through investigation into infant and child health; new
approaches to drug abuse treatment; new ways to treat, prevent and
control alcohol abuse; basic and chemical research on the multiple
causes of alcoholism; and development of new approaches to the
causes, diagnosis, treatment and prevention of mental illness. In
addition, demonstrations of health maintenance organizations, family
planning, and emergency medical systems will be funded.

The National Institute for Education (NIE) is the focal point for
educational R. & D. NIE supports research in the areas of equality of
education; essential skills education; education and work; dissemina-
tion of research information; and school finance, productivity, organi-
zation and management. R. & D. obligations by NIE will increase by
$20 million, from $70 million in 1976 to $90 million in 1977.
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Table P-8. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE—RESEARCH AND DEVELOPMENT
(in millions of dollars)

Obligations Outlays

^ 7 5 ^ ^ ^ ^ ^ — j — — - — ,977
actual estimate estimate estimate actual estimate estimate estimate

Conduct of R.&D.:
Health:

National Institutes of Health 1,856 1,797 407 1,978 1,630 1,878 439 1,999
Alcohol, Drug Abuse, and Mental Health Administration 140 125 32 128 114 91 20 88
Food and Drug Administration 35 36 9 45 27 28 7 32
Center for Disease Control 41 44 12 50 42 43 16 38
Health Resources Administration 42 34 5 32 60 34 25 27
Assistant Secretary for Health.-. 6 13 2 14 6 11 2 12
Health Services Administration _ 17 14 3 2 10 14 3 5

Subtotal, health 2,187 2,063 470 2,249 1,889 2,099 512 2,201
Education:

Office of Assistant Secretary for Education.. 12 12 \2 II 12 11
Office of Education 59 102 7 102 51 68 19 92
National Institute of Education 70 70 20 90 83 70 14 88

Subtotal, education 141 184 27 204 145 150 33 191
Welfare:

Office of Human Development _ 59 62 13 56 42 54 15 57
Social Security Administration _ 23 26 7 27 21 22 5 25
Departmental Management 26 25 7 25 9 32 11 30
Social and Rehabilitation Service 9 9 2 9 2 9 2 8

Subtotal, welfare 117 122 29 117 74 117 33 120

Total conduct of R. & D 2,395 2,369 526 2,570 2,108 2,366 578 2,512

Conduct of research, included above 1,930 1,901 437 2,070 1,681 1,932 471 2,031
Conduct of development, included above 465 468 89 500 427 434 107 481

R. & D. facilities 39 27 4 11 81 38 5 26

Total 2,434 2,396 530 2,581 2,189 2,404 583 2,538
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The total obligations for the conduct of R. & D. on human services
and welfare programs will decrease by $5 million, from $122 million
in 1976 to $117 million in 1977.

The Office of Human Development will continue to fund R. & D.
activities which support its role in providing ameliorative services to
the aged, physically and mentally handicapped, Native Americans,
children and other subgroups of the population-at-risk.

The Social and Rehabilitation Service will emphasize development
of an effective child support enforcement program, upgrading long-
term care, and studying child care standards.

Table P-8 displays obligations and outlays by agency within the
Department.

NATIONAL SCIENCE FOUNDATION

National Science Foundation obligations for the conduct of R. &D.
will increase from $628 million in 1976 to $726 million in 1977. In
addition, $34 million will be obligated for facilities in 1977.

Fundamental research that contributes basic knowledge in all fields
of science will be strengthened and special emphasis will be given to
research in the physical sciences, including physics, engineering, chem-
istry, and materials; to oceanography, earth, and atmospheric sciences;
and to biology, especially in the plant sciences.

Emphasis in applied research programs will move away from energy
research (which has been shifted to the Energy Research and Devel-
opment Administration) to new areas such as productivity, where
research not currently being undertaken by mission agencies can yield
comparatively short-term results. The Foundation's programs in
polar research and a broad range of international science and technol-
ogy efforts conducted through bilateral and multinational arrange-
ments will continue.

Funding will continue for construction of the Very Large Array
radio telescope near Socorro, New Mexico; this unique instrument will
be placed in limited operation by mid-1977.

DEPARTMENT OF AGRICULTURE

Obligations of the Department of Agriculture for the conduct of
research and development, excluding construction of facilities, will
increase from $483 million in 1976 to $507 million in 1977.

At no time in recent history has the need for new technology for
increasing our capacity to produce food been more apparent. In addi-
tion to reductions in reserves of basic commodities, consumers face
higher costs for all kinds of food and fiber products. Agricultural
efficiency is increasingly vital to our national well-being. Improved
efficiency in American agricultural production can also help ease critical
worldwide food shortages.
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Obligations for basic research will increase from $177 million in 1976
to $197 million in 1977. Emphasis will be in such areas as cell bi-
ology, improvements in the photosynthesis process, and new re-
search on nitrogen fixation; increased efficiency in the production
of meat animals; developing additional sources of usable proteins
from vegetable sources; and protecting against devastating losses
to major food crops resulting from genetic vulnerability to disease
by collecting, testing, and preserving diverse germplasmic materials.

Environmental research will include the further development of
nonchemical means of controlling agricultural pests, and the develop-
ment of information required for the clearance of agricultural pesticides
for use in cooperation with the Environmental Protection Agency.

The Department of Agriculture, in cooperation with State and pri-
vate research organizations, will continue development of a national
system designed to improve coordination in the planning, financing,
and evaluation of agricultural research. The goal of such a system will
be to increase the overall efficiency and effectiveness of agricultural
research.

DEPARTMENT OF TRANSPORTATION

The research and development obligations for the Department of
Transportation, including facilities, are estimated at $360 million for
1976 and $335 million for 1977. The $25 million decrease is primarily
a result of an unusually high level of obligations in 1976. The 1977 ob-
ligations will provide funding of research to solve the near-term trans-
portation problems facing the Nation, as well as some funding for
longer range, high-payoff technology development needed for future
transportation systems. Transportation alternatives are being better
defined and tradeoffs are being evaluated so that the near-term prob-
lems of energy conservation, urban mobility, environmental protec-
tion, improved safety, and cost reduction will receive appropriate
emphasis and attention.

Urban mass transportation R. & D. will support the evaluation
of improved transit vehicles, urban rail systems, and the development
of automated guideway transit systems. The program of demon-
strating improved transit service, methods, and management tech-
niques, which encourages low-cost service and management innova-
tion to improve the use of current urban transportation systems will
be emphasized.

Highway R. & D. will seek to increase highway safety and reduce
the growth rate of construction and maintenance costs. Advanced
traffic management systems will be developed to investigate methods
of increasing capacity and reducing delays on roadways. Efforts
will be made to improve the environmental compatibility of the
present and future highway system. Highway traffic safety research
will emphasize accident investigation and data analysis and will
support the establishment of Federal safety standards leading to
improved vehicle occupant protection, the reduction of drug- and
alcohol-related accidents, and the improvement of driver performance.
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Railroad R. & D. funding will emphasize improved freight and
safety research including studies of equipment and human failures.
The industry problems and intermodal freight system demonstration
programs will be expanded to reduce the cost of freight service. The
energy/electrification and propulsion programs provide a knowledge
base for rail transportation planners and provide options for improv-
ing future rail transportation.

Air transportation research funding will provide for continued
upgrading of the air traffic control system and for increasing airport
and airway capacity through improved surveillance, communication
and landing aid development, and increased automation of air traffic
control. Increased funding will permit the development of air traffic
control equipment and systems needed to operate the air transporta-
tion networks of the 1980's. Aviation safety, aircraft noise and pollu-
tion abatement activities will also be emphasized.

Coast Guard R. & D. will emphasize pollution control and abate-
ment, all-weather harbor traffic monitoring and control, improved
aids to navigation, and programs to improve vessel safety including
commercial and recreational boating safety.

DEPARTMENT OF THE INTERIOR

Obligations for the Department of the Interior for conduct of
research and development will show a net decrease from $332 million
in 1976 to $316 million in 1977, although outlays will increase to $310
million. The $16 million reduction in obligations results from several
changes, the largest of which are: a reduction of $6 million for direct
geothermal research by the Geological Survey (which is offset by a
corresponding increase for contract research in the ERDA budget),
and a reduction of $9 million in obligations by the Bureau of Mines
resulting from an unusually high level of obligations in 1976.

The R. & D. activities of the Department support a broad range of
responsibilities for encouraging wise development of the Nation's
energy, mineral, water, land, and recreation resources, and for man-
aging those resources on the public lands.

The research programs of the Department provide an accurate ap-
praisal of the Nation's mineral resources, and include research on new
or improved methods, techniques and instruments for mineral ex-
ploration. Basic information is developed on geologic principles and
processes relating to terrain conditions and causes of earthquakes. An
extensive program is aimed at new methods of coal mining which will
increase productivity, improve the health and safety of mine workers,
and minimize damage to the environment. Research also is conducted
to improve the extraction and processing of nonenergy minerals
to meet national needs.

Public land use problems, the quality of the environment, and
the efficient allocation and conservation of scarce water and water-
related resources will continue to be studied. Special attention will
be accorded studies directed toward better understanding of basic
principles of hydrology necessary for the appraisal and evaluation of
the Nation's water resources for improving the quantity and quality
of water for municipal and industrial uses, and for augmenting water
supply by precipitation management, water salvage and improved
water methods.
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Electrical energy R. & D. by the Bonneville Power Administration
features the development of new transmission equipment design
concepts, development and adaptation of new power system control
techniques, development and design of ultra-high voltage transmission
systems, and participation in the Federal wind energy program.

Research is conducted to improve the management of habitat to
protect fish and wildlife resources and the environment in general.
Studies also support the direct management of fisheries and mi-
gratory birds. These studies include population dynamics, bird band-
ing, fish disease prevention and control, restoration of endangered
species, effects of toxic substances, and the effects of non-energy-related
development.

Energy-related studies of the Bureau of Land Management and
the Fish and Wildlife Service include data collection and analyses as
necessary background for understanding potential impacts of energy
development on the environment and as a basis for managing resource
programs on the public lands.

DEPARTMENT OF COMMERCE

Department of Commerce obligations for the conduct of research
and development and facilities will decrease b}̂  $9 million, from $258
million in 1976 to $249 million in 1977. This reflects increases for the
research and development programs of the National Oceanic and
Atmospheric Administration (NOAA) and offsetting decreases for the
R. & D. program of the Economic Development Administration
(EDA). Other programs, including those of the National Bureau of
Standards and the Maritime Administration, will be continued at
about the 1976 level.

The principal objectives of the R. & D. programs in the Department
of Commerce are to improve the Nation's weather prediction and
warning capabilities, to improve the competitive position of the U.S.
maritime industry, and to encourage general technological advance-
ment through application of improved standards of measurement.
R. & D. activities conducted by EDA will decline in 1977 as a result
of a reduction of the EDA program to assist economically distressed
areas.

NOAA will continue research on improving the detection and
tracking of weather systems and violent storms, extending environ-
mental forecasting and data gathering programs, and modifying
severe storms and hurricanes. NOAA will also continue its develop-
ment of systems and components in the area of mapping and charting,
and research aimed at the conservation, development, and manage-
ment of fisheries resources.

The National Fire Prevention and Control Administration will
continue to conduct research to reduce the loss of life and property
from fires and will provide the essential technical knowledge on which
new and improved fire prevention efforts can be based.

The technology development and utilization programs of the
National Bureau of Standards will continue to improve standards and
measurement procedures for organic water pollution, computer
security, and energy conservation and efficiency. R. & D. efforts of
the Mantime Administration will be directed toward improving
methods of building ships, developing new, improved ship machinery,
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and increasing automation aboard ships. Maritime Administration
programs also aim to improve ship operations by new communication
and navigation systems using satellites; to improve ship operations
management and control techniques by using computerized systems;
and to improve machinery and propulsion systems for better energy
utilization.

ENVIRONMENTAL PROTECTION AGENCY

EPA obligations for the conduct of R. & D. will decrease by $64
million, from $305 million in 1976 to $241 million in 1977. This
decrease is due in part to significant increases in budget authority
in 1975 that were not obligated until 1976, and in part to planned
completion of certain aspects of the energy-related R. & D. program
and to reductions in some lower-priority R. & D. activities.

EPA research and development efforts are directed at determining
the sources and effects of pollution and developing and testing pollu-
tion control technologies. The overall objective is to provide a strong
scientific basis for development of standards and effective control
strategies, as well as attempting to identify and evaluate long-range
suspected environmental problems.

Air pollution R. & D. seeks to develop predictive models for pol-
lutant emission, transport and removal, and to verify these models by
actual measurements. In 1977, research will be conducted in qualita-
tive assessment of pollutants (carcinogenic v. noncarcinogenic) and
their quantitative effects (i.e., dose-response relationships) in order to
determine estimates to risk in human populations. Work on acid rain
will assess its extent, examine its effects upon soil fertility, and
determine what techniques or natural processes may be used to
restore affected areas. The industrial processes research program will
be expanded to allow pollution control technology assessment and
demonstration or controls for metallic particulate and industrial
hydrocarbon sources.

The goals of the water quality research program are to develop:
(1) criteria for clean, safe, ecologically stable water in various aquatic
environments, (2) useful and validatable monitoring methods, (3)
cost-effective and efficient wastewater treatment technology for both
municipalities and industries, and (4) strategies for control of pollu-
tion from various nonpoint sources such as farming, mining, and oil
spills. In 1977, research will be expanded on viral problems related to
land application of wastewater and sludges; the ecological impacts of
ocean outfalls, ocean dumping, and dredging operations; and on eco-
system perturbations caused by heavy metals, persistent organics,
and petroleum hydrocarbons.

The primary purpose of water supply research is to support the
Agency's mission in establishing standards for water supply systems,
monitoring for compliance with these standards, and investigating
potential hazards. In 1977, research will be conducted to provide
recommendations on treatment processes for the removal of organics
from drinking water.

Efforts in the solid waste area are directed toward the development
of improved disposal and resource recovery technology to enable
local agencies to handle effectively and economically their solid waste
problems.

EPA conducts an extensive research program on pesticides released
into the environment to determine their effects on human, animal
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and aquatic life and to develop better analytic methods for measuring
residues in plant and animal tissue. This program will continue to
strengthen the data base for classification of pesticides, to support
standards setting for applicator certification, and to provide informa-
tion for the formulation of a national plan for monitoring pesticides.

Environmental assessment programs in coal gasification, coal
liquefaction, fluidized bed combustion, coal cleaning, Eastern coal
mining, and offshore oil and gas production will be completed.
Standards for first-generation facilities and guidelines for the exploita-
tion of indigenous resources will be developed. Work on flue gas
desulfurization system improvements, sludge fixation processes, and
studies of various pollutants will be expanded. Baseline data studies
will be completed in order to provide a basis for the early assessments
of the impacts of deepwater ports, floating nuclear power plants,
and expanded resource extraction activities.

The socioeconomic program will be increased in 1977 to develop a
comprehensive report on the benefits of water pollution control and
to complete the development of a simple, understandable system for
ranking pollution problems, with emphasis on human exposure. An
automated regional laboratory analytical system will be implemented.

NUCLEAR REGULATORY COMMISSION

Obligations of the Nuclear Regulatory Commission for the conduct
of E. & D. will increase from $97 million in 1976 to $109 million in
1977, and obligations for related construction and equipment will
total $8 million in 1977.

This research is directed towards the improvement of data needed
on the safety of nuclear power plants in order to assure an independent
technical basis for licensing these facilities; the health effects associated
with the nuclear power cycle; environmental impact of nuclear power;
waste treatment and disposal; and the transportation of radioactive
materials.

RESEARCH AND DEVELOPMENT IN COLLEGES AND UNIVERSITIES

A portion of the funds discussed above will be committed by
agencies to colleges and universities to perform R. & D. As shown
in table P-10, the 1977 budget will provide $2,635 million in obliga-
tions for this purpose as contrasted with $2,407 million in 1976.
Within this total, the National Science Foundation will increase its
support activities in colleges and universities by nearly 20%, from
$465 million in 1976 to $550 million in 1977.

Federal funds are expected to continue to furnish more than half of
the total support for college and university R. & D. activities. The
funds assist faculty researchers and also provide valuable experience
and training for graduate students employed on R. & D. projects.
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Table P-9. RESEARCH AND DEVELOPMENT IN COLLEGES AND UNIVERSITIES *

( in millions of dollars)

Obligations Outlays
Department or agency

1975 1976 TQ 1977 1975 1976 TQ 1977
actual estimate estimate estimate actual estimate estimate estimate

Health, Education, and Welfare 1,269 1,218 260 1,302 1,176 1,307 237 1,366
National Science Foundation 447 465 117 550 440 475 160 504
Department of Defense—Military 190 202 52 225 182 196 55 216 £
Agriculture 108 120 30 128 102 118 30 129 5
Energy Research and Development Administration 135 141 39 166 119 137 36 158 w
National Aeronautics and Space Administration 108 107 27 107 98 97 24 97 8
Allothers 142 154 31 157 111 130 30 141 ^

Total 2,399 2,407 556 2,635 2,228 2,460 572 2,611

1 Amounts reported in this table are included in totals for conduct of R. & D. in previous tables.
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FEDERAL RESEARCH AND DEVELOPMENT PROGRAMS

The significant increases for research and development (R. & D.)
programs in the 1978 budget, reflected in this analysis, further demon-
strate the administration's belief that science and technology can make
vital contributions to the Nation's future defense, economy, and
human welfare.

This analysis summarizes the funding of R. & D. incorporated in
the budgets of 29 separate departments and agencies. Research and
development is not, however, a separately programed or budgeted
activity of the Federal Government. Its funding must be considered
primarily in light of the potential contributions of science and tech-
nology to meeting agency or national goals and not as an end in itself.

The following analysis consists of two parts. The first presents a
summary and highlights of R. & D. programs in the 1978 budget, as
well as long-term trends. The second describes the R. & D. programs
of the 11 agencies whose activities comprise more than 98% of the
total Federal investment in R. & D.

PART I. HIGHLIGHTS AND TRENDS

Proposed Federal obligations for the conduct of research and
development, and for the scientific and engineering facilities related
to such activities, will total $28.0 billion in 1978, an increase of almost
$2 billion, or 8% over 1977, as displayed in table P- l .

Table P-l . TOTAL FEDERAL FUNDING FOR CONDUCT OF R. & D. AND
RELATED ACTIVITIES (in billions of dollars)

Conduct of R. &D___.
R. & D. facilities

Total

1976
actual

20.7
.8

21.5

Obligations

TQ*
actual

5.5
.3

5.8

1977
estimate

24.5
1.5

26.0

1978
estimate

26.3
1.6

28.0

1976
actual

20.2
.8

21.0

Ou

TQ*
actual

5.4
.3

5.7

tlays

1977
estimate

22.6
.9

23.5

1978
estimate

25.3
1.2

26.5

* Transition quarter, July 1-September 30, 1976.

CONDUCT OF RESEARCH AND DEVELOPMENT

Federal R. & D. programs can be broadly classified in three major
categories—defense, civilian, and space related. Increases in funding
for the conduct of R. & D. under these categories are shown in table
P-2.
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Table P-2. CONDUCT OF R. & D. BY MAJOR PROGRAM CATEGORY
(In billions of dollars)

Obligations Outlays

Program category 1976 1977 1978 1976 1977 1978
actual estimate estimate actual estimate esti-

mate

Conduct of R. & D.:
Defense1

Civilian
Space2

10.3
7.5
2.9

I I .
9.
3.

9
5
1

13.1
10.0
3.2

10.0
7.3
2.9

11.
8.
2.

2
5
9

12.7
9.4
3.1

Total 20.7 24.5 26.3 20.2 22.6 25.3

1 Includes military-related programs of the Department of Defense and the Energy Research and
Development Administration.

2 Includes NASA programs in planetary exploration and space shuttle development but excludes
NASA programs in aeronautical research, pollution monitoring, earth resources observations, and
technology utilization, which are categorized as civilian-related R. & D. The space category also
includes an ERDA program in applications of nuclear energy to space technology.

Highlights of each of the major program categories are presented
below.

Defense.—This category includes the military-related R. & D.
programs of the Department of Defense and the Energy Research
and Development Administration. Obligations for conducting defense-
related R. & D. will total $13.1 billion in 1978, an increase of $1.2
billion, or 10% over 1977. The proposed 1978 program continues the
development of major strategic and tactical weapons systems. It
also provides increased funding for research and technology related
to longer range military needs. The 1978 budget reflects a commitment
to the modernization of Defense equipment and an effort to provide
options for more capable weapons systems in the future. Emphasis
will be placed in 1978, for example, on R. & D. to:

• accelerate development of the M-X intercontinental ballistic
missile;

• develop new land warfare equipment, including the XM-1
tank and the Advanced Attack Helicopter;

• work on vertical and short takeoff and landing (VSTOL) aircraft
technology by the Navy.

Civilian.—Energy-related R. & D. is the largest component of the
civilian category, and health R. & D. the second largest. Other
substantial programs in this category include R. & D. relating to
agriculture, environment, transportation, and education. Civilian
applications of space technology are also included. Obligations for the
conduct of civilian-related R. & D. will total about $10.0 billion in
1978, an increase of $551 million or 6% over 1977. More specifically,
the 1978 budget includes funds to:

• provide for further growth in the overall level of basic research
supported by the Federal Government, chiefly through increasing
the basic research programs of the National Science Foundation,
the EnergAr Research and Development Administration, the
Department of Agriculture, and the National Institutes of
Health;
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2 9 2 THE BUDGET FOR FISCAL YEAR 1978

• begin, in the Department of Agriculture, a new 5-year program
of competitive grants for fundamental research in agriculture to
lay the groundwork for increasing crop productivity in the 1990's
and beyond;

• more than double the level of funding for earthquake research,
a,s part of a coordinated interagency program that includes
work on earthquake monitoring and prediction by the Geological
Survey and research in earthquake engineering and on the social,
legal, and economic aspects of earthquake prediction sponsored
by the National Science Foundation;

• increase funding for competitive research in health sciences sup-
ported by the National Institutes of Health while continuing, at
the high levels of recent years, research on human biological
processes and on the causes, prevention, and treatment of disease;

• initiate an effort to assess further the value of remote sensing
techniques for use in crop forecasting and other applications by
developing a fourth experimental earth resources satellite for
launch by the National Aeronautics and Space Administration
in 1981;

• substantially increase research supported by the Department of
Transportation to upgrade the air traffic control system, includ-
ing research on the use of satellites to control aircraft over the
North Atlantic;

• accelerate R. & D. in the Energy Research and Development
Administration on technologies to use domestic fossil fuel
resources in an environmentally acceptable manner—and at
reasonable cost—and further increase assistance to industry in
advancing energy conservation and solar and geothermal energy
technologies; and,

• increase R. & D. efforts on nuclear safety and safeguards at the
Nuclear Regulatory Commission and the Energy Research and
Development Administration, and continue development of
fusion technology and demonstration of the breeder reactor.

The largest increase for civilian R. & D. programs in 1978 will be
for energy-related R. & D. The agencies involved in developing
new energy technologies (chiefly ERDA) will increase in budget
authority for direct energy R. & D. (including facilities) from $2.9
billion in 1977 to $3.9 billion in 1978. Indirect or supporting energy
research will also increase, including research on the environmental,
health, and safety aspects of energy systems. More detailed analysis
of the Federal energy R. & D. effort is provided in the annual "Na-
tional Plan for Energy Research, Development, and Demonstration"
published by ERDA.

These and other increases in the civilian category will be offset
in part by decreases in the R. & D. programs of the Environmental
Protection Agency, the Department of Transportation, the Depart-
ment of Justice, and other agencies. Such decreases result from a
number of factors including the orderly termination of R. & D.
programs that have met their objectives.

Space.—This category includes those NASA programs oriented
primarily toward space exploration and shuttle development, and
excludes applications of space technology programs ^ such as the
remote sensing from space of Earth resources (categorized above as
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civilian R. & D.). Obligations for conducting space research and
development will total $3.2 billion in 1978, an increase of $68 million
or 2% over 1977. In 1978, NASA will:

• continue development and testing of two prototype space shuttle
orbiter vehicles and initiate procurement of three others to
establish a fleet of five shuttles that is expected to begin operations
from the Kennedy Space Center in Florida in 1980;

• initiate development of an Earth-orbiting space telescope to be
launched by the space shuttle in 1983;

• develop an orbiter and probe to conduct a comprehensive study
of Jupiter and its 12 satellites;

• continue a cooperative program with the European Space
Agency to build a space laboratory, to be carried into orbit by
the shuttle, for experiments in astronomy, life sciences, and
industrial processing.

CONDUCT OF BASIC RESEARCH

The Federal Government supports approximately 68% of the
Nation's basic research effort, that is the search for new knowledge
and understanding of basic phenomena and processes rather than
specific application of such knowledge. Research in such fields as
chemistry and physics, astronomy, materials, mathematics, ocean-
ography, biology, and social sciences precedes and underlies advances
in applied science. Universities and colleges, other nonprofit organi-
zations and some industries also support basic research, but from a
national point of view, industry as a whole tends to underinvest in
basic research because results are generally not immediately applicable
to the development of new products.

Obligations for the support of basic research (included in funds
for the conduct of R. & D. cited above) will increase from about
$2.8 billion in 1977 to more than $3.0 billion in 1978, as shown in
table P-3.

Table P-3. CONDUCT

Conduct of basic research, total

OF BASIC

1976
actual

2.5

RESEARCH (in

Obligations

1977 1978
estimate estimate

2.8 3.0

billions of

1976
actual

2.5

dollars)

Outlays

1977
estimate

2.6

1978
estimate

2.9

Overall Federal funding for basic research will increase 9% in
1978, an estimated 3% in constant dollars (that is, adjusted for
inflation). The 1978 budget continues the specific action taken in the
1977 budget to provide for such real growth in Federal support,
following an 8-year period from 1967 to 1975 in which overall support
for basic research declined in constant dollars. The National Science
Foundation, a key agency in fostering basic research in all fields of
science, will support basic research at a level of $688 million, a 12%
increase over its 1977 level. Other major supporters of basic research,
as shown in table P-5, are the National Institutes of Health, the
Energ}^ Research and Development Administration, the National
Aeronautics and Space Administration, and the Departments of
Defense and Agriculture.
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SUPPORT OF R. & D. AT COLLEGES AND UNIVERSITIES

Within the $26.3 billion proposed for R. & D. in 1978, $3.2 billion
will be obligated by the Federal agencies to support colleges and uni-
versities (including medical schools) in the conduct of research and
development, representing approximately two-thirds of the R. & D.
financed in these institutions from all sources.

Colleges and universities have traditionally been the primary
performers of basic research not only for the Federal Government,
but also for the Nation as a whole. Approximately half of the Federal
R. & D. funds that colleges and universities receive goes to conduct
basic research; approximately 40% to conduct applied research
(primarily medical), and the remainder to undertake development
activities. HEW and the National Science Foundation are the major
sponsors of R. & D. conducted at colleges and universities at estimated
levels of $1,600 million and $562 million, respectively, in 1978. DOD,
USDA, ERDA, and NASA will each provide more than $100 million
to colleges and universities in 1978.

LONG-TERM TRENDS IN FEDERAL SUPPORT FOR THE CONDUCT OF R. & D.

Federal funding for the conduct of research and development has
substantially expanded in scope and level since 1953. Chart P-l
indicates trends in Federal R. & D. funding in the defense, civilian,
and space categories for the last 25 years.

Conduct of Research and Development — Obli3ations P-I

1953 1955
Fiscal Years

I960 1965 1970 1975 1978
Estimate

Note.—See Table P—1 2 at the end of the analysis for the information used in preparing this chart.
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After World War II and until the establishment of NASA in
1958, the bulk of the Federal budget for research and development
went to defense-related activities sponsored by the Department
of Defense and the Atomic Energy Commission. Funding for defense-
related R. & D. has grown almost five times since 1953, although
as a percentage of total Federal R. & D. it has dropped from 90%
in 1953 to 50% in 1978.

Space programs grew rapidly after the launch of the Soviet Sputnik
in 1957, peaking in 1965-67 with the completion of major develop-
ment efforts for the manned lunar landing of 1969. Since then, Federal
R. & D. funding devoted to space-related activities has declined and
emphasis has shifted to the development of the space shuttle, the
exploration of the solar system and universe, and applications of
space technology.

Federal support of R. & D. for purposes other than defense and
space has increased steadily since the early 1950's, when the major
programs were those in agriculture, medicine, and atomic energy.
In the 1960's, new thrusts in housing, transportation, law enforce-
ment, and other domestic programs contributed to R. & D. funding
increases.

In the 1970's, civilian-oriented R. & D. has increased rapidly as a
result of continuing large increases foi health research, increasing
emphasis on applications of space technology for civilian use, and
particularly the expansion of energy R. & D. that began in 1973.

FACILITIES

Amounts for scientific and engineering facilities are considered
separately from funding for the conduct of research and development.
Obligations for the construction or renovation of facilities or for the
acquisition of major items of equipment used to conduct R. & D. will
increase by $181 million to about $1.6 billion in 1978. A variety
of general and specialized facilities are provided for in agency R. & D.
budgets.

Of particular note is the inclusion of funds in the ERDA and NSF
budgets for synchroton light sources that will employ radiation
to investigate the basic structure of materials and biological systems.
Funds are also provided to continue construction of the large colliding
beam facility at the Stanford Linear Accelerator to develop and
test new theories in high-energy physics concerning the ultimate
nature of matter. Construction of several other major projects will
continue, including a wind tunnel at NASA's Langley Research
Center, an aircraft engine test complex at DOD's Arnold Research
Center, and the unique NSF-funded very large array radiotelescope
at Socorro, N. Mex.
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PART II: AGENCY R. & D. PROGRAMS

Funding of R. & D. by the 29 agencies reporting expenditures for
this purpose is shown in table P-4.

Table P-5 displays estimates for the conduct of basic research by
major funding agencies.

Table P-6 shows funds for support of R. & D. at colleges and uni-
versities by Federal agencies.

Table P-7 separately aggregates obligations and outlays for the
construction and renovation of facilities used in the conduct of R. & D.
and for the acquisition of major items of equipment.

Summaries follow of the R. & D. activities of the 11 agencies that
support more than 98% of federally funded R. & D.

Table P-4. CONDUCT OF RESEARCH AND DEVELOPMENT BY MAJOR
DEPARTMENTS AND AGENCIES (in millions of dollars)

Obligations Outlays
Department or agency

1976 1977 1978 1976 1977 1978
actual estimate estimate actual estimate estimate

Defense-Military functions 9,592 11,132 12,317 9,329 10,391 11,919
Energy Research and Development Ad-

ministration. . . . . . . . . 2,499 3,610 4,064 2,225 3,168 3,735
National Aeronautics and Space Adminis-

tration 3,488 3,800 3,833 3,521 3,557 3,745
Health, Education, and Welfare 2,543 2,910 2,976 2,566 2,532 2,799
National Science Foundation 617 693 766 623 650 724
Agriculture 467 530 579 460 544 573
Interior 322 349 355 315 342 351
Transportation 274 367 359 303 337 336
Environmental Protection Agency 221 311 266 251 313 277
Commerce 228 247 250 224 243 258
Nuclear Regulatory Commission 94 122 148 81 114 138
Veterans Administration 103 116 118 97 108 112
Housing and Urban Development 61 55 60 54 59 60
Agency for International Development.. 24 27 42 23 24 32
Justice 44 45 36 48 46 41
Labor 26 35 36 24 34 35
Smithsonian 26 31 32 28 31 31
Tennessee Valley Authority 19 32 31 19 32 31
All other i 46 49 54 42 49 54

Total 20,694 24,461 26,322 20,233 22,574 25,251

1 Includes the Departments of State and Treasury, the Corps of Engineers, the General Services
Administration, the Arms Control and Disarmament Agency, the Consumer Products Safety Com-
mission, the Civil Service Commission, the Federal Communications Commission, the Federal Trade
Commission, the Library of Congress, and the Advisory Commission on Intergovernmental Relations.
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Table P-5. CONDUCT OF BASIC RESEARCH BY MAJOR DEPARTMENTS
AND AGENCIES (in millions of dollars)1

Obligations Outlays
Department or agency

1976 1977 1978 1976 1977 1978
actual estimate estimate actual estimate estimate

Health. Education, and Welfare 660 744 796 694 644 745
(National Institutes of Health) (590) (659) (710) (627) (568) (662)

National Science Foundation 541 612 688 534 574 650
Energy Research and Development

Administration.. . . . 346 389 427 330 370 413
National Aeronautics and Space Admin-

istration 298 352 365 297 321 360
Defense—Military functions 248 274 314 225 279 314
Agriculture 171 193 215 168 200 210
Interior \2\ \27 143 125 125 137
Smithsonian 26 31 32 28 31 31
Commerce 22 25 24 21 24 25
Environmental Protection Agency 14 21 18 13 21 14
Allother2 16 17 19 16 15 20

Total 2,463 2,785 3,041 2,451 2,604 2,919

1 Amounts reported in this table are included in totals for conduct of R. & D.
2 Includes the Departments of Justice, Labor, Transportation, and State; the Veterans Adminis-

tration, the Civil Service Commission, the Consumer Product Safety Commission, the Corps of
Engineers, and the Library of Congress.

Table P-6. RESEARCH AND DEVELOPMENT SUPPORT TO COLLEGES
AND UNIVERSITIES (in millions of dollars)1

Obligations Outlays
Department or agency

1976 1977 1978 1976 1977 1978
actual estimate estimate actual estimate estimate

Health, Education, and Welfare 1, 423
(National Institutes of Health) (1,215)

National Science Foundation 445
Defense—Military functi ons 291
Energy Research and Development

Administration 144
Agriculture 125
National Aeronautics and Space Admin-

istration 119
Environmental Protection Agency 33
Interior 31
Commerce 31
Agency for International Development __ 13
Transportation 15
All other2 20

1,577
(1.341)
497
312

170
141

117
42
32
33
14
23
22

1,600
(1,373)
562
339

223
169

120
38
34
30
29
24
24

1,459
(1.266)
446
282

129
115

111
22
31
27
13
20
20

1,287
(1,056)
463
312

152
145

116
33
31
29
15
20
18

1,415
(U95)
521
353

200
156

119
31
34
28
24
23
23

Total 2,690 2,980 3,192 2,675 2,621 2,927
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Table P-7. RESEARCH AND DEVELOPMENT FACILITIES BY MAJOR
DEPARTMENTS AND AGENCIES (in millions of dollars)

Obligations Outlays

Department or agency 1976 1977 1978 1976 1977 1978
actual estimate estimate actual estimate estimate

Energy Research and Development
Administration 412

Defense-Military functions 141
National Aeronautics and Space

Administration _ 94
National Science Foundation 52
Transportation 14
Agriculture 16
Health, Education and Welfare 28
Commerce _ 7
Veterans Administration 12
Environmental Protection Agency 6
Tennessee Valley Authority _. . 10
All other1 9

681
468

146
39
25
23
25
7
9
7
13
12

1.014
347

161
47
22
15
15
7
4
2
1
1

370
141

120
50
12
9
45
8
3
7
16
3

473
166

125
37
20
35
31
6
10
5
13
13

670
311

133
45
19
23
21
5
9
5
1
6

Total 801 1,455 1,636 784 934 1,248

1 Includes the Departments of Justice and Interior, the Nuclear Regulatory Commission, and the
Smithsonian Institution.

DEPARTMENT OF DEFENSE

The research and development budget of DOD is larger than that of
any other Federal agency, and comprises about 47% of the total of
R. & D. funding in the 1978 budget. The primary purpose of DOD
R. & D. is to develop new weapons systems to improve the Nation's
defense. The 1978 budget continues the development of major strategic
and tactical programs. Research and technology in areas related to
DOD missions will be increased. Obligations for the conduct of R. & D.
in 1978 will total $12,317 million, an increase of $1,185 million over
1977, while obligations for R. & D. facilities will decrease from $468
million in 1977 to $347 million in 1978, reflecting completion of major
portions of an aircraft-engine test complex at the Arnold Engineering
Development Center in Tennessee.

In strategic weapons programs, development of the M-X inter-
continental ballistic missile will be accelerated, while work will
continue on improving ballistic missile warheads. Two long-range
cruise missiles—for air and sea launch—will also continue in develop-
ment. Efforts on antiballistic missile technology will be maintained,
as will further development efforts on two systems now in production—
the B-l strategic bomber and the Trident submarine.

Programs to develop weapons for tactical forces reflect increased
emphasis on the XM-1 tank and the Advanced Attack Helicopter.
Other important weapons systems under development include the
Air Force F-16 aircraft, the Navy F-18 aircraft, and the Patriot
surface-to-air missile. The combat potential of remotely piloted
vehicles and of high-energy lasers will continue to be studied and
tested. Efforts to standardize weapons systems among the NATO
allies include seeking commonality of components for main battle
tanks and adapting the French/German Roland short-range air
defense missile system.
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The Navy will pursue development programs in antisubmarine
warfare and fleet air defense, and will continue development of a
surface effects ship, which operates on an "air cushion" above the
water. Development of a tactical cruise missile to improve the strike
capability of combat ships will also continue. Navy effort on vertical
and short takeoff and landing (VSTOL) aircraft will increase.

As part of the space shuttle development program, DOD in con-
junction with NASA will continue developing a booster for high-
altitude orbits and will prepare Vandenberg Air Force Base in Cali-
fornia for west coast shuttle launch and recovery operations.

Table P-8. DEPARTMENT OF DEFENSE—MILITARY RESEARCH AND
DEVELOPMENT (in millions of dollars)

Type of activity 1976 1977 1978
actual estimate estimate

OBLIGATIONS

Conduct of R. & D.:
Research, development, test, and evaluation:

Technology base 1,482
Advanced technology development _ 557
Strategic programs... ._ 2,222
Tactical programs 2,895
Intelligence and communications. _ 887
Programwide management and support 1,131

Other appropriations 418

Total conduct of R. & D _ _

Total conduct of basic research included above
Total conduct of applied research, included above
Total conduct of development, included above

R. & D. facilities

Total obligations 9,733 11,599 12,664

OUTLAYS

Conduct of R. & D 9,329 10,391 11,919
R. &D. facilities 141 166 311

1,706
643

2,252
3,719
1,047
1,326
440

1,881
685

2,444
4,413
1,165
1,306
423

9,592

248
1,107
8,238
141

11,132

274
1,299
9,558
468

12,

1,
10,

317

314
437
566
347

Total outlays 9,470 10,557 12,230

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

ERDA was established in 1975 to be the major Federal agency for
the planning, coordination, and conduct of energy R. & D. programs.
Of all civilian R. & D. (i.e., not related to defense missions or to
space exploration), energy R. & D. is the largest single component—
and it is growing at a faster rate than R. & D. directed toward other
civilian objectives. ERDA also funds a substantial program of R. & D.
related to the development and testing of nuclear weapons.

Obligations for the conduct of «11 R. & D. by ERDA will total $4,064
million in 1978, an increase of $454 million or 13%. Of this total, obli-
gations for the conduct of nonmilitary R. & D. will increase from
$2,840 million in 1977 to $3,238 million in 1978. Obligations for the
conduct of R. & D. for military purposes will increase from $770
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million in 1970 to $826 million. Obligations for construction and equip-
ment will total $1,014 million, an increase of $333 million.

Increases for the facilities as well as for the conduct of R. & D. are
directed toward accelerating R. & D. on all major technology options
to supplement—but not supplant—R. & D. being funded by the
private sector. New or improved methods of generating electricity will
be emphasized. Conservation, and geothermal R. & D. will be in-
creased, efforts in the fossil energy programs will be accelerated, and
R. & D. on the nuclear fuel cycle will be expanded (with special
emphasis on ways to dispose of radioactive waste and to prevent
diversion of materials that could be used to build nuclear weapons).
In addition, programs in basic scientific research will be strengthened
to build up the technology base for long-range energy R. & D. efforts.

Major increases are proposed in programs to demonstrate the pro-
duction of synthetic fuels from coal, to develop technologies to increase
oil and gas production, to burn coal more efficiently and to extract
gas and oil from shale. Continued funding for solar and geothermal
R. & D. will be used to further develop new technologies that will
provide electricity, thermal energy, and clean fuels in an economi-
cally sound and environmentally acceptable manner. Increases are
also provided to further assist private sector efforts to develop, market,
and use conservation methods and technologies.

Increases are provided for fusion power development programs to
allow continued research on three approaches to magnetic confinement
fusion as well as for continued research on the laser fusion approach.

In the fission power development and demonstration area, pro-
grams for improving the assessment of domestic uranium resources
will be accelerated, as will development of advanced uranium enrich-
ment techniques. Efforts to control the spread of nuclear weapons
capabilities will be expanded b}̂  ERDA and other Federal agencies
through the development of technologies that minimize proliferation
risks, and through the development and evaluation of information
to be used by the President in 1978 to determine whether reprocessing
of nuclear fuel can be conducted in a manner consistent with national
nonproliferation objectives. The liquid metal fast breeder reactor
(LMFBR) program will continue, as a means of developing infor-
mation on the safety, environmental impact, safeguards, and com-
mercial viability of this technology necessary for a decision in 1986
on the acceptability of widespread commercial depWment.

In ERDA's environmental R. & D. program, biomedical and en-
vironmental research studies will be expanded, mainly to support the
development of nonnuclear energy technologies.

The basic energy sciences program will be expanded in the fields of
nuclear science; materials sciences; and molecular, mathematical, and
geosciences in support of long-range advancements in energy tech-
nologies.

Development will continue on improved naval nuclear propulsion
plants and reactor cores. Increases in the weapons program provide for
the development and design of new weapons types, and underground
testing of these devices. •

The ERDA's budget for construction of research and development
facilities includes funds for a 10 MWe solar thermal central receiver
pilot plant, new mirror experimental facilities for magnetic fusion
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research, and high energy gas laser facilities at the Lawrence Livermore
Laboratory and at the Los Alamos Scientific Laboratory.

Included in the liquid metal fast breeder reactor program is funding
for the Safety Research Experimental facilities project and for a high
performance fuel laboratory that will develop and demonstrate remote,
automated, and fully safeguarded mixed plutonium and uranium oxide
fuel fabrication technology. Two new environmental research facilities
are provided for under the environmental research and development
program, while the high energy physics program provides funds for
continuation of the positron-electron colliding beam facility begun in
1977. The 1978 estimate also includes funding for high intensity ura-
nium beams in the nuclear physics program and for the national syn-
chrotron light source, a new facility for using radiation to investigate
the basic structure of materials and biological systems.

Table P-9. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRA-
TION—RESEARCH AND DEVELOPMENT (in millions of dollars)

Programs and groups of programs 1976 1977 1978
actual estimate estimate

OBLIGATIONS

Conduct of research and development:
Direct nuclear energy research and development:

Fission power reactor and nuclear fuel cycle
Laser and mangnetic fusion
NRC safety facilities
Nuclear materials security and safeguards

Subtotal
Direct nonnuclear energy research and development:

Fossil
Solar
Geothermal
Conservation

Subtotal
Supporting energy research and development:

Environmental research and development
Basic energy sciences

Subtotal
Weapons and naval reactor R. & D

Other:
High energy and nuclear physics
Space application and other programs

Subtotal

Total conduct of research and development

Total conduct of basic research, included above
Total conduct of applied research, included above
Total conduct of development, included above

Research and development facilities

Total obligations

OUTLAYS
Conduct of R. & D
R. & D. facilities

Total outlays 2,595 3,641 4,405

240-700 O - 77 -20

551
191

12

753

323
93
31
66

512

135
113

248
717

208
60

268

2,499

346
369

1,764
412

2,911

2,225
370

916
263
28
27

1,235

547
261
53
155

1,016

161
129

289
770

235
65

300

3,610

339
475

2,747
681

4,291

3,168
473

1,222
316
24
38

1,600

514
229
86
154

983

181
147

328
826

256
71

327

4,064

427
531

3,107
1,014

5,078

3,735
670
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

The entire NASA budget is considered research and development.
In 1978, NASA will seek to maintain a balanced program across all
of its activities—shuttle development, space exploration, applications
of space technology, and aeronautical R. & D. Obligations for the
conduct of R. & D. will increase by $250 million in 1978 to a total of
$3.8 billion. Obligations for the construction of facilities will total
$162 million, an increase of $44 million above 1977. These increases
are related to the continuation of space shuttle development and to
the start of several new programs, including the Earth-orbiting space
telescope, an orbiter/probe to investigate Jupiter, and a fourth
experimental Earth resources satellite (Landsat-D).

Funding is provided in 1978 to continue orbiter development and
flight testing and to start the procurement of an operational fleet of
five space shuttle orbiters. The space shuttle will provide the capability
for a wide variety of uses (including placing satellites and laboratories
in Earth orbit and recovering satellites for service and repair), with
greater flexibility and cost savings than is possible with the present
expendable launch vehicles. The program is proceeding toward the
first approach and landing test in 1977, the first manned orbital flight
in 1979, and initial operational capability by mid-1980. NASA plans
to achieve, by 1982, a full operational capability of five shuttle
orbiters operating from facilities at the Kennedy Space Center in
Florida and at Vandenberg Air Force Base in California.

The space science programs will continue to emphasize the explora-
tion of the solar system and the universe using unmanned spacecraft.
A new mission, the Jupiter Orbiter/Probe, to be launched in 1981
is included in the 1978 budget. Two Pioneer spacecraft are continuing
the exploration of the outer planets—one spacecraft is now escaping
the solar system and the other will fly by Saturn in 1979. Two Viking
unmanned orbiter/lander spacecraft launched to Mars in 1975 are
now mapping the planet from orbit and continuing several geophysical
and biomedical experiments. Two Mariner spacecraft are being de-
veloped for Jupiter-Saturn flyby missions scheduled for launch in
1977. An orbiter and probe are being developed for launch to Venus in
1978 to initiate atmospheric investigations of that planet.

In addition to the planetary missions, development will continue
in 1978 on spacecraft to conduct high energy and ultraviolet astronomy
from Earth orbit. High energy astronomy observatories will be
launched during 1977-79 to study X-ray, gamma-ray, and cosmic-ray
sources in the galaxy and distant parts of the universe. Work is pro-
ceeding on the solar maximum mission satellite which is scheduled to
be launched in 1979 to study the Sun during the next period of peak
solar flare activity in 1979-80.

Particularly noteworthy is the inclusion of funds in the 1978 NASA
budget to begin development of the advanced Earth-orbiting space
telescope. This observatory, capable of viewing objects as far away as
60 billion light-years, could help mankind better understand the com-
position, origin, size, and history of the universe. The project is
designed to capitalize on the unique environment of space, above the
obscuring effects of the Earth's atmosphere. The telescope will be
launched by the space shuttle in 1983.

In the space applications program, NASA is continuing develop-
ment of a third Earth resources technolog}^ satellite (Landsat-C),
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Table P-10. NATIONAL AERONAUTICS AND SPACE ADMINISTRATION-
RESEARCH AND DEVELOPMENT (in millions of dollars)

Program and type of activity 1976 1977 1978
actual estimate estimate

BUDGET PLAN
Conduct of R.&D.:

Space flight 1,556
Space sciences 433
Space applications 178
Space research and technology 75
Aeronautical research and technology 175
Energy technology applications 6
Supporting activities 248
Research and program management 776

,637
379
198
82
190
6

263
829

1,749
405
228
97
230
5

290
830

Total conduct of R. & D. budget plan 3,447 3,583 3,833

Total conduct of basic research, included above 293 320 365
Total conduct of applied research, included above 930 989 1,060
Total conduct of development, included above 2,224 2,274 2,408

R . & D . facilities 82 118 162

Total budget plan 3,529 3,701 3,995

OUTLAYS
Conduct of R . & D 3,521 3,557 3,745
R.& D. facilities 120 125 133

Total outlays 3,641 3,682 3,878

to be launched in late 1977 or early 1978 to conduct further experi-
ments on the use of satellites for agricultural forecasting, identifying
geological features, and other applications. R. & D. will begin on a
fourth, and more advanced Earth resources satellite (Landsat-D),
for launch in 1981. Development is also proceeding on Tiros-N to
provide major improvements in weather forecasting, and on the heat
capacity spacecraft to be launched in 1978 to sense potential sources
of geothermal energy. In the area of environmental quality, devel-
opment is proceeding on Nimbus-G, scheduled for launch in 1978
to demonstrate the capability of monitoring worldwide pollution
from space, and on Seasat-A, to be orbited in 1978 to monitor ocean
conditions.

Aeronautical research and technology will continue to emphasize
the reduction of aircraft engine noise and fuel consumption. A major
budget increase is requested in 1978 to develop technology, by 1985,
to reduce fuel consumption in commercial transports. The level of
support for fundamental studies in aeronautics will also be increased.

DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

Department of Health, Education, and Welfare (HEW) obligations
in 1978 for the conduct of R. & D. will increase by $66 million over
the 1977 level, reaching a total of $2,976 million. Obligations for
R. & D. facilities will be $15 million.

The largest share of the Department's R. & D. funds is devoted to
the biomedical area. The National Institutes of Health (NTH) is the
primary source of support for health research in the United States
with obligations of $2,280 million in 1978. These funds will finance

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

1978



3 0 4 THE BUDGET FOR FISCAL YEAR 1978

research into human biological processes and the mechanisms of such
diseases as cancer, heart and lung diseases, arthritis, diabetes, and
venereal disease. Basic research in areas such as cell biology and
genetics will be increased through the use of competitive extramural
grants. Funding for studies of carcinogens in the environment will be
increased, to support programs of the Environmental Protection
Agency.

HEW also supports research into the basic biological and behavioral
processes affecting mental health and illness, as well as the biochemical
and psychological mechanisms related to psychiatric disorders and
substance abuse. Research efforts to discover new approaches to pre-

TableP-11. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE-
RESEARCH AND DEVELOPMENT

(In millions of dollars)

Program areas and organizational units 1976 1977 1978
actual estimate estimate

OBLIGATIONS

Conduct of R. &D.:
Health:

National Institutes of Health
Alcohol, Drug Abuse, and Mental Health Administration.
Food and Drug Administration
Center for Disease Control
Health Resources Administration
Assistant Secretary for Health
Health Services Administration

Subtotal, health

Education:
Office of Assistant Secretary for Education
Office of Education
National Institute of Education ^

Subtotal, education

Welfare:
Office of Human Development
Social Security Administration
Departmental Management

Social and Rehabilitation Service

Subtotal, welfare

Total conduct of R. & D. obligations
Total conduct of basic research, included above
Total conduct of applied research, included above
Total conduct of development, included above

R. & D. facilities

Total obligations

OUTLAYS

Conduct of R. & D
R. & D. facilities

Total outlays 2,610 2,562 2,820

2,005
140
36
46
36
11
15

2,289

13
63
70

145

63
14
25
7

110

2,543
660

1,444
439

28

2,571

2,566
45

2,215
154
41
55
37
14
12

2,527

13
158
90

261

73
20
20
9

123

2,910
744

1,598
569

25

2,935

2,532
31

2,280
146
47
56
32
14
10

2,585

19
140
109

268

68
23
22
9

123

2,976
796

1,608
572

15

2,991

2,799
21
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vention and treatment of drug abuse, alcohol abuse, and mental
illness will be continued. Research will also be conducted in such
diverse health services areas as long-term care, malpractice insurance,
and cost containment. In addition, demonstrations of health mainte-
nance organizations will be funded.

The National Institute for Education (NIE) is the focal point for
educational R. & D. NIE supports research in the areas of equality
of education; essential skills education; education and work; dissem-
ination of research information; and school finance, productivity,
organization, and management. R. & D. obligations by NIE will
increase by $19 million, from $90 million in 1977 to $109 million in
1978.

The total obligations for the conduct of R. & D. in human services
and welfare programs will remain level, at $123 million. The Office of
Human Development, whose obligations will total $68 million in 1978,
will continue to fund R. & D. activities that support its role in
providing ameliorative services to the aged, physically and mentally
handicapped, Native Americans, children, and other subgroups of
the population-at-risk.

NATIONAL SCIENCE FOUNDATION

Obligations for the conduct of R. & D. will increase from $693 million
in 1977 to $766 million in 1978, representing an increase of 11% in the
Foundation's research support activities. In addition, $47 million will
be obligated for research facilities in 1978, an increase of $8 million
above 1977.

Most of the increase in the Foundation's budget will be designated
for support of basic research in a number of scientific disciplines.
Funding for support of basic research will increase from $612 million
to $688 million, or about 12%, representing a continuation of the
initiative in the 1977 budget of providing some real increase in the
overall level of Federal basic research support following a decline in
overall funding from 1967 to 1975 (in inflation-adjusted dollars).
One area of particular emphasis in 1978 will be support of advanced
instrumentation in chemistry, biology, physics, materials, and other
fields. Other areas of research emphasis include fundamental earth-
quake studies, basic plant sciences, and key aspects of human behavior.

In keeping with a Presidential initiative on earthquake prediction
research involving NSF and the U.S. Geological Survey, the Founda-
tion's applied research program will stress engineering of structures to
better withstand earthquakes, and study of the legal, legislative, social,
and economic issues relating to earthquake prediction.

Funding will be increased for major programs in astronomy,
atmssphsric, Eirth, and ocean sciences. Funding will be continued for
the Antarctic program and for a broad range of international science
and technology efforts conducted through bilateral and multilateral
arrangements. Construction and limited operation of the Very Large
Array radiotelescope will continue.

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

1978



3 0 6 THE BUDGET FOR FISCAL YEAR 1978

DEPARTMENT OF AGRICULTURE

Obligations of the Department of Agriculture for the conduct of
research and development, excluding construction of facilities, will
increase from $530 million in 1977 to $579 million 1978.

Currently, new technology in food production and related areas is
being utilized as rapidly as it is developed. In addition to hastening
the achievement of applied research results, basic research leading
ultimately to breakthroughs in the state-of-the-art of agricultural
production methods is needed to meet long-range food needs in the
United States and throughout the world. Since the results of such
research may not reach the application stage for many years, research
must be initiated now if food needs projected to the year 2000 and
beyond are to be effectively met.

Additional funds will be provided in 1978, primarily for an expanded
competitive grants program in basic research open to the entire
scientific community. These funds will be applied to four major areas
of research related to meeting long-range food needs: nitrogen fixation,
photosynthesis, genetic engineering, and crop protection from pests
and diseases.

Research will be initiated in existing programs to develop crop-loss
appraisal and assessment systems, and current research on genetic
vulnerability will be increased substantially. Research initiated in 1977
will be continued in 1978 on pesticide impact assessment to determine
the consequences of major pesticide use curtailment by EPA and to
develop supportive information aimed at continued registration of
vital agricultural pesticides.

Economic research will include increased effort to analyze Federal
credit programs in rural areas, and a new effort to assess the impacts of
existing food, nutrition, and income assistance programs and possible
alternatives. Forest Service research will include the initiation of an
assessment of supply, demand, and utilization of forest and other
renewable resources as required by the Forest and Rangeland Renew-
able Resources Planning Act of 1974.

The Department of Agriculture, in cooperation with State and
private research organizations, will continue development of a national
system designed to improve coordination in the planning, financing,
and evaluation of agricultural efficiency and effectiveness of agri-
cultural research.

DEPARTMENT OF THE INTERIOR

Obligations for the Department of the Interior for the conduct of
research and development will increase from $349 million in 1977 to
$355 million in 1978.

An area of special importance in the Department's 1978 R. & D.
program is accelerated funding for basic and applied research to try
to achieve a reliable capability to predict major earthquakes within
10 years and to define national and regional earthquake hazard areas.
Funding for earthquake-related research performed or funded by the
U.S. Geological Survey will more than double (from $11 million in
1977 to $28 million in 1978), as will funding for related research
supported by the National Science Foundation. A capability to
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predict reliably the timing and area of earthquakes could lead to
reducing potential damages.

Research programs are also conducted by the U.S. Geological
Survey to provide an accurate appraisal of the Nation's mineral
resources, including new or improved methods, and techniques and
instruments for mineral exploration on land and submerged continen-
tal margins. An extensive program of investigation of new technologies
for surface and underground mining by the Bureau of Mines is de-
signed to lead to improvements in productivity and in mine health and
safety and to a reduction in the environmental impact of mining.

The efficient allocation and conservation of scarce water and water-
related resources will be studied by the Bureau of Reclamation.
Studies directed toward better understanding of basic principles of
hydrology necessary for the appraisal and evaluation of the Nation's
water resources, including the effects of underground waste storage,
will be undertaken by the Office of Water Research and Technology.
Special studies will be conducted by the Bonneville Power Adminis-
tration involving electric energy planning, the development of new
transmission and equipment design concepts to improve system per-
formance, and development of new power system control techniques.
Participation in the ERDA wind energy research development and
demonstration program will continue.

Research is conducted by the Fish and Wildlife Service to improve
the management of habitat to protect fish and wildlife resources and
the environment in general. Studies supporting the direct management
of fisheries and migratory birds include such subjects as population
dynamics, fish disease prevention and control, restoration of en-
dangered species, and the effects of toxic substances.

Archeological investigations and salvage are carried on by the
National Park Service in various areas threatened by inundation
through reservoir construction and other Federal or federally connected
construction activities.

DEPARTMENT OF TRANSPORTATION

Obligations for the conduct of R. & D. by the Department of Trans-
portation are estimated at $367 million for 1977 and $359 million for
1978, reflecting a carryover of obligations from 1976 to 1977. In
1978, obligations for air and urban transportation will increase,
while those for highway and marine R. & D. will remain essentially
level. Highway safety and railroad R. & D. obligations will decrease,
although their budget authority will increase.

Air transportation R. & D. will increase by $6 million to provide
for continued technological upgrading of the air traffic control system
and for improved surveillance, communication, and landing aids
development. The Aerosat program, a joint U.S./Canadian/European
effort to evaluate the use of satellites to improve air traffic control
operations over the North Atlantic air routes will be emphasized.

Advanced traffic management systems to increase the capacity and
reduce delays on the Nation's highways system will continue to be
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developed. Highway traffic safety research will continue to emphasize
accident investigation and data analysis and will support the setting
of Federal safety standards leading to improved vehicle occupant
protection, the reduction of drug and alcohol related accidents, and
the improvement of driver performance.

Urban mass transportation R. & D. will be increased by $6 million
for technology to improve buses, urban rail systems, and automated
guideway transit systems, including technical support for the down-
town people mover program. People movers are under design in St.
Paul, Houston, Los Angeles, and Cleveland, and will be partially
funded by Federal capital grants. Demonstrations of improved transit
service, methods, and management techniques to improve the use of
current urban transportation systems will be emphasized. Results of
these demonstrations are intended to foster greater productivity from
the capital assets funded by Federal grants to local governments.

Railroad R. & D. funding will emphasize improved rail freight and
passenger services and rail safety research including equipment and
human factor failures.

Marine R. & D. will continue to stress pollution abatement and
control systems development, improved aids to navigation, and pro-
grams to enhance safety at sea, including commercial vessel and
recreational boating safety.

ENVIRONMENTAL PROTECTION AGENCY

EPA supports research and development to determine the sources
and effects of pollution. The overall objective is to provide a strong
scientific basis to develop standards and effective control strategies
and to identify and evaluate long-range environmental problems.
While obligations and outlays will drop in 1978, new budget authority
for the conduct of R. & D. will increase from $264 million in 1977 to
$266 million. An area that will be substantially expanded is that of
evaluating resource conservation and hazardous waste disposal tech-
niques, in support of EPA's program of regulating disposal of solid
waste.

The air pollution research and development program seeks to
develop predictive models for pollutant emission, transport, trans-
formation and removal, and to verify these riodels by actual measure-
ments. In 1978, air health effects research will include work on sulfates,
nitrates, and respirable particulates.

The goals of the water quality research program are to develop:
(1) criteria for clean, safe, ecologically stable water in various aquatic
environments; (2) useful and validatable monitoring methods; (3)
cost-effective and efficient wastewater treatment technology for both
municipalities and industries; and (4) strategies for control of pollution
from various nonpoint sources such as farming, mining, and oil spills.

Water supply activities include research, development, and field
evaluations designed to provide a dependable and safe supply of
drinking water. The program supports the development of valid
criteria for establishing standards for organic, inorganic, and micro-
biological contaminants of drinking water and the control technology
necessary for economic attainment of drinking water standards.

EPA's research program supporting regulatory activities with re-
spect to pesticides includes: the development of data required to sup-
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port administrative reviews and litigation; monitoring; development
of new methods of pest control; and development of long-term pesti-
cides research strategy.

The interdisciplinary program in health and ecological effects
includes the development of pollutant assessment documents and the
funding for EPA's contribution to the National Center for Toxi-
cological Research (NCTR), to study the long-term effects of low
doses of toxic chemicals by various exposure routes.

EPA's R. & D. programs also address the problems of toxic ma-
terials which cross traditional media lines; support for implementing
the new Toxic Substances Control Act; the use and development
of predictive techniques for early identification of substances most
likely to pose a hazard to man or the environment; implementation
of methods for monitoring air, water, and soil for selected toxic
chemicals; and development of strategies under a variety of Federal
authorities to control multimedia toxic pollutants.

EPA's energy R. & D. program seeks to assess the dangers to the
health and environment from the adverse environmental effects of
energy systems. Its primary goals are: (1) to provide a sound data
base necessary for the Agency to establish regulations, and (2) to
evaluate environmental control options for those extraction, proc-
essing, and utilization practices which can cause significant health and
ecological damage.

DEPARTMENT OF COMMERCE

Obligations for the conduct of R. & D. and for related facilities by
the Department of Commerce, will increase by $2 million to $256
million in 1978.

This reflects increases for the research and development programs
of the National Oceanic and Atmospheric Administration (NOAA)
and decreases in programs of the National Bureau of Standards
(NBS), the National Fire Prevention and Control Administration
(NFPCA), the Economic Development Administration (EDA) and
the Maritime Administration (MARAD).

The principal objectives of Department of Commerce, research and
development programs include continued improvement of the
Nation's environmental and weather prediction and warning capa-
bilities; management, conservation and development of fisheries re-
sources; studies concerning the causes and amelioration of economic
distress; development of technology to improve the competitive posi-
tion of the U.S. maritime industry; and encouragement of techno-
logical advancement through improved performance and measurement
standards.

NOAA will continue research in the area of improving the detec-
tion and tracking of weather systems and violent storms, the extension
of environmental forecasting, and the modification of severe storms
and hurricanes. NOAA also will continue its development of systems
and components in the area of mapping, charting, and marine descrip-
tion. Further, NOAA will increase research aimed at the conservation,
development, and management of fisheries resources and commercial
fisheries.

The National Fire Prevention and Control Administration will con-
tinue to conduct research to reduce the loss of life and property from
fires and will provide the essential technical knowledge on which new
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and improved fire prevention, control, and extinguishment efforts
can be based.

In 1978, the technology development and utilization programs of
NBS will emphasize (1) standards and measurement procedures,
(2) energy conservation and energy efficiency in industrial processes,
and (3) computer security techniques.

Eesearch and development activities conducted by EDA explore
the causes and consequences of economic distress and methods of
alleviating such conditions. Through demonstration projects, EDA
attempts to determine appropriate, specific responses to accomplish
economic development actions to directly benefit local and regional
economic development groups and organizations.

Major MARAD research and development efforts will be directed
toward techniques of building ships for less cost in U.S. shipyards,
developing new ship machinery, automating ship operations, and
developing the maritime research simulator. The National Marine
Research Center at Kings Point, N.Y., will continue to provide tech-
nology assistance to shippers and shipbuilders. In 1978, MARAD
programs will be funded at a slightly lower level than in 1977. This is
due to the termination of the nuclear ship project and planned com-
pletion of the ship operations information system (SOIS) program.

NUCLEAR REGULATORY COMMISSION

Obligations of the Nuclear Regulatory Commission for the conduct
of R. & D. will increase from $122 million in 1977 to $148 million
in 1978.

The Commission's R. & D. program is directed toward the improve-
ment of data needed on the safety, health effects, and environmental
impact of nuclear powerplants and other nuclear fuel cycle facilities.

The increased level of research will accelerate the confirmation and
quantification of the degree of conservatism used in present licensing
assessment methodologies and thus reduce the economic penalties asso-
ciated with overly conservative licensing criteria where they may exist.

OTHER AGENCY PROGRAMS

The remaining 18 agencies reporting R. & D. expenditures support a
total of 2 percent of federally funded R. & D. Like the programs of the
agencies providing the majority of R. & D. support, R. & D. programs
of these other agencies are closely related to the accomplishment of
their missions. For example, HUD supports R. & D. on lowering the
cost of housing production and on problems of housing safety and
security such as the hazards of lead-based paint or problems of housing
deterioration and neighborhood decay. The Veterans Administration
sponsors biomedical research on health care services and delivery of
rehabilitative services for disabled veterans. The Library of Congress
funds research in scientific communication and documentation, and in
paper chemistry. At the Department of Treasury, the Bureau of
Engraving and Printing supports technology on deterrents to the
counterfeiting of U.S. securities, while the U.S. Customs Service
investigates surveillance and inspection systems.
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A portion of the R. & D. budget of many agencies reporting such
expenditures goes to economic and policy studies concerning the
impact of proposed or existing legislation or regulatory standards. For
example, the Department of Labor's R. & D. budget is for impact
studies of laws and standards in such areas as occupational safety and
health and employee benefit plans. An important R. & D. activity at
HUD is the collection and analysis of economic and financial data
relevant to housing programs. In the 11 agencies reporting total R. & D.
obligations of $6 million or less, the entire R. & D. effort is devoted to
policy studies concerning agency activities.

SUPPLEMENTARY INFORMATION

The following table provides the information on long-term trends
that was used as a basis for preparing Chart P - l :

Table P-12. TRENDS IN CONDUCT OF R. & D. BY MAJOR PROGRAM
AREA (obligations in billions of dollars)

Civilian
Year Defense (other than Space Total

space)

1953 _.
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966 _
1967
1968
1969 _ _ .
1970
1971
1972 ______
1973
1974._
1975
1976
1977 (estimate)
1978 (estimate)

2.8
2.5
2.2
2.5
3.3
3.8
5.6
6.1
7.0
7.2
7.8
7.8
7.3
7.5
8.6
8.3
8.4
8.0
8.1
8.9
9.0
9.0
9.6

10.3
11.9
13.1

0.3
.3
.4
.5
.6
.7
.9

1.1
1.3
1.6
1.9
2.1
2.3
2.7
3.3
3.5
3.6
3.9
4.6
4.9
5.2
6.0
6.9
7.5
9.5

10.0

0.1
.3
.4
.8

1.4
2.9
4.3
5.0
5.1
4.6
4.2
3.7
3.5
2.9
2.7
2.6
2.5
2.5
2.9
3.1
3.2

3.1
2.9
2.5
3.0
3.9
4.6
6.7
7.6
9.1

10.3
12.5
14.2
14.6
15.3
16.5
15.9
15.6
15.3
15.6
16.5
16.8
17.4
19.0
20.7
24.5
26.3
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