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To the President and Members of Congress:

[ am pleased to transmit the secongi Five-Year Outlook-on science and techpology as required by the
National Science.and Technology Policy, Organization and Priorities Act of 1976.

This Five-Year Outlook, like its predecessor is based on-the premise that discoveries and'inventions
pounng forth, from the Nation’s. science and technology enterprise will -contifiue to have a profound
influence on.all aspects ‘of our ‘lives. The report identifics an array of cmergent 1ssucs that are likely to be of
concern to American.society during the next five years. It describes some of the problems; opportunities,
and constraints associated with the ‘use of sciencé and technology to help:define, illuminate and reiolw
those issues, and it examines several of the problems that may emerge as a result-of scientific and
technologncaLactnvntles themselves . e Lo

.

In preparing this report; the Foundatioh obtained the views of a number of scnenuﬁc organizations, ds well
as a range of Federal departments and_agencies. These contributions. collected:in.two accompanying
Source V(_)Imnes‘ reflect the vigor and diversity of American scienc? ar)ii technglogy, and I commend them
to your attention. Several themes persist amid this diversity. the shared responsibility of the public and
private sectors-for maintainingthe strength of the-Nation’s scienee and technology enterprise, the vital
contributions of science-and technology to-industrial innovation, productivity and economic growth, the
changlng international context of Amjerican science.and technology, the need to base-an ever-widening
range of policy decisions o beter scientific information, and the need to improve the level of sciemific and-
technologxcal literacy o1 all:-Americans to enable them to participate more productively in our increasingly |
technological society. Views of Government and non-Government-specialists on cach of these topics are
drawn together in this report and highlighted in its Executive Summary. ‘We have. also synthesized their
views about likely near-term problems, oppor!unmes and constraints associated with the applications of
-science and technology in such specific areas as agriculture, eneréy and th.: enviroriment, health, national
securlty, and.space. - .

I bellcve that this Five-Year Outlook providzs a useful framework for discussion in the Executive Branc
the Congress, and throughout the Nation about the best ways to focus our superlative national capabilities i |n
science and technology to help increase productivity and economic growth, strengthen our national

-defenses, make more effective use of our buman resour?s, and-improve the Juality of our lives and our

environment. {

Respectfully, .

[

John B. Slaaghter
Birector
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The Five-Year Outlook on science and technology and 1ts and technoloay as well as trends external to science and
companion, the Annual Science and Technology Reportto  technology that are likely.- to have impacts on their con-
the Congress, arc required by Title 11 of the Science and-  duet. The Five-Year Outlook also suggests ways in which
Technology Policy, Organization, and Prioritics Act of rescarch can contribute to illuminating and resolving
1976 (Public Law 94-282). Both reports are concerned  problems of national concern, and it points to constraints
with current and anticipated developments m science and ~ on the capacity of sciencé and technology to make such .
technology and the effects of those dcvelopments onso-  contributions. The Five-Year Outlook is not meant to, nor
ciety. Both are desngned to provide a partial.response to  does it, represent the offi cial policies of the U S Govern-
the need; expressed by-that legislation, for the Congressto  ment. Rather, it serves as an interagency discussion docu- '
.be “regularly informed of the condition, -health and vi- ~ ment and a focus for-raising problems that might merit ,/
tzﬂlty [of science and technology, and] the relation of policy consideration in the coming years. The Annual
science and technology to changing national goals™ (Sec- Science.and Teclriology Beport. on the other hand. is a
t1on.102(b)~(6)) and for the executive branch to be able to cumprehensive statement of the Adrninistration’s science
“1dentify-and assess emerging and future areas in which  and technology policy. It discusses specificissues of con-,
sclenice and technology‘ can be used effectively inaddress-  CCINto the Administration, selected because they are both
ing natronal and international problems’ (Sectior timely and important, and because the Federal Govern-
205(a)-(10)). ment has a I¢gitimate and significant role in their solutior.
Preparation of the two reports i the responsibility of the ~ The Annual Report also reviews Federally supported re-
Director of the NatlonalScnenceFoundatlon(NSF) Taken  search and development activities throug_.hout the’
in conjunction with the National Science Board s Science  Government.
Indicators, also prepared by NSF, they aim to provide a The two chapters that compose the body of the second
set of. tools-useful for policy planning and assessment.  Five-Year Outlook on sciénce and technology aim at two
More broadiy, they are intended as a framework fordialog  different, but related, objectives. Chapter Lfocuses on the
fﬁ"i’ﬁong the executive and legislative branches of the  impacts that science and technology are likely to have on
«  Federal Government, practitioners and users of science  problems that transcend or cut across specific substantive
. and technology in the public and private sectors, and the  fields or arcas of application and on the ways in which
i general public. Science Indicators provides quantitative ~ developments external to science and technology are
’ information, with some analyses, about récent trends in likely to affect their cunduct. 1ts emphasis is on trends
the resources devoted to science and technology and about  associated with four generic topics that are likely to con-
some quantifiable-impacts and outputs of scientific and  tinue to be important for at least the next 5 years: M
technological activities. The Five-Year Outlook offers a  Maintenance and Development of the Science and Tech-
more qualitative and, in sume sensc, complementary view  nology Base; (2) Contributions of Science and Technol- .
of present-and likely future trends. It idéntifies and de-  ogy to Industrial lnnovatlon Productivity, and Econpmic /
scribes current and anticipated develoﬁems in science ~ Growth; (3) The International Context of U.S Science
- vii
Q : E v




and Technology and’ (4) Science, Technology. and
Policym:akirig.

Chapter 11 15.concerned with the probablc effects of
developments in sciencé and technology in specific arcas
of application. It discusses issues associated #vith nine
functional categories. (1) National Security. (2) Space. (3)
"Health,-(4) Energy, (5) Natral Resources, (6) Environ-
ment, (7) Transportation, (8) Agriculture, and (9)
Education.

Ali'the broad themes that underlie [ht. discuissions 1n the
two chapters are drawn from source materials commis-
sioned by. NSF. Other pubhshed sources were also used:
occasionally to provide additional factual information or
to amplify. the discussions. :

The commissioned materials are published in two
Source Volumes. The first-volume consists of 17 chapters
prepared by the National Research Counci! on human
résources, .natural resources and envnronment research
frontiers, rescarch systems,,and new technologues The
chapters offer the perspectives of individuals active 1n
research in those areas. They do not necessarily reflect
policies of the National Science Foundatlon or the U.S.
Govemmcnt

_The second volume of source documents consists of the
views of individuals selected by two organizations—the
Comnmittee on Science, Engineering, and Public Policy of
the American Association for the Advancement of Sci-
ence, and the Social Science Researck Council. Their
contributions deal. respectively, with public policy: prob
lems associated with science and.technology, and with
current developments in social and behavioral science
disciplines. Again. the views and opinions expressed do
not necessarily reflect the policies of the National Scicnce
Foundation or the U.S. Government.

The second of the Svurce Volumes also, includes narra-*
tives prcp.:rcd by task groups representing 22 Federal
agencies. They deal with anticipated problems. oppor-
tunities, and constraints rclated to science. lLCIinOIOL)
and publu policy from the perspectives of the missions of
those agencies., Flndlly, the second Source Volume in-
cludes a selected. annotated bibliography of published
sources and an index to both Source Volumes.

Notes concerning the preparation of the Five-Year Oui-
look and the source materials appear in Appendix B.

Key to Abbréviations

Abbrevidations appearing in parentheses throughout Chap
ters 1 and Il refer to more complete discus..ions in the
Source Volumes, 1o sources contributed to the first Five-

" . N

.
Year Ou.[uok and to recent Scicnce Indicaters and An
nual Science and Technology Reports Citations to the
published litcrature appear as footnotes

Tuble 1—Key to Abbreviations Used in the Text to Cite Source Materials

Abbreviation Explanation

Abbreviation Explanation

|

Nongovernment Sources

NRC-1.23.. .. Contribution of the Nationat Rescarch Counenl
(in Source Yolume 1) by chapter number. Note:
NRG-Obs. refers to the discussion titled
*Observations,” by F Scitz and P. Handlér.
Contribution,of the Amencan Association for
the Advancement of Science (in Source Voluime
2) by chapter number. Note: AAAS-Obs,  *
refers to the discussion titled ™ Observations:
Racing the Time Constants.” by W. D. Carey.
Contribution of the Social Science Rescarch
Council (1n Source Voltme 2) by chapter
number. .

AAAS-1.2.3. ...

SSRC-§.23. . .

. " <
Federal Agency Task Group Narratives (In Source Volume 2)

NS Natjonal 'Sccum.\'
SPACE Spuce
HEALTH Health -
ENERGY Energy
GST General Science and Technology
NR Natural Resources
ENVIRON Environmen:
TRANS Transportation
AGR Agriculture”
EDUC Education s -
1A Intemational Alfairs
Other Sclected NSF Reports
Outlook 1 First Five-Year Ouilook, 1980

ASTR-LILIN

451-78: 51-80

Annual Science and Technology Reports:
1=1978, 1=1979. lll= 1980
Science Indicator- <erics: 78=1978, 80= 1980

viii
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Executive Summary -

3

America’s capabilities in science and technology have
provided the basis for its immeasurable LOﬂll‘lbullOn\ to
human_knowledge about the natural and the manmade
umversé. The deliberate and systematic application of that
knowledge has, in turn, contributed to improvements in
the quality of life and the environment, increased indus-
trial and agricultural productivity. economic growth, and
national secunity. Science and technology have provi&‘d
detailed 1information and analytical fools to assist in
weighing an-array of policy options and in assessing the
mnpact of policy choices. And scienee and technology
have become important adjuncts to Ameri¢an foreign
po.lcy —
This Five-Year Outlook is based on the premlse that the
unmustakable mﬂuence of science and technology on con-
., temporary trends and outcomes is unlikely to abate. It
idcntifies an array of-emerging national issues with high
science and technolpgy relevance that are likely to con-
front the Umted States during the next 5 years. It describes
some of the preblems. opportunities, and constraints as-
soctated with the use of science and technology to resolve
those issues, and it examines problems that may emerge as
a result of scientific and technological activities
themselves.

ix

The issues described in this report have been identified
in contributions from the National Rescarch Council. the
American Association for the Advancement of Science,
the Social Science Research Council. and a wide range of
Federal agencies whose missions ivolve science and
technology."Many of the issues are generic in the sensc
that they transcend or cut across specific substantive fields
or acknowledged acas of application. Those issues are
identified and described in Chapter 1—and summarized
below—under four headings: (1) Maintenance and De-
velopment of the Science and Technology Base; (2) Con-
tributions of Science and\‘l'cchno!ogy to Industrial Innova-
tion, Productivity, and Economic Growth: (3) The

‘International Context of U.S. Science and Technology;

and (4) Science, Technology, and Policymaking Other
current.and emerging issues ceater on problems.-oppor
tunities, and constraints that are closely related to particu-

lar substantivé fields. Those problems, opportunities, and
constraints are identified and described in Chapter II— .
and summarized below—under nine topical headings.
cach corresponding to one of niné¢ functignal categories:
(1) National Security, (2) Space, (3) Health, (4) Energy,
(5) Natural Resources. (6) Envnronment (7) Transporta-
tion, (8) Agriculture, and (%) Education. ' .

!
|

s \

.
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_ Generic Policy Issues*

MAINTENANCE AND DEVELOPMENT OF THE
. SCIENCE AND TECHNOLOGY BASE
)

The ability of American sciznce and technolog o sustain
their.record of achievement will-depend on iaaintaining
and developing the superlative infrastructure established
with public and private support since World War 11. Retro-
spective indicators demonstrate convincingly that the
United States has maintained its preeminence in scientific
research during the past 5 years. But signs of stress,
in'gluding resource constraints, demographic trends af-
fecting higher education, escalating .instrumentation
costs, and pressures for short-term returns on research
investments, may well become more pronoanced during
the next 5 years. With respect to tedhnology, the United

4
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States 1s no longer the undisputed world leader, as it was a
decade ago, in such basic areas as automotive design.
consumer eléctronics, scientific instrumentation, stecl-
making, ship construction, and rail transportation, in part
because Japan and Western Europe have reestablished the
intellectual and productive capacities that were destroyed”
by World War II. It is losing its lead in several key

of any diminution in the inventive capacity of American
scientists and engincers; rather, many perclclive a failure in
following up and implementing their innovations Yet the
above nroted stresses. if they do not abatc, could seriously
érode the science and technology base dnd therefore its
innovative capacity \pp. 2-3).

FINANCIAL RESOURCES . R

~

-Total (civilian and military) national investments in re-
search and development (R&D) in the United States are
greater than in France, West Germany, and Japan com-
_ bined. The ratio of total annual national investments in
R&D to Gross National Prodict (GNP) declined in the
Unitd States since 1967, but it is still higher than in all
other conntries. with the possible exception of the Soviet
Union. The U.S. civilian R&D per GNP ratio has
plateaued at about the same level as in the United King-
dom and France, but considerably below that of West
Germany and Japan. Moreover. R&D investments in
those two countries are more sharply concentrated in arcas
related to econvmic growth than is true in the United
States (pp._ 3-49). ,
During 1981, total national expenditures for all R&D
activities in'the United States were estimated to be $69 1
billion, with the Federal and industrial shares estimated at

*Page numbers 1 parentheses reter to detafed discussions in the body ol
the Fure-Year Outlvak. '

_defense:related.technologics. As.yetthere js no evidence ficldsiof_scicnge and technology to satisfy anticipated

47 percent and 49 percent, respe tively. Of the Federal
expenditures, approximately one half were allocated to
national security. National expenditures for basic res¢arch
during 1981 were estimated to be $8.8 billion, with the
respective Federal and industrial shares esymated at 68
and 16 perceat (p. 3). . ! ",

Financial resources in the private sector forconducting
R&D are-likely to remain constrained during the next 5
years, although improved economic conditions are ex-
pected to increase prospects for private .sector invest-
ments. Thus, there are likely to be continuing incentives
for structural changes that might facilitate research, in-
cluding greater use of centralized facilities and.coopera-
tive projects between university and industrial laborato-

—Tigs Cooperation aniong governnient, URIVErsiics. and
influstry in several defense-related aicas of basic science
and engineering will likely-increase (pp. 16-12).

HUNSAN RESOURCES

\ . .
If present undergraduate enrollment trends persist, there ,
shou\d continue to be encugh new.graduates in most b,r&gl

demands through the decade. However, spot shdrtagesdo——______
exist.n certain subspecialties, and others may develop. L
The greatest probléms at present appear related to engi- :
neers and computer scientists. University, faculties, the
armed services, and, 1n some critical fields private indus-
try are likely to continue to experience difficulties in |
recm'ting‘.\ and retaining qualified engincers;and computer
scientists,  particularly persons with advanced degrees

(pp. 7-8).

UNIVERSITY ‘RESEARCH

At present, umiversities and colleges and otganizations
associated with or adnumstered by universities conduct,
about 10 percent of alf the R&D 1n the United States and
about 50 percent.of all the basic rescarch. Universities are
likely to continue to expericnce problems related to the
costs of carrying out their activities and the decreasing
college age population from which-undergraduate and
graduate students érc drawn. Instrumentation_obsoles-
cence 1n such equipn.ent-intensive fields as physics, .
chemstry, computcr‘wcience, and the various ficlds of RN
engineering is likely\to continue as a serious problem. :
Openings for new Ph.D’s in many university science
departments arc likely to remain scarce into the next
decade (pp. 8-10).

The numbers of Ph.D’s awarded in engincering and
computer scicnce have f)ecn decreasing since the earl'yl
1970s, In contrast, and urilike the situation in most scien-'

“
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tfic disciphines, undergraduate enrollments 1n engineer-
i _ing and computer scienee have been increasing. and ap
Jplications for admission to programs in those fields are
projected-to increase  However, unless current faculty
recruitment problems are resolved, university engineer
ing and computer scicnce departments may not be able to
- maintain -enrollments at « level sufficient to continue t
: " meetanticipated Jemand at the bachglol\"s degree level In
addition, the lack of sufficient numbers-of Jualified fac
ulty members, coupled with the prowing obsolescence of
instruments and facilities, could have a ,neg.xh'xe effecton
basic engincering rescarch in the country (pp. 8 10). A
similar problem appcars to by developing in medical
science as a diminishing proportion of young physicians
opt for carcers in rescarch and ¢aching. That trer has
already led to vacancies on sevéral inedical school fac
- alfies (p- 49y R )

INDUSTRIAL RESEARCH ‘\

, Approximately 70 percent of all R&D'in the. Unitcd States
is conducted by private industry Dhring the next § years'a
good deal of industrial research is expected to focus on’
improving encrgy efficiency in processing and on.increas-

_ing productivity through automation, with the relative
importance of those concerns differing-among industries

] and among firms within-iadustrics (pp. 10-12).
MSinccqhunidﬂ@Qs\lhere has been a shift away from

mnvestments i Jong-range research in-saveral hey ULS.
2 X tdl A¢y Lo
industrics. o factor that nyay have contributed to the ero-
| ston of U.S. leadership in certan technologieal areas.
Industrial investments 1in long-range expluratory rescarch
doring the next 5 ycars will almost. certamly depensd
heavily un the seventy of foreign competition, the general
ceonumie situation. and the hikelihvud that the legal and
reguletory climate will aot unduly mpede the. commot-
s ctalization of results of R&D activ.ties. Changes in 1,.5.
tax laws dunng 1981 were designed sn part to stimulate
increased industrial investments in long-range R&D. In-
dustnal Jaburatories are alsu likely to seek to strenguicn
e
thewr hinks to other components of the U.S. research
system, particularly universities (pp. 10-12).

.

. . CONTRIBUTIONS OF SCIENCE AND
, TECHNOLOGY TO INDUSTRIAL INNOVATION,
PRODUCTIVITY, AND ECONOMIC GROWTH

. During the 1970s, th growth rate of American industrial
productivity lagged behind/that of other industrialized
{ countries, including France, West Germany, and Japan. In

) addition, the rate of industrial innovation n the United
States alsv appears to have lagged relative to thosTosn..
tries. Total sndostral R&D investments in thuse countnes
are also increasing fastor thar i the Umted States.

. Xi
Q . .
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A number of factors influence industrial nnovation, pro-

ductivity, and econumee_grovih. Research and deselop-

ment activitics are among:the mure l(ll[;uﬂai‘ll. sinee they

underhie the mnovation process and provide many of the

touls needed for increasing productivity. Prodactigty

growth also appears to be related to lung-tern: investmeits

1n baste research, American idustries with hagh rativs of

R&D investments to sales have consistently experienced .

substantially by her productivity growth rates than other S/

industries. There 15 no evidenge of any dininution 1n the,

mnovative capacity of U.S. suientists and enginegrs.

Rather.-luw rates of productivity growth in some indus-

tnes may denve from g farlorg to make sufficient use of

R&D results (pp. 12-16). ~ "
Productivity can “Q_:so be improved by incorporating )

existing innovatidns into industrial procisses ard through

thé successful-application o?b(ganizmional behavior data,
as Japan has demonstrated in the automotive und consum- .
er clectronics industries. Addilio?r}all\y, technological in- ~ . -
novations based on the results-of R&D activities can lead

to improvements 1n the quahty as opposed to the quantity

of goods and services. allhough[uch quahtaiiyg improve- '
ments are not easily transiated tnto measures of preductiv- " s
ity changes (pp. 12-16). / ’

/

INDUSTRIAL R&D INVESTMENTS

Whilc totd] real dullar outlay s for R&D by private industry
have_increased sobstantially since 1975, there has also T
beer. o marked shift away_from Jong term exploratory
resedrch doward short term m\ing in scyeral hey
industries. Factors beyond the control of indusiry van
diScourage lung-term R&D investments They include
generally high inflation .x\qd interest rate's, esvalating ener
gy wosts, Federal tax and patent policies. and Federal ’
regulatiuas that encourage short term defegsive research
sad lead 15 uncertzinties about the future marketadility of
R&D results (pp. 13-15).

The shift away from long-t¢rm investments and the
failure to capitalize pn existing )%&:\ ations in some indus
trics miay also be related to internal management prac )
tices, to recruitment procedures that select managers on ’
the basis of business skills rather than technical com-  _ ,
prehension, and to a reward systemt that emphasizes real
121ng short-term profits rather than investing in lung 1ange
inrovative potential (p. 15).

THE FEDERAL ROLE

During the next S years, the Federal Gurernnierlt 5 ex -
pected to focus on indirect means of encouraging private
industry to increase its long-term rescarch, imvestments
and on improving the Jimate for commerdiatizing the
results of its R&D activities In addition to improving the
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averall cconomic climate, the 1981 Economic Tax Recov-
ery Act inctuded R&D tax credits, accelerated deprecia-,
tion’ schedules, and othcr incentives to stimulate addi-*
tional corporate R&D investments. More favorable patent
and antitrust policies. as well as removal of disincentives
in the form of excessive Federal regulations are also like'y

to stimulate such ivestments. Many” believe that lhc
appropriatc Fe dzral role'is to support only long-fange,
high-risk rcscarch with :J potcnu:ﬂly high payoff Thus,
the Reagad Adm:mstrauon is not expecied to support
. R&D progranis of an cco‘nom:c subsidy nature excgpt in
areas such as défensc and;spacc where Government'is the
sole of pnmary éonsumcr (pp. 16, 17).

. .
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INDUSTRY-UNIVERSITY COOPERATION

Increased upiversity-industry cooperation applcars to be
an importar}t clement in strengtheming this country’s R&D
enterprise. ‘Such cooperation can take a number of forms,
including contracted research, jointly owned and operated
rescarch-facilities, and university-based industrial in-

stitutes. Coopcratyﬁ?'offcrs industry additional access to
long-range exploratory rescarch progfams as a source of
idcas;’knowlgdgc, and basic technologies for future inno

vation It provides universities with additional sourcés of

rescarch support and gives univegsity facultics and stu-

dents access o |ndustna| rescarch facilities and a more
realistic undcrstandmg of both the needs of industry and
avallablc industrial research opportunmcs The trend
toward greater research cooperation between industry and
-upiversitics appears to be largely mdcpcndcnt of direct
Federal mtcrvcntlon Anticipated increascs in umvcrsn(y-
mdustry coopcrauve rescarch during the next 5 years
should providé data on the effectiveness of various coop-
erdtive modés and on_the need for catalytic Federal sup-

port (p. I7). = .

K

_ THE INTERNATIONAL CONTEXT OF U.S.
SCIENCE AND TI:CHNOLOGY £ -

During the next 5 years, lrans and events abro.d par
ticularly in Western Europe. Japan, and the.U.S.5.R.,

will affect C.S. relations with those countries, the con-
duct of American:science and technology, and the rela
ticnships- of scierice and technology to U.S. domestic
concerns. The Feaeral Covernment is Ill\c,) tu continue tu
support mtcmatwnal collabprative efforts in scienee and
.technology™when such collaborations are clearly i the
‘natipnal interest. Issues associated with international re
-sougge management and the global environment v.,1l per
sis[:;'n the U.S. domestic ggenda, as will the perennial
problem of how best to use duience and technology to help
resolve problems related to puverty throughout the world

-.-\(p.' I8). - N .
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INTERNATIONAL COOPER, TION)

The mdustnahzed dcnrm.rm.u.s paruularly the Western
huropg:an nations, share many concerns -about likely
effects of financial and hum.ln resource eanstraints on the
conduct of science and technology. Thus. acentives for
cooperative international science and technology pro-
grams, particularly large. expensive programs of mutial
mtcn.sl and benefit 1n such areas as space and high-energy
physics that are unlikely to provide any single country
with a short-term competitive edge. may well increase.
Such cooperation 1s.expected to contiaue under the aus-
pices of official bilateral and nultiiateral g.gu.rnmcnt
agreements, through multinational corporations, and
through private arrangements betm;? individuals, re-
scarch organizatipns, and busiess hr\ns (pp- 18-20).

INTERNATIONAL COMPLTITION ~

Domgstic policies affecting R&D can have serious 1in-
pactson U.S. competitivencss abrogd. For example, since
n.gulatory policies among the industitalized democracies
vary. such American industries as the pharmaceutical
industry may be at a dlsadv.mt%gc campared to therr
foreignc 1pt.mor\ The effectsof regulations on interna-
llOlldl tcc‘l olog,) wmputm‘bn nced: ‘contynuing examina-
tlon on a lhse- by-case basts. during xlu. next 3 years.
Possible effdets on U.S. industry of additional tanaff barri-
ers 0. additional Ingh-technology export limtations also
need to be exanuned closely, pill‘llcUll\ll‘l) n view of the
vital comributions that R&D-intensive 1ndustries §re
making to the U.S. balance of f pay mu.ls tpp. 18-20).

~ \
SOVIET CAP.-\BILITILS IN SCIENCE AND Tl CHNOLOGY

The L.S.S.R. qppgars to nvest larguq fractaon of its

Gross.National Product in R&D and has ahigher propor-

* tion of its labor force engaged in R&D activities than any

Xii

other nation. Sovict scientists have made impressive con-

tributfons in several disciplines. and the country has made . ~

significant strides' in applying R&D in nu}i:lc.ar energy
dcvclopmcnt civil and mlllldl‘) Space ayltsitics. and na-
tional defense. However, the Suviet Gwon has thus far
f:*led to use its massive R&D investments fur fostering
innovations 1n manufactuning industrics and for ceonvnie
growth. \qugrmcmcnta i the productivity of the Suvict
Yabur fores have fallen sharply an reeent yars. The Suviet
leadership appears.ty recogmize that wath labor, encrgy,
and capital constraints becoming more severg. the coun
try’s productivity wll have, 19 improve rapudly to meet
even its modest ceonumic z,ruv\‘th la.gets. huweser, Suviet
leaders appear unwilling to t.‘lu. the newessary steps to
improve productivity. The centrally planned nature of the
Sovict ceonumy, the rfgid institutional barricrs that exist
between the R&D and the industrial sectors, and the

c13 .
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< absence of any strong ceonunue driving force may be
-difficult-obstacles to overcome i stmulating innovation-

and economic growth (pp. 20-21).

The appropriate degree and form of science and tech-
nolugy couperation with the U.S.S.R. depends on many
factors, The political chmate between the Umited States
and the Suviet Union plass a large role m determining the
vulume of these exchanges. as does the willingness af the
Suviets to provide aceess to therr best scientists and facili-

¥ \ . ‘

4 ties. Many U.S. scientists have decded to boycott ex-

_ <hanges with the Soviets vves the treatment of their fellaw
suaentists, such as Sakharov, Orlov, and Branlovshy, in the .

Suviet Umion. Past governmental bilateral scienufic ex-
changes have proyvided the United States with,a window
into Suviet suenCe, even though the Sonc{ scientists
probably gained; more in a’scientific sense ;than their
American counterparts. The cfficacy of controls on the
~exports of ndnmilitary technologies -is /ad:) a difficult
1ssuc, 1n part because of the difficulty of prohibiting or
limiting access toja good deal of widely available scientific
and technical inf{onnation p. 21).
v .

RESUURCE MANAGEMENT AND BNVIRONMENTAL ISSUES

Ensuring the availability of oil and other. critical raw
materiais, including metals and centain speeialized
woods. will C(}ntinuc to be a central problem for all
indusyrialized nations. With the indystrialization of set-
eral njigdle-tier couatries. it is likely to become a more
difficult problem jnternatibnally. Thus. there are likely to
Nfc?eusing incentives for cooperative efforts to appls
seience y;d\le%h:lology to/improve mineral resourct

exploraton, recdvery, professing. and recycling tech-

& migues a5 well as the devglopment of substitute materials.

Coopdfanve etforts to improve managenient of the world’s
tropic) furests and prevent or reserse desertification of
arnd lands can provide both short- and long-term benefits

2
~ tor the United States. Assessments of the causes and

\EJ 1
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jprobable lang-term effects of pullution 1n the veeans and

ol mereasing fluorocarbon and carbun divaide con-
£

centrations 1n the atnusphere will alsv rcm{u/irc_uontinuing'
¢

:xftention_ (pp- 21-22).

PROBLEMS OF ECONOMIC l)l‘:\’!.il.()l’!\ﬂi.\"l' (-

Three related problms will continue o constrain eco-
nomic developmen? in many“Tess developed countries
population growth. increasing food supply pressures. an
escalating world demand for petroleum. At least until the
nuddle of the neXt century. those-problems are likely to be
* regional rather than global because they will. fall more
heavily un the pourer countfics rather than threatening the
carfy ing capacity of the entiresorld. Most analy sts agree
that the United States cannot continge indefimitely to bear
the major burden of Tood productign for the world, and

Aruitoxt provided by Eic:
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}n. therefore, zgricultural productivity in the less de-
veloped countrics needs to be increased {pp. 23-24)
‘One'of the most effective ways in which individuals and
institutions in industrialized countries can help the less
developed countries redlize their long-range development
~objectives is to continue;to assist them in building their
own indigenous science and technelogy capabilitics
President Reagan pecognized the effectiveness -of this
mode of -cooperation 1n his pledge to devote greater
amoynts of scientific and technical know-how to third
world problems. Such indigenous capabilitics are essen-
tial for devsing new ‘teehnlvlogies or adapting cxisting

technvlogies to lotai need?. for weighing alternatives ™

among available foreign technologies, and for asstssing
probable impacts of different options for technological
development (pp. 24-25).
! t

!
SCIENCE. 'I'I:CHR(JOLOGY. AND POLICYMAKING

“The sheer amount of information. including scientific
information, available+to assist in policyniaking processes

" will continue to grow during’the next 5 years. as will the
capabilities for handling. manipulating, communicating,
and retrieving it. For those reasons. the problems of how
to gain ready access to usable data that already exist are

- likely to become more serious concerns in both the public
and the private sectors (pp. 25-'-26).

“METHODOLOGICAL IMPROVEMENTS IN GATHERING AND
INTERPRETING DATA. !

The power of scientific infonimtion 10 help define ‘and
illuminate policy problems and assess the impaets of
policy decisions h..s been enhanced considerably through
the use of congeptual and analytical tools developed by
various scientific disciplines. Methodological improve-
ments are expected to strengthen the reliability of survey
results concerned with the characteristies, actions, and
opinions of large groups. as well as the validity of demo-
graphic projections and certain types of cconomic projec-
« tions. Improved methodologies should also pzriiit better
interpretation of/the data bases that have been gathered
systematically 2 r the past 20 years about the current and
changing statu$ of various institutions, including indus-
tral firms, educational institutions, scientific organiza-
tions¢ and government at all levels (pp. 26-27).

o

SCIENTIFIC INFORMATION AND THE REGULATORY
PROCESS

During the next 5 years both the public and private sectors
will probably make cunsidgrable use of scientific informa-
tion in assessing rishs 1o ggcalth. safety, and the environ-
ment. A February 17, 1981, Executive Order of thé"Presi-
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dent requires that Federal reguljatmna of hazardous
technologies be justified by weighmg the costs and benge-
ity ‘of the technologtes themselves and of the propesed
regulations. Estimating lev2ls of possible damage fri}nl a
particular pollutant or contamunant can be greatly factli-
tated by a detailed understanding of fundamental physi-
cal, chemueal, biological, and phystological processes. o
fact arguing in favor of wide-ranging, sustamed baan.
research (pp. 27-28).

Additionally, a good deal of attention is likely to be
directed to the uses and limitations of “ormal rish, assess-
ment and cost-benefit analyses and other dndl)llt.dl tools
for assessing.rishs and for weighing risks. costs, and
benefits. A patticular need is to eapand these meth-
adologies to permit comparison of the costs., risks. and
benefits associated with entire alternative classes of prod-
ucts or processes—for cxample, comparison of large-
scale coal and nuclear fission systems (pp. 28-29).

i
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Functional Area Problems, Opportunities, and anstfaints

NATIONAL SECURITY

FeLcrznl outlays for defense-related R&D are expected to
continue to increase. The objectives are to develop specif-
ie defense-related technologies and to maintain long-
range private sector capabilities in'such basic stience and
engineering ficlds as electronics and materials with the

hope that they will lead to long-term payoffs in national- -

defense applications (pp. 31-32).
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ELECTRCNIC CIOMPONENTS AND APPLICATIONS

The Very High Speed Integrated Circusts Program of the
Department of Defense (DOD) aims to accelerate de-
velopment of electronic microcircuit technology and en-
sure the ‘industrial capability for developing the elec-
tronics required- in the next gencration of computers,

; missiles, radar, and intelligence processing centers. The
Defense Departmient’s Ultrasmall Electronics Research
Program supports research aimed at revolutionary

_changes 1in microclectronics in the next 10 to 20 years that
will depend on entirely new concepts and materials (pp.
32-33).

Resedrch in artificial intelligence'is scheduled to inten-
stfy, during the next 5 years,.the objective being to estab-
hsh the basis for intelligent mlitary systems. that will
provide hew, capabilities and ease future personnekneeds.

. The use of robgts in Department of Defense systems

manufacturing is likely to increase atong with their use 1n
industry, For the longer term, robots will be developed for
field uge to assist combat and support forces (p. 34).
Strategic command, control, and communications sys-
tems must be able to survive 1n combat-and be highly
dependable as the link between the command structure,
strategic reserve forces, and troops in the field. Advanced
packet communications technologies and a powerful ex-
~ perimental’ mtemctwork are bing developcd to provide

+
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local, regional, and long-band computer communications
via ground radio transmission, terrestrial circuits, and
satellites. The technology for securing classified informa-
tior. processed or stored 1n computer and communication
networks is also bcing developed (p. 34).
.

MATERIA}.S SCILNCF

Tnc avallablhty of stronger. lighter. dnd more heat-resist-
apt materials is critical to the future development of mili-
tary aircraft, spacecraft, dndi ballistic missiles,:as well as
to many parts of the civilian economy. Research and
development that can lead to wider uses of carbon-carbon
composite and metal-matrix composite materjals show
considérable promise. Both™ of those advanced types of
materials have the potential to replace presently used
alloys based on strategic metals that the United States
must import. Research and development in rapid solid-
ification technology will be vigorously pursued during the
next 5 ‘years. with the objective of producing very high
quality Starting materials for new families of aluminur,
and titanium alloys and superalloys (pp. 34-35).
[

AERONAUTICS RESEARCH Ple? DE\%LOPMENT

The intcgration of advanced electronics and materials
technologies is leading to significant improvements in the
combat capability of tactical aircraft. New control con-
cepts also provide capabilities to increase the survivability |
of air-to-ground weapons against ground defenses. A ma-
jor effort is being made in DOD’s advanced turbine englnc
gas gencrator program to increase structural testing of
promising new turbinc engine concepts to provide a base
for better implementation of advanced technologies. That
effort derives from the need to decrease the cost of propul-
sion systems by placing greater emphasis on durability
and reliability during the rescarch, development, and
initial testing stages (pp. 35-36).
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SPACE DEFENSE TECHNOLOGY

Advances in laser technology create opportinities for

high-cnergy laser weapons for use in space. Progress has

béen made toward establishing the technology base for

chemical laser w'éapons and unconventional-laser cou-

{ -cepts that equal or’'exceed the performance, of existing

_ devices are being developed (p. 36). H

! "An advanced-test, high-energy electron aclcelerator, to

* be completed in 1982, will provide scientific data on.the

feasibility of propagating stable, high-power, high-cnergy

clections in the atmosphere over distances of military
interest (p: 36).

NUCLEAR TLST VLRIFICATION TLCHNOLOGY

‘Researchto provnde a wider range of sensoroptions for the

detection-and-identification-of’ nuclear tests will be pur-

sued. A marinc e scismic system demonstration program

/shou‘ld/s’lgnlflc.mtly enhance global monitoring ca-

pabilities of underground and underwater nuclear tests

By the end qf 1983, the program should demonstrate the

_ feasibility of installing and operating the most advanced

" type of seismic detector in a borchole in the deep ocean
floor (pp. 36-37).

HUMAN RESOQURCES

~
4

The armed services are likely to continue to experience
serious problems in recruiting and retgining sufficient
numbers of ualified engincers for their advanced re-
' search and development programs. Since sqyeral of those
* programs involve cooperation with ‘univergity rescarch
labogatories. faculty recre’tment and retention problems
in engineering schools are also a serious concern (p 37)
The Department of Defense is pursuing research in
several behavioral science ficlds to make more cffective
use of its personnel at all levels. Priority programs aim
both at the development of computer-based instruction

and training systems and at a better understanding of the

interactions between humans and the complex, automated
- systems that underlic present and future defense ca-
pabilities (pp. 37-38).

«

SPACE f

» Space has beeh referred o as the new, limitless ocean.
Given the histornic impulse to explore, understand, and
control uncharted regions, there is no doubt that humans
will seek to master space. To ensure that the U.S. space
program compnises a logical, efficicnt, cost-effective se-
quence of activities, space planning needs to be carried
out with a very long range time perspective. During the
1960s, the U.S. space program concentraicd ¢n demon-
strating both the technological feasibility and the potential

' /
1

usefulness of gpzlce flight. The 1970s were a period of
consolidation and assessment of the most fruitful direc-
tions for future research and application. Space activities
in the 1980s are expected to be characterized by more
international cdoperation and competition and t§ be more
sophisticated in technology. with results valuable for both
commercial and military applications (pp. 38-39).

THE 9[ ACE SHUTTLE

Two wuusfui test flights of the Space Shuttle in 1981
opened a new phase in the explomtmn and uses of space
for scientific, commercial, and military purposes. The
Shuttle is heavily booked for its carly years of operation.
Technologies under development aim to increase its
payload and stay-time capaciti¢s. Planning aimed at im-
plementing the full Space Transportation System'is being

v

pursued. That system consists of the Shuttle, the Euro- -

pean-developed Spacelab, and upper siages for boosting
payloads from the Shuttle’s low-Earth orbit to higher
orbits. The Shuttle 1s expected to offer umque oppor-
tuntties for infrared and optical solar astronomy and. by
deploying the Space Telescope. will greatly extend our
/view into the universe. (pp. 39-41).

REMOTE SENSING AND COMMUNICATIONS

During the next 5 years, increased use is likely to be made
of remote sensing and communications satellites. The
anticipated transition of the experimental Landsat system
to full operational use during the decade emphasizes the
desirability of resolving a host of institutional 1ssues at the
local, State, Federal, and international levels. High pri-
onty should be given to reducing the cost of data handling
from remote sensing and communications satellites and to
encouraging greater participation by the private sector and
by State and local governments (pp.*41-42).

INTERNATIONAL ISSUES

Space 0ffer§ an attractive arena for international coopera-
tion. At present, 1Q European countries under the man-
agement of the Eu opean Space Agency are developing
Spacelab, which will be an integral component of thg,
Space Transportation System, and there .could be some
continuing cooperation with the Soviet Union in the life
sciences during the next 5 yegrs. International competi-
tion in civil space applications could also intensify
Ariane, a predominantly French rocket. has, for example,

been billed as a potential alternative to the Shuttle for/

delivering satcllites into orbit (p. 42).

Several less developed countries have profited from
U.S. communications and remote sensing satellite sys-
teims. However, the existence of those systems has also led
to demands for a *‘new information order” that could
place se('ere limitations on transhorder information flow
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Additionally, some middle-tier countries are concerned

i'that the rapid deployment of communications satellites
Into geosynchronous orbits will preempt them from 1m-
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i HEALTH

plenienting their own research systems. Technologies
now being developed for handling ncrcasingly higher
data transmission rates to and from commiunications satel-
lites and for broadening the communications fregiency
b:{snd should partially al}ay such concerns (pp. 42-43).

4

{

There are many indications that advances in, and applica-
tions of. biomedical scicnce will continue to contribute
substantially to improvements in the overall health of
Americans. Genetic recombinant techniques are facilitat-
ing the development,of a variety of pharmaceutical sub-

‘stances, including new and more effective vaccines and

drugs. In the future.the use of these technologies could
help-control genetic disorders. Advances in the neuro-
scierices, leading to-a deeper understanding of the func-
tioning of the brain, could result in substantial progress in
the field of mental health. Increased attention o the pre-
vention and cure of tropical diseases will benefit millions
of people in developing countries as weil as American
‘military personnel St dtlom.d abroad (pp. 43-44).

PREVENTION OF MA./IOR DISEASES

Death rates from cardiovascular discases have fallen by
more than 30 percent since 1950, due. in part. to the use of
more effective drugs and procedures for repairing the
heart and blood vessels. The rate of successful treatment
of certain cancers also continues to improve. Scientific
knowledge of behavioral and environmental risk factors
and broadened public awareness of the links between
those factors and discase promise substantially reduced
incidence of both disorders. Howevef, improvements in
the prevention of ‘(/:'ardiovascular discases, cancer, and
several other major illnesses will depend upon the collec-
tion: and analysis of detailed data about specific causal
relationghips between most major risk factors and major-
illnesses. Accordingly, there is a high priority need to
integrate information about the interplay between be-
havior, pathological processes, and bodily dysfunction to
provide a basis for developing more effective treatment
and prevention techmgques. In the nterim, a vanety of
approaches are possible to motivate individuals to take
more responsibility for their own health by altering their
behavior patterns (pp. 44-45).

«

PROBLEMS OF THE AGED

By the year 2000, the number of Americans over age 65 1s
projected to increase by nearly 50 percent. Thus, there 15
an increasing focus on the problem of how to deal with

Xvi

and take greater advantage of the potential.of the aged
U.S. population. The number of women over 65 is in-
creasing more rapidly than the, number of men. Under
present conditions, for example, a newborn” American
female can expect to Im. 9 years longer thﬁn a fiewborn
male. Although some progress has been madle —and more
is anticipated—in treating such disorders as arthritis. se-
nile denentias diabetes, and cardiovascular diseases,

there is. still.a relative-lack-of knowledge-about the- true
functional capacity of the aged and their health Care
nceds. Thus. the potential exists for a considerable im-
provement 1n the quality and productiveness of the hives of
that population. Two health- related aregs requiring par-
ticular r s_g’arch attention are‘the effects of drug metabo-
lism and drug interactions 1n the elderly, and the debilitat-
ing effects of social stresses to which the elderly are
subjected. ncluding rursing practices, and changes in
family and economig circumstances. Additionally, health
care.and social serv:ce strategies need to be devised to
maximize the functional and socal lndependence of the
aged (pp. 45-46).

N

ADDICTIVE BEHAVIOR ;

Alcoholism, drug abuse. and cigarette smoking continuc
to be major individual, societal, and economic problems.
Ongoing research has provided considerable information
about the physiological and psychological causes of ad-
diction to cigarettes and marjuana. Research on genctlc
predispositions and other biomedical factors may of! fer the
first real prospects for advancing knowledge-about the
causes of alcoholism. Uitimately, the results of those
research efforts-should lead to improved prcvention and
treatment strategies. although the effective incorporation
of innovative behavioral approaches into such strategies
may well require more systematic cooperation between
biomedical and behavioral scientists (pp. 46-47).

.

ASSESSMENT AND DISSEMINATION OF BIOMEDICAL
SCIENCE AND TECHNOLOGY

Rapidly escalating health care costs increasingly threaten
to constrain the application of advances in biomedjcal
science and, more particularly, biomedical technology.
Many new technologies are snmply not cost- cf'fectlve
Hence, we can expect more widespread use of fisk-cost-
benefit analyses and technology assessments, involving
the participation of a broad range of health care special-

ists, to evaluate the-efficacy apd’ possnble hazards of medi-

cal technologics. Such evaluations will inevitably involve
difficult equity questions about the appropriate distribu-
tion of health care and the ethical dilemmas associated
with the value of human life (pp. 47-48}.

The effectiveness of programs to disseminate both bio-
medical research results and assessments of the cfficacy of

13

1 /,




!

new techndloglclb to the health care community deserves
careful s(udy.—ny accelerating the incorporation of prom-
lsing cost-effective biomedical suience and technology
into the health care system, these types of programs can
nelp ensure a better return on Federal mvestments in
biomedical rescarch(p. 48).

REGULA‘T!ON OF BIOMEDICAL SCIENCE AND
TECHNOLOGY |

There is widespread concern that Federal regalations de-
signéd to protect medical patients and subjects of research
may posc asignificant constraint on the implementation of
advances in biomedical science and technotogics. For this
reason, regulatory procedu:&o protect human subjects
of biomedicalresearch are normally administered by local
committees of .physicians, -other health. care personnl.
and lay persons The regulations are being substantially
revised so-that-they can provile adequate safeguards for
research subjects without unduly inhibiting the research
process Federal regulatigns assvciated with testing and
assessing new drigs and’ new medical technologies are
subject to intensé controvefsy. Steps are being faken to

. assure thaf antfcipated compliance costs and regulatory

uncertainties doiot seriously inhibit the development of
many promising new drugs and technologics (p. 49).

>
HUMAN RESOURCES h

While the pressure for admission to medical schools con-
tinues unabated, the perennial problem of the geograph-
ical distribution of physicians remains. There has also
been a diminution in the number of young physicians
entering academic medicine, as evidenced, for example,
by vacancies on medical school faculties. Continuation of
that trend could seriously inhibit further advances in bio-
medical research and in incorporating the results of that
restarch into the U.S. health care system (p. 49).

i
’

" ENERGY

The-Administration’s energy policy is an integral part of
the President’s comprehensive Program for Economic Re-
covery and 1s based on the assumption that, with regard to

the development of energy sources, the collective judg-
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ent of the market 15 generally superior to centralized
programming. The Federal Government will continue to
inveshgn long-term, energy-related rescarch with high
risks an‘skpotentmlly high payoffs. However, it will no
longer assuge responsibtlity for accelerating the develop
ment of advanced energy technolugies, nor will public
funds be used tasubsidize dumestic energy production o:
conservation (p. S0).

The power of the free market in alleviating short-ferm
energy shortages is suggested by the moderated growth of
energy consumption in the United States. and especially
in‘oil and transportation fuels use. thpt has resulted from
higher piices. Energy demand grgfth through 1990 is
now projected to be slightly more than 1 percent’per year.
well below the 2 percent forecast of 1979. The mix-of
encrgy sources the United States will use in the near and
more distant future will depend on domestic and interna-
tional demand for available fossil fucls and relative prices
of various alternatives (pp. 50-52).

.
/
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MAINTAINING PLTROLLUM AND NATURAL GAS SUPPLILS

Until industry develops and commercialzes competitive
alternative fuel sources to supplement declining domestic
o1l and gas reserves, vigorous pursuit by the private sector
of technologies to facihtate the exploration and develop-

. ment of new Jomestic. reserves and to enhance the recov-

ery of oil fro» existing wells is anticipated. Administra-
tion actions to decontrol oil prices and to stimulate the
investment chimate through regulatory .and tax reform

__should provide the necessary market conditions for these

activities. Any undiscovered oil fields in the United States
are likely to be in locations with harsh environments that
will make exploration and commercial development diffi-
cult and expensive. Industry-is expected to improve tech-
nologies for offshore exploration and drilling operations
during the next 5 years. Additionally, field tests, sup-
ported by laboratory investigations, are likely to be car-

ried out to improve techniques for enhanced recovery of -

petroleum from known domestic sources (p. 52).

" The prospects for discovering new domestic reserves
and exploiting known, unconventional sources of natural
gas are considered good. Since domestic natural gas sup-
plies are unlikely to be depleted as rapidly as domestic
petroleum, gas could serve as a substitute for petroleum in
some applications (p. 52).

~

UNCONVENTIONAL SOURCES OF OIL

Vast deposits of such unconventional and ulumately more
costly fuel sources as heavy oils. tar sands, and shale exist
in several countries, including the United States and Can-
ada. They might be exploited if economic conditions
become favoiable. Plans to proceed with commercial
mining and production of fuel from oil shale in the Rocky
Mountains have been upnounced, and future production
efficiencies that will reduce environmental problems and
use water more cfficiently than at present seem possible
(pp- 52-53). : -
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SYNTHETIC FUELS

v

Commerciatly demonstiated processes are now available
for producing usable syn:hetic gases from coal, and proc-
esses with lmproved cfﬁuency, reliability, and environ:
mental acceptabtlity should be demonstrated in the next 5

_ years. Private industry has made substantial investments

Q

in the development of synthetie fuels technologies. Large
ptlot plant programs for the direct liquefaction of coal are
under way, -and these programs could lead to commer-
cielly feasible processes by the end of the decade (pp.
54-55). 4

Probably the greatest need mn synthetic fuels sciepce
and technology during the next 5 years 1s for basic sciepce
and engincering studies to learn more about diffe,‘c;nt
pussible production processes and /fﬁel uses. Such studies
should lead to improved cfficicncy and reliability in sec-
ond- and third-generation commercial plants and to mini-
mized c;,n\-lronmentill nroblems (pp. 54-55).

Fermentation of grains to produce alcohol 15 an estab-
lished commercial technology. Results of research and
development that could lead to the commercial production
of alcohol and synthetic gas through fermentation of
_grdins and other biomass forms are promising. A better.
understanding of plant genetics could serve as a basis for
the-biological engineering of plants and could greatly
cphance thé potential of biomass as a significant long-,
,rcm1 energy option (p. 58).

DIRECT COMBUSTION OF COAL Y

Cual use 1s expected to increase throughout the decade. A
number of utilities and a few large industries are already
vonverting from o1l to coal or natural gas, and a good deal
of attention is being paid to possible commercial systems
that would altow the cost-effective use of coal instead of
oil in small manufacturing plants. The introduction of new
mining technologies should improve the efficiency of coal
extraction and reduce the health and safety hazards associ-
ated with mining. Increased direct use of coal as a fuel will
be facilitated by systems, some of them near commercial-
ization, that reduce the emission of oxides of sulfur and

/mtrogen Research on coal combustion. processes is ex-

pected to leadl to further improvements in such advanced
systems (pp. 53-54).

“Inéreases in atmosphenc concentrations of carbon di-
oxide may ultimatzly limit the arhounts of fossil fuels,
including coal and synthetic fuels, that can be burned. A
high-priority need in the next 5 years is to learn enough
about.the details of the global carbon-dioxide problem to
provide a basts for assessing probable long-term limits on
coal use (pp. 53, 53)

2
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NUCLEAR FISSION

Rescarch and development aimed at improving the effi-
ciency and safety of light water nuclear reactors is ex-
pected. to intensify during the next 5 years. Science and
engineering studies will be focused on an advanced reac-
tor that could be operated in a converter mode fucled w ith
a uranium-thorium mixture. Such a reactor could serve as
a source of industrial process heat as well as electricity
Broadly based rescarch and development efforts will be
pursued that would permit the seleztion of an appropriate
breeder reactor system for possible deployment by the end
of the certury. Since the 1977 m ratorium on commercial
reprocessing and recycling of fuel has been lifted, these
reactors, which could use domestic uranium and thorium
with 100 times the efficiency, of present light water reac-

.tors, may now be a more realizable option. Additionally,

the existence of reprocessing capabilities could simplify
the technical problem of permanent nuclear waste dis-
posal. Reprocessing and recychng are presently being
pursued in Europe and Japan. France plans to demonstrate
a large commercial breeder reactor during 1983 and has
also completed_a 2-year waste disposal pilot test (pp.
55-57). ;

DIRECT SOLAR CONVERSION ,

Federal tax credits have helped increase the Nation's use
of solar energy for space heating. A variety of tech-
nologies for harnessing solar encrgy for other applications
are under development. Photovoltaic systems that convert
light dlrectly into electricity “‘Kh better than 11 percent
effncnency are at the research stage. Cost reducuons,
however, may requnre tadically pew approachcs using
advanced semiconductor materials. The introduction of
large. automated facilities should also reducc the cost of
commercial production (pp. 57-58).

FUSION RESEARCH

The scientific feasibility OX producing fuston puwer by the
magnetic confinement method 1s scheduled to be demon-
strated during-the next 5.Years at test facilities nearing
completion, but formidableitechnical-problems remain to
be solved if a commercial ille systemfis to be' demon-

, strated by the end of the &:ntury. Development of .the . |
wnertial fusion method 1s essential for addressing nuclear
weapons design problems. The country’s leading inertial -

rescarch facility is scheduled to demonstrate the scientific
feasibility of that method in 1983 (pp. 58-59).

. -
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ENERGY END-USE I.H'ICILNCY N
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Increased energ) use cfﬁuenuoé,mll continue to
strengthen *national efforts to ameliorate the near-terin
. o :
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energy problem. Constderable savings are auticipated as
increasing fuel prices lead manufacturing industries to
replace existing capital equipment with more energy-
efficient stock. introduce more energy -cfficient proc-
esses, and make better use of industrial wastes (p. 59).

2
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.NATURAL RESOURCES

- natural resource base. Global trends affecting the price of

Continued increases in the world’s popuiation. coupled
withrapid industrialization in m=ny middle-tier countrics,
are likely to exert increasing pressures on the world’s

strategic metals could also affect their availability to the

-U.S. economy. Scasonal water shortages are becoming
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common ir some arcas of the country. Desertification of
arid lands 15 a severe problem worldwide and 15 serious 1n
some arcas of the United States. The long-range effects of
many resource constraint problems, both in the United
States and globally, will depend cntically onfadvances in
science and technology and on the implementation of
those advances (pp. 60-61).

NONFUEL MINERALS

There will be a continuin;; need for long-range efforts to
ensure the availability of nonfuel minerals vital to the
domestic economy. including several nictals whose castly
accessible, high-grade ores have largely been mined al-
ready in this country. The development of new and‘more
sensitive instrumignts to detect anomalous concentrations
of minerals in the'Earth’s crust, coupled with a deeper
understanding of :fundamental mineral formation proc-
esses, would increase the probability of locating new
muneral reserves in the United States. Additional reserves
of certain cnticql,h)emls exist in the deep ocean floor.
although the technoogy for extracting them requires fur-
ther development. Promising advanced nuning and hand-
ling technologiey anq more energy-cficient processes for
the primary conversiqn of mineral ores 1nto metals could
improve the internatiopal competitive position of the U.S.
munerals production agd processing sector. The develop-
ment of advanced alternative materials that could be sub-
stituted for scarce imported metals is being pressed by the
U.S. defense and space 'R&D programs and shows con-
siderable promise for thg civilian economy as well (pp.

61-62).
\ .

WATER SUPPLIES \

Scasonal water shortages are common ir 20 perce nt of the
106 L.S. watersheds, and that percentage could double by
the end of the century. Water shortages are bélng exacer-,
bated 1n the Western States by population shifts and the

development of new energy industrics A major program

to identify and exploit additional ground water has been
initiated by the U.S. Geological Survey, and technologies :
for decreasing industrial. agricuftural, and urban water

usé have already aided conservation efforts Demonstra-

tion plants f9r converting seawater and brackish water to

useful quality are under construction, although present .
processes are both expensive and highly energy incffi-

cient. Results of ongoing research aimed at.developing

les: water intensive crops and crops that can grow in

highly saline water show considerable promusc as a nicans

for reducing water consumption n agriculture (pp.
62-63).

DESERTIFICATION OF ARID LANDS

The sustained decline of the productivity of the world’s
arid lands is‘projected to increase by another 20 percent by
the end of the century Agricultural productivity im the
United States is also being affected by desertification.
although the increased use of chemical fertilizers. water.
and herbicides and pesticides has compensated somewhat
for declining soil conditions. Research and development
on salt-tolerant crops and vegetation. development of
economnic uses for naturally occurring arid land plants, 2
rehabilitat:on of degraded lands. ntroduction of opera ¢
tonal desertification monitoring technigues. and im
proved managenment of surface- and ground water reser
vorrs can further alleviate desertification effects (p. 64).

DISAPPEARANCE OF TROPICAL KORESTS

The rapid disappearance of thé warld's tropical forests is
leading to severe and far-reaching ecological ~roblems {n
the less developed countries, where most tropical forests
are located, the disappearance also means the loss of a
widely used resource. The United States relics on tropical
forests as a major source of specialty woods and phar-
maceuticals. A coordinated internationai cffort on tropi
cal forest research and management, gréatly increased
worldwide reforestation, and a detailed analysis of the
political, economic, and social consequences of reforesta
tion are regarded as minimally necessary responses to the
problem (p. 64). ) ’

/

ENVIRONMENT

Impressive gains in controlling pollution and upﬁrading i
the quality of the environment were ‘made during the
1970s. However, the total costs of some of the Federal
regulations designed to protect the environmerit and the -
ways .they have been interpreted or enforced may out
weigh the intended benzfits. Detailed scientifi. informa
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ten”on the oceurrence and effects of various pollutants
and on techiical means for .educing or mitigating their
oceurrence and effects will continue to be needed. Addi-
tinally, refinement of the analytical tools for weighing
costs and benefits of alternative regulatory strategics will
be required to implement the President’s February 17,
1981, Exceutive Order requining that all Federal environ
mental, health, and safety regulations be justified b

assessing casts and benefits (p. 65). .

AIR QUALITY

There is a high-priority need for better information about
the relativnships between fossil fuel use, particularly coal
combustion, and the long-term global cl/imiltic effects of
increased carbon dioxide conceritrations. That informa-
tion will be vital for long-range cnergy planning. Some
_progress has'been made in controlling the industrial emis-
sions of s:lfur and nitrogen-oxides that can lead to acid
precipitation. Continued efforts should be directed tov.ard
the identification, control, anid monitoring of those emis
sions, and to their atmospheric transport mechanisms,
chemical transformations, and environmeéntal and health
effects (pp. 65-66). Additionally, continued efforts should
be focused on the occurrerice, transport mechanisms, and
health éffects of atmospheric particulates, especially ai:-
borné carcinogens (p. 68).

TOXIC WASTES

While several promising technologics for handling to:gi'c
substance spills are émerging, including dispersant agents
and new:bacterial substances used as‘cleanup agents, the
development of more eﬁ‘égtive technologics to detect,
coptain, and mitigate the effects of oil and hazardous
chemical spills is badly needed. Alsn needed are better
means for translﬁr'ting, storing, treat, 1d disposing of
the 57 million thetric tons of hazarapus; nonnuclear
wastes produced annually in the United States, and re-
medial action at the country’s 2,000 existing probiem
disposal sites is an obvious high priority. The hazardous
waste disposal problem is being mitigated somewhat by
processes that reduce the quantity‘of wastes at the point of
origin and that remove or recover hazardous materials
. from waste streams during disposal operations (pp.
66‘67)'\ . "

&
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WATER QUALITY

The technology based uniform national standards ap-
" pruach to controlling municipaf and industrial water pol;
lution 15 expected to achieve marked improvements "
Jpuint source control,»%ltho&agh additional information
abyut the contamination of ground water from thuse and

nonpoint suurces, which aceount for more than half of the
peliutants that enter U.S. watets, 15 4 much inore complen
problem whose solution 1s not yet i sight. Additional
rescarch is needed on the environmental and health cffects ,
of potentially toxic water pollutants to rationalize cxisting
cffluent limitation regulations. Rescarch awimed at im
proved techniques for momitoring water poliutior. levels
and for reducing the costs of treating polluted water
should also be pressed (pp. 67-6§).

TRANSPORTATION

During the next 20 years, per Ld[:).l[d Pdssenget transporta
tion capacity requirements in the United Stules are ex-
pected to increase at an average rate of 2 pereent per year
ar}d those for freight transportation at 115 pereent per yedt.
While those growth rates are smaller than in the past
quarter century, theygire still substantial and will require
the implemenwation of new technologies to moitig.ltc a
wariety of constrants un the growth of the national trans
portation system (p. 69).

CARRYING CAPACITIES '

The entire U.S. transpurtation system may begin to en-
counter . wits on its earrying capacity during the next 5
years. Such emerging technological developments, as
ramp metering signalization for highways could aid in
reducing highway congestion and improving safety. Cur-
rent deselopments in advanced air traffic control, which
can automate demsnonmakmg,%gh()uld help alleviate n-
creasing limitatigns on airpost capacity and improve the
productivity of the U.S. commercial air transportation
system (p. 69-70). '

The anticipated increase m the use of coal during the
next decade will require a considerable expansion in the
-carrying capacity of western and castern railroads if they
are to serve us the primary distribution system for domes-
tic coal. Slurry pipelines offer an attractive distribution
-alternative for distances up to 300 mules, #nd current
research on the flow behavior of ccul-water muxtures
could lead to signiticant improvements 1n tius coal trans-
portation mode (pp. 69-70). ’ )

ENERGY EFFICIENCY

Because transportation accounts for 25 percent of .U.S
encrgy consumption, anticipated future constraints on
fuel availability will require increased cfficicncids in that
sector. During the next S years, the preatest energy cffi
ciency improvements are expected to oeeur m auto-
mobiles and commeraial aircraft. Conventional ga  ..ne
and diesel engines are expected to be more efficient by the

other sopurces 1s needed. The control of emussions from
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end of the 1950s. Addmunall, « il 1 hong direced
toward s veral.longer range .. ndicg al-
ternanves to conventignal en 3¢ iw At b [0 s'sli
greater efficiencies, batteries i ¢ 2 veap o PO Lmes
the enervy of prescnt lead-ac. * a4 .iies 2 hereby
provide a vasis for mcrcased use of ciw wio vehicles, and
the effivient use of aiternative fucls producéd from coal or
bicmass (p. 7).

77 AR | XY

IMPROVEMENTS IN SAFETY

The innovative use of radionavigation, radiolocation, ra
div communication, and computer sysfems provides op-

) portunmes for improving both the safety and the cffi-

viency of air and water transportation The convergence of
computx,r and commmunications technologies also provides
opportumtu,s for transportation safety lmprovements
through automation in such areas as thass transit and air
‘trafﬁc control (pp. 71-72). In Fighway traffic safety, most
tcdmologn,al efforts to date have focused on posterash
survivability and injury reduction rather than on accident
prevention, Such strategics will become more costly and
less effective as the United States moves toward the in
creased usc of smaller vehicles, suggesting that a large
portion of future advances i automotive safety could
come from jmprovements in driving habits, rather than
from further technulogical refinements (p 72).

“

AGRICULTURE

.

Each American farmer currently préduces enough food
for 60 people. asignificant increase from 30 in 1970. and
7 in1900. Agricultural products constitute over 20 percent
of the total value of U.S. exports. and increases n the
world's population are placing new demands on the U.S.
food producing system. Yet the rate of increase in agri-
cultural productivity has recently begun to slow both in
the United States and elsewhere in the world. That trend
emphasizes the need/to apply advances in science and
techology to ensure the continued availability of adequate
\input resources for agriculture—namely. water, land, and
hutrients—and to ncrease product yields (pp. 72-73).

INPUT RESOQURCES

(Jrowm;, urbanization and industriahization in the United
States and in much of the rest of the world has led to the
use of less productive land for agriculture. But the use of
less than prime land reguires increased use of other input
resources, mncluding supplementary nutrients, water, and,

. patticulesly, labor. In addition, less than prime land s

often subject tv more rapid degeneration and erosion,
Experiments with muluple cropping, reduced till ge, re
cyching of agricultural wastes, orgenic farming and vther

’
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cha ges in cultivation practice have been somewhat suc-

ccs»(t: as alternatives to the extensive use of costly syn-
thetictfertilizers on less than prime land {p. 73).

On the raicrolevel, the factors that determine the effi-
ciency of nutrient intake processes in plants are just Begin-
ning to be understood. Research in progress could provide
opportunmes for the sclective breeding of plants-that can
absorb and- process much greater volumes of nutrients
from the same basic source (p., 74).

New irrigation techniques to |mpr0ve the efficient use
of water show considerable promise. The water avail-
ability constraint on agriculture could also be mitigated in
the long term by, ongoing rescarch aimed both at lowering
the cost of desalination p.ocesses and at the development
of plants that can be grown-in high-saline or brackish
water (pp. 73-74).

INCREASING PRODUCT YIELDS

While selective breeding of agriculturaily uscful plants is
almust as old as human civilization, the current explosion
in fundamental knowledge 1in molecular and developmen-
tal biology and genetics, coupled with the development of
such new manpulation technigues as recombinant DNA, i
ulfers the potential for deliberate-engineering of species
with 4 range of desirable characteristics. Advances in
genetic engineering and embryology also promlse 1o
make substantia! contributions to increasing the effective-
ness of animal husbandry (pp. 74-175).

The de‘irclopment of plants that can fix nitrogen from
the atmosphere 7ather than having to rely, onlfertilizers-in
the soil. that can tolerate more highly saline water, or that
are morc resistant to pests and paraSites shows considera-
ble promise. Research that could yicld synthetic versions
of the growth regulators that determine the development
time of plants is also recciving considerable attention.
Such synthetic growth could be used to accelerate crop
growth cyclcs (pp. 74~75). Genetic engineering tech-
niques are bKln;, usced ‘to improve the ability of plants and

anipmals to withstand environmental stresses (variations in
yﬁfff‘all, nutrient supply, and temperatire), thercby ex-
panding the range of lands where cultivation is possible (p.
75). .

p Sophisticated analytical meihods are also leading to an

XXi

improved understanding of the nature of bicivgical sus-
ceptibility to diseasc and the spread of disgase (p. 75).

More broadly, there is a critical need to understand the
systemic relationships of plants to their total environment.
Advances in that understanding have led, for example, to
the integrated pest management concept that relies on
combining information about the biology of pests, the
envirénment, and the host to obtain maximal results from
{the application of biological and chemical controls. A
better understdndlng of such systemlc relationships is also
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essential to the prevention of the spread of plant disease,

since -major epidemics are almost always the result of

transferring plants ‘from onc biosystem to another. Im-
proved knewledge about the relaticnships between plants
and their total environment will also be needed to engineer
plants that aré better able to cope with effects of changes
in atmospheric conditions, including pollution caused by
acid rain (p. 75).

EDUCATION

Scicnce and technology are intimately linked with educa-
tion. The strength of & country’s capabilitics in seience
and technology is closely coupled with lhe_;}quality of
education, at all levels. -in mathematics. science., and
technology. In addition, science and technology offer
powerful tools for use n the educational process.

ELECTRONICS TECHNOLQGIES

Modern computer and communications technologies offer
a wide range of possibilities for innovative instruction and
evaluation, and thus for developing more ficxible educa
tional strategies. The relatively low cost of sophisticated
computers provides the potential for adapting ycurncula to
different local condttions and for tdllormg nstruction and
evaluation to the needs of individudl students and teachers
(pp. 77-78).

There 15 as yet hittle evidence that the modern elee-
tronics revolutidn has had. much impact on the formal
educational system. Rapid changes in the state of the art
have been one inhibiting factor. The extensive use of
advanced electronic technologies for traming mlhtary per-
sonm.l and for continuing education 1n business and in-
du>tr) may provide lessons and guidelings Yor the formal
educational system. However, realizing the full potential
of thuse téchnologies in the classroom veould necessitate o
considerable restructuring by State and local authorities of
educational strategies.and methods, including considera-
ble,teacher training and retraining (pp. 78-79).

INSIGHI'S FROM COGN!TIVL SCIENCES

Current research in the cognmve sciences, partlcularlyon
the interactions of humans and machines and the acquisi-
tion of cognitive skills, could be used to plan cffective
strategies for adapting modern clectronic capabilitics to
classroom use. Research is also yielding insights on prob-
lem-solving processes and on cognitive and social de-
velopment in children. Those insights should find broad
applicabilitysin teaching, with or without electronic assis-
tance. Again, ‘current applications of cognitive science
research in the military sphere could provide useful infor-
mation for the formal education system (p. 79).

EDUCATION IN SCIENCE AND TECHNOLOGY

Current and emerging problems assgciated with the sup-
ply of and demand for qualified professional scientists and
«engineers are highlighted above (Generic Issues—Main-
tenance and Development of the Science and Technology
Base). The educational requirements of technicians who

" support the activities of scientists and engineers and of

others whose jobs demand more familiarity a\}"(;lth modefn
technology are also changing. as advances in tcchnology
increase the complexity of U.S. socicty. The intrusion of
science and technology into virtually every sector of so- *
ciety suggests that a reasonable degree of science and
technology literacy will be increasingly importart in all
phases of our lives (pp: 79-80)."

The primary and secondary school curricula of several
industrialized countries. including West Germany, Japan.
and the Soviet Union, focus heatily on science and mathe-
matics. In contrast, the trend in the United States dufing’
thgpast two decades has been a declining emphasis on
those .bjects. A significant reversal of that trend. which
could have serious long-term consequences for the
strength and vitality of the U.S. science and technology
base, will require extensive cooperation between the sci-
entific and engineering «.gmmuml.es and the State and
local authoritics who have responsibility for precollege

--educgtion in the United States (p. 80).
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I { Generic Policy Issues Associated .
L with Science and Technology . -
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A.. Introduction

The support of scientific and technological progress has
become a né@éity for modern industrial socicties. Al-
though the .proposition ‘s sometimes disputed, most
thoughtful analysts have concluded that world society has
reached a stage whege continuing and even accelerating
progress in science and technology are necessary condy-
tions for avoiding social, economic, and cnvironmertal
regression in the future. This does not mean that scicnce
and technology: are sufficient conditions. They must be
used in a wise and foresighted manner, and that depends
more on political and social arrangements than on science
and technology:themselves, However, the premise of this
Five-Year Outlook is thz;t's:nentific and technolog:cal
progress and its wisc exploitation are indispensable ad-
juncts to modern society.

Any assessment of the outlook for science and technol-
ogy must recognize the interdependence of science, tech-
nology, .and society. Scienceis driven largely by its own
internal imperatives, as dictated by the new opportunities
and advances within the conceptual structute of the disci-,
plines. But to an important and increasing €xient, science

mary link between the internal and external determinants
of scientific progress. Tecknological development incor-
porates knowledze derived from science into usable proc-
esses and products and, increasingly, scientifi: and tech-
nological factors form a base for the development of
public policies for enhancing the environment and the
quality of life. T¢chnological progress also stimulates
further scientific advances both by defining new problems
that can be illuminated by scientific research and by
providing the r¢quisite instruments and tools As in the
past, the state of the U.S. science and fechnclogy enter-
prise during dfic next 5 years will be conditioned by trends
in both the isfternal ahd the éxternal determinants of tech-
nical progréss and by the relationships between them.
Sei'era/l external factors help determine the pace and
dircction of advances in science and technology. The first,
most direct and most easily quantifiable, are the input
factofs—primarily the human and financial resources
av. i?able to the science and technology enterprise. Trends
associated with those resources and their implications are
treated in the next section of this chapter—Section B—

is also driven by society’s search for solutiorg; tosome of , underthe heading, *Maintenance and Development of the
its greatest problems and needs. Technology is the pri- / Science and Technology Base.”
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2 THE FIVE-YEAR QUTLOOK

The sccond. more qualitative, external factors derive
from the expectation that science and technology should
serve the public good. Effectively., those factors establish
prionities. They include rules regulations, and resource
allocation policies and strateges, as well as exhortations,
that (1) are mtended to focus the capabihties of science
and technology on either well-defined problems (such as
producing more fucl-cfficient velucles) or broad social
goals (such-as more equitable health care among all seg-
ments of the population), or (2) are C2signed to mitigate or
chminate present and future rishs assoctated with prod-
ucts and processes made possible by science and technol-
ogy. The hikely effects of yone of those factors enresearch
and development during the next 5 yedrs are mentioned in
Section.B. Those factors also underhié a good deal of the
matertal in Chapter 1I, which focuses on the likely rela-
tionships, during the next 5 years, of svience.and technol-

ogy to broad arcas of national and international concern.

The third set of factors alsodenives from the expectation
that science and technology can mahe smmﬁcant contri-
butions to society. They are not related, “however, to spe-
ctfic products and processes, but rather to linkhages be-
tween science and techrnology and other types of activity.
As such, recognition of their importance as eviernal deter-
minants of advances 1n science and technology 15 of rela-
tively recent origin. Although scientific progress is ac-
knowledged to be an‘indispensable condition for

[
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technological development and, by Jerivation, for social
benefit, there is increasing recugnition that those linkages

zre not attomatic and cannot be taken for granted Forthat-

reason there is a new concern With forging more effective
links-between research, industrial innovation, productn

ity, and economic growih. Such trends are discussed i in
Section C of this Chapter.

Although they are almost truisms that scicnce knows no
international boundaries and that technology is a key to
¢conumic de elopment, the implications of those state-
ments- and the qualifications that surround theny  have
become much clearer in the last two decades as sonie
nations have made use of science and technology to chal-
lenge the preemmcme of the United States. while athers
have failed to grasp their promise Important international
issues likely to affect both the U S science-afid technol-
ogy enterprise and the United States itself are, hlg,hll&htcd
in Section D.

Finally, scienc:  7d tecon Iog) have becone \{I(‘h per-
vasive factors ir. ... .strialized societies that scientific and
technical information is now widely regarded as a'valu-
able resource for decisjonmaking and policymakiné in
both the public and the private sectors Nowhere is this
more evident than in the_assessiment and managemeni 2f
rishs to people or to the natutal environment  the ultimate
support for people. Trends m that arga are trc.m.d in
Section E. « . . i

B. Maintenance and Developmerit

Base* ‘

Since World War 11, the Umited States has been a world
leader in science and technology. Am&%rican research and
development programs, supported and conducted i the
publlc and pritate sectors,. have- maintained our world
Jleadership position sn basie rescarch, have provided the
educated people needed to define and attain national ob-
jCL[lVCS\ln science and technolog 2y and have provided
technological innovations needed to mprove industral
productivity and economie growth and to mamtan vur
nationial security. Over the past decade, American citizens
have won 57 Nobel Prizes 1n science and medicine, com-
pared with 28 abroad. Additionally, Americans continue

. H

*Abbreviations in parentheses appearing throughout the text refer to
more complete discussions in the companion Source Yolumes A hey to
thase abbreviations 1s given at the end of the Preface. Citations to the
published literature are designated by footnotes.
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to publlsh amajor portion of the scientific papersin a mdc
range of ficlds (NRC-Obs.; NRC-13).

However, America's international preeminence in hoth
science and technology is being challenged Part of the
loss of our undisputed domiinance in virtually all fields of
science and technology derives from the restoration of the
productive and intellectual capacitics of Western Europe
and Japan that were destroy ed during World War 11 Addi-
tlonally, recent studies suggest that, although the Nation’s
scientific research system currently is strong, a range of
significant emerging problems could pose a threat to its
long-term vitality. Major stresses that appear to be de-
veloping include (1) fiscal and personnel resource con-
straints; (2) increasing costs of instrumentation for
advanced rescarch activity; (3) growth of pressures for
short-term returns on research investments: and (4) demo-
graphic changgs affecting the conduct of research carried
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cut n colleges and universities (NRC-13). Each of those
factors s discussed in detail later n this section.
Signs of stress are even more apparent i, the tech-
nolugical sphere, Th(. United States currently maintans
its leadership position 10 several high-technolugy ficds,
including aviation, microelectronies, computers, and ad?
vanced matertals technologies. Howeser, there are other

/ﬂrcas-aummomv. design, consumer clectronies, steel

making, ship construction, rail transportation, and. sig
nificantly, scieatific instrumentation- where the onee
duminant positon of the Unsted States has croded. While
the United States cgnunues to malmdln 10 Ieadw;hlp n
most basic lechnologl‘ﬁ‘nm to naelonal defense, the
Soviet Union is ¢losing the gap ln such k"y areas as
electro-optical sensors, guidance and navigation, h)'dro
acpustic iechnolog_\ optics, and propulsion (NS).
There s no general consensts about the causes of the
erosion of eur internandnal e havlugieal position. Few
peheve it s a result of a decrease in the hcrent capaaity
of U.S. suienyists and engineers Lo innovate. Ratiier. there
appt.axg' te be a notable farlure to implement innos ations
once they have been developed. Many of the st dramat-
¢ technolugical develupments abroad are actually based
on American developments that we simply failed o com-
‘mercialize or vtherwise lanleLnl Most industrial obscr-
vers believe that the technolog.. <! fag in many U.S.
industries 15 not attributable sokely or even primarily tv
weaknesses 11 the rescarch and development (R&D) sy -
tem, Théyargue thmn.m) contributing faciors are exter-
nat tp industrial control. The problem of industrial innova-
ton and sy relanonship o syientific and technulogical
achvies s discussed in more detail in lhc. next secton uf
this chapker.
In_short, allhou&h the American science and technol-
ogy entetprise is generally healthy, several problv.ms that
are appcanng_. on the horizon could result in serious &ro-
sion of that enterprise. This section highlights trends
likely to have impostant effects in the near future on the
‘Capacity of the United States to maintain its.international
leadership 1n scieatific research and take advantage of the

social and econonic potential provided by its scientific

and technological resources. The focus in this section 1s
on the major elements of the science and technology base.
the financial resources needed 16 sustam s activites, 1ts
* personnel resources, and 1ts nstitutions and facilics.

FINANCIAL SUPPORT FOR SCIENCE AND _
TECHNOLOGY .

The tmanctal resources avasfable for science and technol-

ogy programs are, vbviously, a critical element determin-
ing the vitality of the L.S. suence and technology
enterprise. Policy questions assouated with the allocanon
of financial resvurces include lhesc%Al what levels should

Generic Policy Issues 3

Jdifferent science and technology programs be supponed™ “

Toward what ends? How should responsibility for support
be divided between the public and private sectors?

Figure | shows trends in S, R&D expenditures in
buth curreat and constant dollars. During 1981, }oml na
tonal expenditures for all R&D activities were estitnated
to be $69.1 bittion, with the Federal Government’s share
estimated at 37 percent and p-~ivate industry™s share 49
pereent. National expenditures for basic fesearch during
1981 were estimatesd to be $8.8 billion. with the Federal
and industrial shares estimated to be 68 percent and 16
percent, respectively. (S/-80).

It mlumung, t¢ compare U.S, R&D cxpenditures '

with lhus&. of some uther majur industralized  demoe-

racies.” In domng so. two puints are noteworthy.

(1) The United States inyests more in R&D than France,
West Germuany. and Japan combined  Although the
percemage of Gross National' Product (G\JP) wom-
mitted to total nativaal R&D investments in the Unit
ed States peaked in 1964 and g"nu’all) declined
through the <arly to mid 1970y, itis still hmhuxh.mm
n.ost vther countrigs exg ept the Soviet U'nion and Wes
Germany (Fléurf\) That percentage has also dc
clined vrleveled !V since 1967 in the Unitdd Kingdom
and France. while it has risen appreciably in West
Germiany and Japan. Whether economic conditions
" will permit those countries to increase oF even 1iin
win their invéstments is a subject of considerable
interest abroad. as noted in Scction [ D, In most
vdses  including the United States  <hanges in the
percentage of GNP committed to R&D since about
1975 have been fairly small.

Q) The U.S. envihgn R&DIGNP ratio continued to 1n-

~erease through 1970 and, aftep(Temporary decline in
the early 19705, rose to a rc;nlugc. level of 1.6 in
1979. However, the percéntage ts still capsiderably
below that of West Germany anY Japan.

Considering, stcond, the Seviet Union. available evi-
dence indicates that the percentage of Gross National
Product committed to R&D rose above that of the United
States in 1967 and.now i§ “the largest in the world Al-
though the pe.zentage dropped slightly since 1975, it was
estimated to be 3.5 in 1978, compared with 2 2 in‘the
United States, 2.4 in West Gerimany, and 1.9 in Japan.
Since U.S. GNP is approxlmaulv twice that of the Soviet
Unioun, the United States still invests more in R&D than
the Soviet Union 1n absolute terms—In addition, the
quality of Soviet R&D activitics is not always believed to
be equal to that of American R&D  Details op the exact
proportion of Suviet R&D investments devoted to military
and space applications as compared to that in the United
States are niot available. It is cledr, however. that a much
higher pereentage of Soviet R&D is devoted to mllllill')

\ .
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Bilors of dollar$

t FIGURE I. National R&D Spending by Character of Work.
. f 'Based on GNP implicit price deflator.

B } o
programs. The Soviets have almost surely been outspend-
ing the United States n mulitary R&D in recent ycars
(“NS)

; In summary, the financial resources available for the
conduct of R&D rematn considerably greater in the Unit-
ed States than in any of the leading industrialized democ-
racnes However, several of those countries have been
clpsmg the gap 1n total R&D.investments as a fraction of

. GNP. The Soviet Union.spends a larger percentagfeof its

~, GNPon R&D than does the United $tates, and has been

closmg the gap in total R&D"expenditures. R

-
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P.ESPONSIBILITIES AND RATlON@.LES FOR SUPPORT

ln{ernatlonal comparisons are i\nterestlng and often usc-
ful. However, since reporting bases differ among coun-
- tries-and inflation rates vary; the comparisons-cannot be

: taken toor Ilterally (NRC—]B) Importantly, such compari-
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sons cannot address directly, or provide agswers to, the
question of wheter U. 3. support for science and technol-
ogy is adequate to meet the Nation’s Iong-temx needs.

Both the public and the private sectors 'fmve respon-
sibilities for supporting science and technolopy in the
United States, but their missions aiid roles differ. Their~
propomonal contrlbuuons vary considerably among ‘the
industrialized democracms Tn the United States, approx-
imately half the investments in R&D coie from the
Federal Govcrnment, and, of those, well over half are
allocated for_national” Secunty and space. The United
Kingdom and France show similar investment patterns.
That i, the government provides more than half.the R&D.
funds, and a major share of those funds is focused on
national Sccurity. .

In contrast, private industry provides the largest share
of support for R&D in West Germany and Japan. In both
-countries, funds are mor highly concentrated in areas
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FIGURE 2  National Expenditures fur Performance of R&D' as 4
Percent of Gross National Product {GNP) by Country

'Gross cxpenditures for performance of R&D including associated vaps-
tal expenditures. except for the United States where total capitul expends
fure data are not available.

*Detailed information on capital expenditures for resedrch and develop-
ment are not available for the United States. Estimates for the period
1972-80 show that theirinclusion woutd have an impact of l¢ss than one-
tenth of one*percent for cach year. .

Note. The Jatest data may be preliminary or estimated

Source. Natiunal Science Foundation Science Indicators. 1980

directly related to economic growth (fog example, man-
ufacturing, transportation, and telecommunications) than
in the United States. Governments of the United King-
dom, ‘France, West Germany, and Japan-also allocate-a
higher proportion of their total funds for support of re-
scarch in universities and nationat laboratories than does
the United States. That is most markedly the case in West

‘Gerinany and Japan (S/-80).
, In the United States, private induStry engages in and .,
_supports R&D primarily to produce or improve marketa-

ble, profitable products and processes or, increasingly
during the 1970s,. to meet environmental, safety, and
health- regt.latnons American industry also provides some
support for. umversity research and teaching, ‘but that
support: is small relative to the expenditures it makes to
support- its own R&D.

The ratiopale for Federal support of R&D in the Umited
Sgates, both in its own laboratories and in other institu-
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Generic Policy Issues 5

tions, is varied. Since World War II, t-hc Federal Govern-
ment has assumed responsibility for supporting science
and technology to fulfill three broad objectives: K

(1) -to support its own direct responsibilities (in such areas
as national defense, space, and air traffic control);

(2) to accelerate the rate of technological development in
the private sector in arcas of overriding national need,
particularly when financial risks are large and the
costs are inordinately high relative to potentiai short-
term eturns on investments (in such areas as agricul-
ture, health, energy, and transportalion) and

(3) to support.the rescarch- needed to maintain, develop,
and replenish the store of kiiowledge, tools, person-
nel and skills that uaderlic and provide the base for
the U.S. science and technology enterprise.

Research and development activities in all three categor-
ies are carried out both in the Federal Government’s own
laboratories and in other settings. In the latter, performers
are supported by cither contracts or grants.

Since the Federal Government is the primary, if not the
sole, consumer of the results 0({ the first type of activity,
levels of support can be related directly to its own specific
end-use requirements. For example, a high priority of the
Administration is to rebuild the Nation's defense ca-
pabilitics. Thus, the President’s fiscal year 1981 and 1982
budgets propused appreciable increases in defense-related
"R&D in order to narrow the aggregate gap between-U.S.
and Soviet expenditures in that category (NS) .

Among the three categories of Federal R&D support,
the most intense policy debates during the next 5 years are
likely to surround the second. Not only is there no con-
sensus about how to determine which areas of national
need are sufficiently important to justify Federal develop-
mental support of the private sector, but there is disagree-
ment about appropnate levels of support, distribution of
effort between Federal laboratories and private industry,
and ‘whether Federal support should come directly as a
contract, subsidy, or low interest Ioan: or indirectly
through such means as tax incentives and procurements
The Reagan Administration wil{ no longer support pro-
grams of an economic subsidy nature. For this reason, the
President’s budgets have proposed significant reductions
in many R&D programs that appear t? have .ncar-term
commercial payoffs. |

CRITERIA FOR FEDERAL SUPPORT OF BASIC SC!H\CL
AND ENGINEERING

Issues associated with resource allocations -in the third

-category—often called the basic_research category - -re-

—.

8,

e

quire somewhat more discussion, since that category. of
the three, is most directly linked to maintaining and
developing the U.S. science and technology base.

The assertion that the Federal Government has a re;
sponsibility to invest in developing and maintaining the
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knowledge base was the most novel and far reaching
featurc of Vannevar Bush's 1945 classic, Science—The
Endless Frontier? Despite the urgent need for fiscal re-
straint, the President’s March 1981 budget proposals in-
cluded provisions for continued.growth in real, dollars in
Federal support for basic research. Since research of the
type most often cannot be Justified in terms of foreseeable
applications—the benefits to be derived from enhancing
the knowledge base often are not immediately derived or
even obvious—support Igvels cannot be determined by
quantitative -criterig such as returns on investments.
Rather, the cheral Government, supports research in that
category on’ thc grounds that the costs for carrying out
such research, parucularly on the ciitting edges in most
fields, are greater than can be borne by the research
mstitutions (frequently umversities) and that there is a

, national need to maintain and promote the development of

the knowledge base. Currently, 66 percent of Federal
support for basic research goes to universities. including

. umversity-admimistered Federally Funded Research and

Dévelopment Centers (FFRDCs), 20 percent to national
laboratorjes, 8 percent to other nouprofit institutions, and
6 percent to pnvate industry (S/-80.).

Although there is a general consensus about both the
legitimacy and the desirability of Federal-investments to
maintain and replemsh the knowledge basg, debates are
likely to continue about how to delincat q{gg-research ac-

tivities in this category from research aefivities that are

meant to underlie the dqvelopmem of a marhetable prod

uct, and, therefore, are the responsibility of the private
sector. Many attempts have been made to identify a unique
set of categories to classify all types of rescarch in science
and engineering.” The basic researchrapphed rescarch
categories arc the most familiar. although such other dis-
tinctions as long-temy short-term or dirccted, nondirected
are also employed. Recognition 15 growing that while
distinctions such as those are useful for sume purposes. it
15 probably not pomble to define aunique sct of categories
to classify all types of research activity that would be
useful for every purpose for which sgme categorization
might be needed. Indeed, overemphagleng the basic re-
search/applied rescarch classifications may suggest that
those activities, are in some ways antithetical, and thus
obscure the essential fact that research spans a broad
contlnuum.'But,.lﬂere 1s broad agreement that there cxists
atype of activity characterized by its focus on the develop-
ment of knowledge, tools; and skills, by the gener-
ahizability offits results, and by uncertainty in the length of
tume likely to elapse before those results are translated into
tangible technological developments That type of ac-
tivity 1s referred to as basic research or as basic sciénce

Basic rescarch 1s performed in all scientific and, it
should be emphasized, all engineering disciplines as well.
Indeed, one interesting trend over the past 3 or 4 years.is a
growing apprccnatlon on the part of scientists that a great

deal of research in engineeiing is, by virtue of its focuson |
knowledge, tools. and skills, and by virtic of the broad

generalizability of its results, fully as fundaimental or
basic as what has traditionally been regarded as basic
rescarch in the mathematical. physical. and biological
scierices. .
Since research in science and engineering spans a broad
range of activities, it is almost never possible to draw a
precise line between investments intended to maintain and
rcplemsh the hnowledge base and those aimed at solvmg
lmpedmte and identifiable problems In an inereasing
number of areas, cach may feed into the other Research
narrowly aimed at a specific technological development
may turn up basic questions worth pursuing tor their
intrinsic conceptual importance “apart from applications
At the same time. basic research may open up technologi-
«.al opportunities that convert a seemingly exotic intellec-
tual puzzle into a challenging development project
Moreover, research undertaken to improve and refine
understanding in one particular area often has dramatic
consequences elsewhere. For example, while the original
motivation for studying recompinant DNA and other eell
fusion techniques was a better hnderstandlng  of the nature
of genctu. replication and protein synthetic processes, the

findings from those research activities have spawned not

only new technologles but whole few industries as well
(AAAS—4: HEALTH). {

Lasers were originally developed as tools for basic
rescarch in physics. However. laser- technology-has dra-
matu.ally broadened the capabilities for research in chem-
istry, and biology as well, and is of great importance in
national defense and communications Lasers are also
being used increasingly for military. medical. and indus-
trial applications (NS; GST: ASTR-III).

Fundamental rescarch also underlies the development
of a wide range of engineering capabilities The phe-
nomenon of turbulent. flow, for example, is assoc‘gated

] . . . - .
with bodies moting through a viscous medium. as well as

with fluids moving through pipes. pumps. turbines! and
heat exchangers. Designers f)f abroad range of equipinent
want to ¢nsure a smooth (flow because onee the flow
separates from hulls, airfoils, or ducts, drag or resistance
rises abruptly, and the efficiency of the system decays
sharply. Recent research suggests that the onset of tur-
bulence may actually exhibit a pulsating structure or re-
petitive pattern and that it may prove more tractable to
mathematical analysis than anyonc had thought If this
can be verified, it will have a great uhp.nct on all sorts of
problems—not simply in the design of aircraft and ships,
but in the design of efficient mixing and heat exchange
systems like rocket engine combustors and stcam
-condensgrs

These examples suggest the difficulty in making sup-
port allocation decisions on the basis of the eventual
utility of research results. A somewhat different type of
suggested criterion for allocatmg rescarch support among
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different-hinds of scientific and technological activities
emerged durning the 1970s. According to this criterion,
. research support should be directed not just to the solution
of .specific short-term problems or to increasing the
knowledge base, but, more broadly, to the attainment of
long-tefTn social goals. It has, f6r example, been sug-
gested that more rescarch in hlomedlcal ficlds should be
[dirccted toward the health care needs of underserved and
{ disadvantaged populations hoth in this country and abroad
(Section 1I-D). Application of this type of criterion en-
counters the same problems that arise 1 trying to target
research to specific developmental ends. In addition, it
encounters the formidable obstacle of trying to link re-
scarch and development, which may themselves be car-
ried out-in different institutions, with an external social
and economic-delivery system (in the example cited, the
health care system) that is driven by a very different set of
imperatives than the research system. The important
point, again, 1s that basic research, by 1ts very nature, 1s
not goal-speuific, its utility or potential applications usu-,
ally cannot be predicted. What may be needed 15 a mecha.
nism by which recognition of the pra«.tu.al implications of
baste research advances can-be facilitated as those ad-
vances occur.
The desirabihity of applying a final, related, and largely
negasae criterion to the drtermmatlon of research diree-
: tions was also debated durlng the 1970s. Applicition of
this cniterion would place hmits on research whose results

rishs to. individuals and society. The most celebrated
instance of research inthat category 1s recombinant DNA
| research {AAAS—4). The heart of the recombinant DNA
) debate was not whether scientists and engineers should be
exempt frum regulations affecting the use of substances

known tou be or tu have & geod chanee of being hazardous,

thuugh there were debates about how such regulations

ought to be drawn up. Rather, the central 1ssue svas

. whether the search for knowledge can or should be regu-
’ lated on the grounds that hnow ledge iself could ultlmatuly\

prove to be dangerous.®

The extension of Federal rebulator) authority in the

health, safety, and envirgnmental areas during the
1970s— as well as proposals for even gruateg extensions of

| its.authority—may have derved n part from the.cerosion
of public confidence.n the ievitable good to be derived

y from science and technology‘that began to become evi
dent in some quarters in the late 1960s (AAAS 1), partly

' as aresult of thx. rising public sensitivity to environmentul
damage that could emerge from the application of modern
technology. By now. there 1y agreement that at least some
types of regulations are counterproductive. However,
there 15 less agreement un what thuse counts productive
regulations are and how they should be emrced, or on
how to achieve thewr desired, beneficial effects without
doing serious damage to the science and technology enter-
pnse tself (See also Sections C and E). That set of issues
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could councervably lead to consequences that might entail |
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will need continued consideration to provide for an appro-
priate balance between minimizing rish and ensuring the
continued development of the scientific and technological
base.

i

HUMAN RESOURCES FOR SCIENCE AND
TECHNOLOGY

It is a truism that maximum effectiveness of the science
and technology enterprise requires that it be carricdout by
the best and most highly trained individuals our society
can produce. That requires, at a minimum, that adequate
numbers of qualified young people be given the best
possible education in science and engineering. and that
adequate resources are avai!hbtlg to permit them to make
use of_ their talent and training:

Universities, the an’nr'iservnces and, in gertain critical
fields, industry are reportlng severe difficulties in recruit-

. ing sufficient numbers of .qualified engme’ers and scicn-

tists. Persannel shortages are most acute in computer
sciences, in the fields of chemical, electrical, and indus-

trial engineering, and, among scientific subspecialties, in |

solid-state physics, optics, analytical chemistry, and tox-
icdlogy. Additignally, medical schgols report increasing
nun 'apcies in faculty réscarch and teaching
posmons Scetion i1-D). t /

The Bureau of Labor Statistics has pr0_|c;t<.d « 40 per-
cent incredse in cmployment opportunities in sciegice and
englneenng occupations at all degree leveis from 1978 to
1990.* If present undergraduate enrollnient trends persist

" throughout the decade, there should continue to be more

than enough ncw graduates at both the bachelors and
Ph.D. levels in all of the tradl\lonal fields of science,
although unanticipated shortages in ypecific subficlds may

develop. In contrast, there almost x.ertamI) will not be '

sufﬁucnt numbers of people trained in computer scicnce
in 1990, although those deficiencies can be alleviated by
people tralned in related disciplines. The situation for
engineering personnel is more problematic. University
engineering departments are facing severe problems, dis
cussed below, due to faculty shortages and equipment
obsolescence, Thus. it canpot be taken for granted that
engineering enrollments van, in fact, continue to expand
at a sufficient rate to s 'lbfy anticipated demands.

The anticipated, supply.demand situation for Ph.D.-
level engineers is even lesy.certain. Given reasonable
assumptions regarding inflation and productivity growth
rates, there should be adeguat. numbvers of advanced
degree engineers by the end of 'he decade -provided that
such engineers ~re not used an, differentl, in the future
than they are being used at present. It is precisely at this

, boint that the atility of quantitativ. personnel projections

in providing adequate assessments of the future can be
questioned. For although the total supply of Ph D engi
neers—or for that matter bachelors-level engineers —may
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be approximately equal to demand. small deficiencies in
the nl.mbz.r of highly gifted and highly trained people in
specnf:ci critical subspecialties may seriously hamper
efforts tb pursue some advanced R&D. In other words.
the guality of available scichice and engineering personnel
canbe, in manynmportant mnstances, more important tt .n
their quantity.{

Personnel shortages i scientific and technological
ficlds ate not unique to the United States. There also are
impending shortages of science and engineering person-
nel in other industrialized countries (NRC-13). Although
the number of scientists and engineers engaged in R&D as
a traction of the labor force 1s higher in the United States
than in the United Kingdom, France, West Germany, or
Japan. this fraction has been decreasing in the United
States from the late 1960s through the carly 1970s. while it
has risen in_those other countries and, in West Germany
and Japan, 15 continuing to rig? (Figure 3). The U.S.
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Labor Foreg: Population by Country.

'Includes all scientists and engincers on a full-time cquivalent basis
(except for Japan. whose data mclude persons primarily employed in
R&D, and the United Kingdom. whose data include only the Govern-
ment and industry sectors).

Note: A range has been provided for the U S.S.R. because of the
difficultics inherent in coniparing Soviet scientific personnel data.
Source. Natonaf Scienve Foundation. Sczence Indwatars. 1980,

fraction has increased slightly in the past few years but has
not reached its former level (S/-80) The Soviet Union has
a substantially larger proportion of its labor force ¢ngaged
in R&D activitics than does the United States, although
quality comparisons might yield different results In
1979, there were between 84 and 95 scientists arJ cn;,n-
neers per 10,000 members of the Soviet labor force en j
gaged in R&D, and the number appears to be increasing
The comparable ﬁgu{e for the United States in 1979 was
59 per 10,000, and that ratio appears to havc Sldbllllcd
(51-80).

These comparisons suggest that although several coun-
tries that are challenging America’s international preemi-
nence in science and technology are not without personnel
problems, those problems are potentially more severe in
the United States. Therefore. both quahtat:vc and quan-
titative aspects of the science and engineering pcrsonncl
situation in the United States will conunuc 1o require
attention in the coming years.

RESEARCH INSTITUTIONS

Approximately 70 percent of Amencan total R&D (on the
basis of funds expended) is performed by private fudustry,
13 percent is carried out in government laboratories. abotrt
10 percent in universitics and colleges. 4 percent in uni-
versity-administered federally funded research and de-
velopment centers, and the remainder in other nonprofit
laboratories’ (Figure 4). Most scientific and technological
activities of industry are classified as development work.
Approxnmately one third of U.S. national R&D expendi
tures is directed toward basic and applied research pro-
grams. and approximately 50 percent of all basic research
is conductdd in university scttings.®

Financial resources and, in some critical cases, person-
nel resources for scientific research in the civilian sector
are likely to remain tight during the next 5 years, although
the President’s economic policy is designed to encourage !
increased investments by private industry. In view ofthose
constraints, there is likely to be increaged emphasis on
justifying proposed résearch directions in all types- -of
institutions and on evaluating their results. There proba-
bly will also be continuing pressures toward striictural
changesthat might facilitate research. During the recent
past, there has been renewed interest in forging closer
links between university and industrial laboratories. Im-
plications of that trend, which is likely to accelerate during
the next S years, are dlbLusst in the next section of this
chapter.

UNIVERSITY RESEARCH

The Nation’s higher education system has been at the
leading edge of the extraord nary growth and superb
quality of the rescarch tht gave the United States preemi-

3i ,




R S L] Ex B R

-

Generic Policy Issues 9
* Other

- N Universities .

. Federal Government . * Industry / nonprofit |

- \ : e and colleges\ 3°/\° 3% institutions .

) » s T Ei

. By \ , . ! |

| (pertormer . . 13% 1% 9% : ‘

/ ] Reseatch FFRDC's 2
P, S NS

* Basic Applied Development B

* m ‘ . 5

Byo‘;h‘:;?:‘er 13% 22% 65% l ., B

FIGURE4. The National R&D Effort {expenditurcs for R&D = 69.1 billion, 1981 (est.)}

'Fedénally funded research and developna... 2enters administered by universities and colleges.
4 N .

Source: National Science Foundation. National Patterns of Science and Technology Resources. 1981.

nence in science and technology during World War- I and

. in the succeeding decades. That grorvth was due n large

measure to thé infusion of Federal support for scientific
research. In recognition of the unigue contributions made
by ufiversity laboratories, the President’s March 1981
budget proposed an increase of 6.1 percent in university
‘R&D support between fiscal years 1981 and-1982.
During the past decade, American universities, includ-
ing their science and engineering departments, have been
subject to unusual pressures resulting from demografhc
changes and- contlnumg high rates of inflation. Those
pressures have strained their effectiveness both as teach-
ing and as researéh institutions. Since the size of the 18-
to-24-year-old age group will continue to decrease until
well into the 1990s, competition for undergraduates
among American colleges and universities is likely to
become even more severe during the next 5 years and
beyond.® While university research in science and engi-
neering is supported heavily by funds from external
sources, financial problems experienced by a university as
a whole have direct effects on its science and engincering
capabllmes For example, most unlversny rescarch is,
conducted by teaching faculty who reccive at least a
portion of their salaries from general university funds.
Thus the'size of university science.and engincering de-
. partments and the amount of research they can conductare
strongly dgpt;ndent on-student enrollments and on the
general héalth of the universitics.
University science and engineering departments are

currently experiencing two major problems that limit their

effectiveness in both teaching and research: faculty re-
cruitment and retention, and equipment, obsolescence.
Faculty problems are almost, diametrically different 1n
science and engineering departments, the dimensions of
‘the-equipment-problem are very similar.

In most science departments, the major faculty prob-
lem is « ae of limited opportunities for younger scientists.
Because of financial stringencies, decreasing enroll-
-ments, -and the fact that an appreciable fraction of the
tenured faculty -is well below retirement age, scnence

(

Ll

departments have fewer openings for new Ph.D. sgiéntis!b
than they did a decade ago. Thus situation is particularly
apparent in mathematics and physics, Since young scien-
tists arc often among the most creative and productive,
their decreased_presence raises serious problems for the

health of the universities and the scnentlﬁc enterprise 1n

general (NRC-13; ASTR-III). ™

In contrast, engineering and computer science depart-
ments are experiencing faculty shortages af all levels, and
little relief is in sight during the next 5 years. Undergradu-
ate enrollments in those fields have been increasing for the
past 5 years, while the number of Ph.D.s awarded has
been declining for almost a decade.”® Thus, the total pool
from which new doctoral-level engineers can be.drawn to
staff a research faculty has been decreasing, while, at the
same time, competition from industry has been increas-
ing. Not only can industry offer Ph.D. engincers better
salaries than unlvenltles can, but, lmportantly}, research
facilities available in industry have become .decidedly
superior to those 1n umversities, a situation thathas grown
worse during the past decade with the improvement of
industri: | laboratories and some deterioration of univer-
s}fy engineering laboratories. Imbalances between aggre-
gate supply and demand for engineers in industry may
well be resolved by free mark{et mechanisms. On the other
hand, problems faced by engineering and computer sci-
ence deprtments in universities have resulted in large
measure from their failure to compete for qualified per-
sonnel. Current steps bejng taken by the Federal Govern-
ment to case the severity of the problems include provi-
sion of research assistantships as a component of grants
and contracts to engincering departments for graduate
students who are interested in, and quallﬁed for, academic
careers. Increased cooperation between universitics and
industry to facilitate joint appomtments and cooperative
exchange programs would be an additional, useful com-
ponent of any long-term solution to faculty personnel
problems.

Equipment obsolescence is a second severe problem for
university science and engincering laboratories. During
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the 1970s, such equipment-intensive fields as physics,
chemistry, the life sciences, computeescience, and engi-
ncering experienced rapidly escalating costs for maintain-
ing existing laboratory facilities and for developing and
purchasing the newer, more sophisticated state-of-the-art
apparatus needed to conduct research at the cutting edge
of those fields. According to one estimate, equipment
replacement costs rose at an average rate of 4 percent
above inflation during the 1970s. At the same time,
Federal funds for research equipment and (facilities de-
clined sharply during that period, and few universitics
have been able to provide sufficient assistance for equip-
ment purchase or facilitics modernization from their gen-
eral. funds to offset the decline in Federal support. ?
The cquipment obsolescence problem, which has al-
ready been dited as one factor contributing to current
shortages of .cngineering faculty members, is having a
direct effect on the quality of university research con-
ducted in equipment-intensive fields in both science and
engineering. The problem could also have adverse con-
sequences for industrial research laboratorics that have, in
the past, relied hcavnly on university laboratories for
nnovative instrumentation concepts. In the words of one

.observer. the “‘dynamics of the concurrent advances in

scientific instrumentation and industrial technology lic at
the heart of the American success story in both areas. u

There are several Tonceivable remedies to the instru-
mentation problcm They include, in addition to closer

_university- -industry cooperation, special fesearch equip-

ment purchase grants, greater flexibility in Federal Te-
scarch grant and cgntract management procedures that
would encourage pdohing of equipment funds and sharing
of apparatus among university departments, expansion of
regional instrumentation facilitics. and expansion of cen-
tralized research facilities for universsty users at federally
supported national laboratories.
Several scientific disciplines, including oceanogrdph)

“radio astronomy, and high-cnergy physics, have Iong

since adapted to using such centralized -facilitics. Thé~
cenirahzed arrangements have ¢nabled substantial re-
search progress 1n those fields, and some observers be-
lieve that their extension to other scientific fields is both
mevitable and desirable." Considerably greater use is
made of centralized research facilities outside the univer-
snly system 1n Western Europe than in the United States.

Basic research is.conducted both in universities and in
associated orgamzations that are not integral parts of
untversities both here and in Europe. But, whereas in the
United States those ass/ociatefi organizations—the na-
tional Iaboratones——-are admunistered by universities or

laboratories exist lndependently of, and in parallel with,
the universities. For that reason, the numbenf®f available
research positions (and the car.city of those countrics to

/
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conduct research) is less closely tied t0 student demo-
graphics than in the United States (NRC-13).

. Additionally, France, Germany. and the United King-
dom all maintain a dual system for supporting research.
First, continuing. institational support for conducting re-
search is provided to both university and nonuniversity
laboratories. ‘Second, grants for special research proieéts
are provided, as in the United States. The three countries
also provide support for longer periods of time and for
more aggregated rescarch efforts than does the United
States Finally, because of their more limited resources % 3
the Europeans relgf more extcnsivcly than the United
States on cooperative programs at various lévels---within
individual laboratories, regionally within taeir own coun-
tries, and internationally with one another (NRC-13).

Given the increasing scale, cost, and complexity of
basic rescarch, the European experience. particularly
with cooperative rescarch arrangements across the entire *
range of scientific disciplines, is Iikely to be of increasing
intefest in the United States during the next 5 years.
However, the probable effects of greater centralization of i
the U.S. research cffom on both the teaching and the
rescarch functions of universities have yet to be assesscd
adequately. -

+

RESEARCH IN INDUSTRY-

Industry-based scientific research laboratories date from
the late 19th century, stimulated in large measure by the
success of German industry in coupling scientific results
to industrial development, particularly in the synthetic
dyc industry. Practices in carly industrial research labora-
tories, which emphasized an interdisciplinary, scientific
approach to problem solving, were in many ways counter
to the more prevalent model of technology exemplified by
Thomas Edison, which emphasized thé solution of imme:’
diate problems by intuition and ingenuity. Those con--
trasting styles are still evident in U S. lndustriai practice
The amount and character of the research conducted in
piivate corporate laboratories today differ considerably
among industries and with the size of firms within particu-

‘lar industries (Flgure 5). However, in spite of those dif-

ferences,, research in industry shares one characteristic
that distinguishes it from rescarch conducted in univer-
sities and organizations associated with universities: most
of it is purposeful; it cither aims at the prodaction of a
marketable product or aims to respond to Federal regula-
tions (NRC-14). That need not imply that all industrial
research is focuced on specific, identifiable, short=term
objectives; indeed, a good deal is devoted to developing
the knowledge and tools needed to maintain long-term
industrial vitality. Moreover, the length of time that elap-
ses between obtaining research results and incorporating
them into marketable products may be considerable.
Viewed from those perspectives, much of the research
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_carried out in privatc industry is as *‘basic™ as the research
‘typically conducted in-universities. Nevertheless, indus-
trial research is aimed ultimately at producing or improv-,
ing.a marketable product, rather than at a decpened or
refined understandmg of some aspect of the physical or
"manmade universe. This industrial objective can and does
act as a mechanism for filtering and directing research.

There is a second, essential, dlstlngulshlng characteris-
; tic of mdustnal research that is intimately Telafec dTo the
) . first: lndustnal research laboratories, unlike university or
: govemment laboratones are part of a system that includés
deve'opment engineering, manufacturing, and market-
mg activities. With the exception of a few industries, such
as some aerospace and defense-related lndustnes that sell
most of their output to the Federal Govemmpnt industrial
firms depend for their survival on theii competitive posi-
tions i the marketplace. Thus, allocations for research
‘laboratories typlcally are based on the judgment, by cor-
porate managcment of the likely long-term markct returmn
for ‘researchi-investments (AAAS-2).
Since the mid-1960s, R&Dactivities in many industries
-have shifted away from what hias traditionally been called
basic research toward very specifically defined programs
: -geared more’ to the solution of short-term problems
p (NRC—-14) Some of the apparent shift away from. long-
term basic résearch in industry may be due to problems in
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distinguishing basic and applied-rescarch in industrial
settings." However, there is a strong consensus that cor-
porate management has been increasingly concemned with
term profits at the éxpense of 1ong-term investruents

(NRC—l4 AAS—2) Edward David has noted that in
medium- an \l{irge size firms that can afford centralized
research laboratories, there is almost always a struggle
between those who belicve that research should serve the
interests of marketing ‘and production and those who
belieye that the potential of new technologles ought to
have a large influence over marketing goals. That opposi-
tion between short-range and long-range perspectives has
been inherent. in lrkustnal research since“the 19th’ cen-
tury.'s But, dunng the l§70s as profit margins decreased

for many industiies and in some cases, all'but vanished,”

there began a. strong trend- toward reducing long-term
research investments (NRC——l4)

There are many who.believe that the trend away from-

long-term investments in research in some industries has
been a primary contributor to the erosion of U.S. leader-
ship in some-critical industries (NRC-14; AAAS-2).
While=the~President’s economic policy is designed to
encourage greater}rivate sector investments in R&D.,
resources for industrial R&D are expected to-continue to
be somewhat cons‘"rained during the 1980s. The amounts

N /‘%Iable will depend on several factors, including the

ikelihood that the legal and, regulatory. climate will not
undily impede the transition from R&D 16 commercial-
ization. The-specific effects of those fktors will differ

among industries. But overall; there is likely to be in-

creased emp Zas:s on sclecting and justifying high- quallty
research efforts and on placnng priorities on the selection
of long-r ge efforts.”

Becgrse they are less capital and energy intensive than
many-other industries, considerable R&D gro*wth is antic-
xpated in the next 5 years in,those areas of the electronics
L dustry deallngw th microprocessors and- mlmcomput-

_er®;, data communications equipment, and integrated cir-

cuits. Advances in computer capabilities should permit
appreciable productivity increases in other manufacturing
industries, including the automotive, aircraft, chemical,
and pharmaceutical industries. In the capital-intensivc
automotive and aiicraft industeies, re search aimed at more
energy-cfficient products that also meet mandated regula-
tory standards will very probably be emphasxzed The
possibility of rising energy prices is certain to stimulate
research In the energy—producmg industries. Research in
the chemical industry is likely to focus increasingly on
improving process economics, reflecting rising costs for
raw materials and energy, rather than on developing new
products as in the past. The pharmaceutical industry is
expected. to benefit from the explosion of fundamental

owledge in biochemistry, molecular cell biology, im-
munology, and neurobiology. That increased understand-

jects that are hlgh risk and have long payback times
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ing, together with sophisticated rescarch instruments now
available, should result in anew cra of drug discovery and
development—one 1n which drugs are targeted to inter-
rupt a specific discase process rather than simply treating
signs and symptoms. Focused research and development
of that nature should help to mtigate the effects of Federal
regulatlons that, by greatly -increasing the number and
types of tests required before a new drug can be marketed.

have led to rapidly escalating costs for research, dcwelop

ment. and commercialization (NRC-14).

»
PEal
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) [
Devising ways to imprové the linkages befween the
industrial R&D enterprisc and other components of the
U.S. research system—particularly the universities—is
one of the issues associated with industrial R&D activities
that is likely “to receive promincncc during the next 5

years. Another critical issue is the role of thc Federal
Government in stimulatlng (or inkibiting) ndustrial

-

"R&D. Those issues are reiated to the nroblcms of innova-

tion, productivity, and economic growth “ind are trcatcd in
mare detail in the next section.
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C. Contributions of Science and Technology to Industrial

Innovation, Productivity, and Economic Growth

The President’s February 5, 1981, address to the Nation on
the-economy emphasized the goals of fostering industrial
innovatien, increasing productivity, and stimulating eco-
nomic growth to increase the quahty of life of all Amer-
wans and to maintain our national security.' Figure 6.
which shows that the overall grovth of productivity .in
manufacturing industries in the Umited States has lagged
behind thdt of several other industrialized nations,

. provides ample grounds for the President’s concern.
A wide vanety of factors influence innovation, produe- .

tivity, and economi progress, including inflation, energy
prices, and labor costs (NRC-Obs.). Rescarch and de-
velopment activities are, however, of particular relevance

to thus report sinve they underlie the innovation process .

»
A

.and provice many of the tools needed for increasing

productivity.

There is vonsiderable evidence pointing to the histor-
ical and current relationship between American scignce
and technology and c¢onomic growth. The Committee on
Economic Development (CED) has. for example. ex-
pressed the view that ““technologicai progress is perhaps
the most mlportant source of future economic vitality and
social progress fur the United States™.” That perspective is
also_evident throughout the contributions that appear in
the accompanying Source Volumes. Studies cited in Sci
ence Indicators-1978 show that, between 1948 and 1969,
34 percent of measurable U.S. economic growth derived
from advances in know ledge and that industries with high
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ratios of R&D spending to sales (for example, chemicals,
electrical machinery) experience substantially higher
growths. of productivity and output than industries with
low ratlos (for example, textiles). Research results re-
ported in Sczence Indicators—I980 confirm these implicit
correlatlons and“trends. A study by Mansficld suggests
that thére is.a strong and direct relatlonshlp between the
amount of long-term basic rescarch carried out by a firm
and its rate of productivity, growth, even when the amount
invested in applied R&D is held constant.” .

Since the persistence of the relationship between ad-
vances in knowledge, innovation, and economic growth is
not casily documented, those estimates are subject to
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some uncertainty.* For example, p“?oductlvny is very diffi-
cult to quantify; approaches to its measurernent depend on
interpretations’ of its meaning, which vary conSIderably

In a purely quantitative sense, ‘oroductivity tan be viewed
-as the ratio of outputs, in terms of physical qllantltles of
the product produced, to inputs, such as labor,and capital,

But, those kinds of estimates do not take into account such
things as the quality of the product produced Therefore,

quantitative indices of productivity that arqbased on the
number of items produced and do not show increases in
quality over time can’give “he-impression ¢ of stagnation in
productivity advances. Indeed, the contributions of ad-
vances in technology to the qualitative, asbccts of produc-
tivity could be far greater than purely q{lantltatlve meas-
ures would suggest. Moreover, the prob),em of stimulating

_ industrial innovation cannot be dlvorced entirely from the

problemm of the social utlllty of a parflcular n;movatlon
Despite these caveats, there is w;de agreement that
there has been and continues to be a strong’ rclatloushlp
between research and development activitics and eco-
nomic growth. Therefore, a major questlon that will need
continuing attention during the next § years is: How can

the United States maximize the ¢ontributions of science

and technology to the national goals of increasing innova-

tion, productivity, and economic growth?
/
/!

!

“THE CAUSES OF [LAGGING INNOVATION

N
Stimulating innovation has been and continues to be
major national goal, implying that current levels are be-
low those expected or desirable. In fact, there are indica-
tions that innovation and productivity in some American

industries arc lagging behind those of sevéral other indus-

trialized countries, spch as West Germany, France and
Japan, and that the, United States is thereby losing its
international preen)inence in such vital industries as con-
sumer clectronics, metallurgy, and automotives
(NRC-14; AAAS-2; TRANS). In the military sphere, the
Soviet Union appears to be closing the gap in implement-
ing such key technologies as electro-optical sensors, guid-
ance and navigation, hydroacoustics, optics, and propul-
sion (NS).

Understanding the causes of the innovation lag in the
United States requires some dissection of the total indus-
trial innovation process. That process consists of a series
of stages ranging from the generation of new ideas,
through. the development of pilot projects to further refine
and develop new technologics, to their conversion into
marketable products and processes. There does not appear
to be any decline in the ability of industrial scientists and
engincers to come up with innovative ideas. Rather,;most
observers believe that the problem is mherent in the subse-
quent stages of the total innovation sequence—namely in
providing sufficient support to the R&D activities needed

’
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to convert seminal ideas into marketable products and
processes (NRC-Obs; NRC-14). The Japanese consumer

electronics, industry, for example, owes much of its cur-

rent success to the successful adaptation of technologies
developed in the United States (AAAS-2). Japanesd in-
dustry also appears to liave made Food use of orgadlza-
tional behavior data to streamline industrial processes
Additionally, manufacturing processes in such key U.S.

_ industries as‘metallurgy and automotives do not employ

the.best available computér-assisted techriologies. Amer-
ican industry had, for example, some 2, 000 robots at work
in assembly line production in 1980 compared with

13,000 in Japan (NS).

It appears- that:one.important reason for (nc lag in
innovation in some, industrial sectors is a decrease in the
growth rate of industrial investments in long-term-R&D
programs and+in incorporating.the results of -R&D into
manufacturing progesses (NRC-=14; AAAS-2; ASTR-II;
Outlook I). Although, in absolute térms, there has been a
substantial increase in total industrial R&D outlays over
the past few.years—compensating somewhat fora marked
reduction during the early and mid-1970s’*—there appears
to be a major shift in the form of reseaich and develop-
ment investments in some American industries. That shift
1s away fronilong-range research and development toward

.aconcentration on short-term needs.® At least a part of this

has been due to the great increase in Government regula-
tions in thé :+70s. The shift toward short-term problem
solving is likely to continue 0 have dramatic negative
effects on industrial innovation in-the future (NRC-14).

When viewed in comparison with other countries, total
R&D investments in the industries of most other major

. industralized nations have been increasing over the past

decade at a faster rate than those of the United States. That
difference is apparent both in terms of the amount of
money invested 1n R&D relative to the Gross National
Product and in terms of the number of scnentls‘;s and

. enguneers as a proportion of the total labor force. More-

over, 1n West Germany and Japan, R&D investments are
more heavily concentrated'in such areas as manufactur-
ing, transportation, and telecommunications that are di-
rectly related to economic growth (ASTR-1, §1-80). Some
experts believe that the relative decline in rescarch and
development investments in some American industries
has had and will continue to have major effects on the
international competitive position of many U.S. firms
(AAAS-2; AAAS-6). ’

This background suggests that two kinds of related
actions may be needed if the rate of industrial innovation is
to be significantly stimulated in the long term. First, an
overall increasc n industrial investments in R&D; sec-
ond, redirection of a larger part of those investments
toward long-range projects rather than toward short-term
problem solving. President Reagan’s tax plan is designed
to accornplish precisely those goals.

Y

THE REASONS FOR CURRENT PATTERNS OF
INDUSTRIAL RESEARCH AND DEVELOPMENT
INVESTMENTS

.Any suggested mechanisms for changing current patterns

of industrial research and development investments as‘a
means for fostering innovation must consider the reasons
why current patterns exist. Two kinds of factors typically.
are cited. One set of factors is largely beyond the control
of industry; the other set is inherent in current industrial
management practices.

FACTORS EXTERNAL TO INDUSTRY CONTROL

The first set of factors typically cited is largely external to
business and industry. It includes such things as energy
prices, high inflation rates, Federal tax and patent pol-
icies, -a‘nd,Fedgal regulations. Federal regulations, in
particular, can require that industrial resources be directed
toward meeting tbclr requirements ai:Jd away from invest-
ment in long-term R&D (NRC-Obs.; NRC-14).

The nature of Federal regulations varies widely, as do
their efficacy and the degree to which they discourage
long-range R&D investments. In some cases, as in ener-
gy-related industri€s, regulations are concerned with
processes. In others, as in the food and drug industrics,
they are concerned primarily with products. Some regula-
tions have spawned R&D aimed at profitable control tech-
nologies. That has been the case in‘industries—the chemi-
cal industry, for example—where regulations typically
specify control by the use of the best available means
rather than by specifying a level of control without refer-
ence to any means to achieve that end (NRC-14) Despite
the wide variation in types of regulations, there isa stroﬁ‘g
perception in industry, and in this Administration. that the
effect of the broad extension of Federal regulatory au-
thority during the 1970s has, on balance, béen negative.”
In industries that both are capital intensive and produce a
complicated product (such as an automobile or an air-
plane), changes to meet specified regulatory ends are not
casily made. They involve redesign and testing of more
than one part and often necessitate major capital expendi-
tures. In many cases the funds for such changes are not
readily available, with the result that long-term R&D
programs are compromised to obtain them (NRC-14) For
somewhat different reasons, regulation of the phar-
maceuticals lndustry has been cited as a particularly noto-

_rious example. Those regulations have increased mark-

edly both the cost and the time required to bring a new -
drug to the market and, thereby, have raised the-market
prices of new drugs. In addition, regulations have slowed
down the flow of new drugs and reduced the number of
companics with financial resources adequate to engage in
the development of new drugs. Those kinds of negative
effects have raised questions about whether regulation of




. the pharmaceuticals industry has, on balance, been in the

“public interest (NRC-Obs.).

In addition to imposing the need for such defensive
rescarch in industry, Fea.ral regulations add to uncertain-
ties on the part of corporate managers-about whether
.products resulting from investments in R&D can be mar-
'keted at com:petitive costs, or even at all.® Although few
‘would suggest that industries Jhould not be regulated at
all, there js reasonably strong sentiment that Federal reg-
latory, policies can and should be made more efficient
and selective, thereby reducing some of the costs of meet-
ing segulatory requirements and enf:ouraging greater in-
vestment in long-term R&D (NRC-14). The President’s
Task Force on Regulatory Relief, chaired by the Vice
President, is expected to make recommendations to im-
prove the rational bases for establishing regulatory

~priorities:—-— - - - f. o=

FACTORS INHERENT IN AMERICAN MANAGEMENT
CHARACTERISTICS

-Investrnents in long-term R&D programs clearly depend
on the willingness ‘or propensity of industrial managers to
make those kinds of investments. However, current man-
agement practices, at least in somg industries, notably
metallurgy and automotives, may bias against making
long-term investments (NRC~Obs.). The automotive and
aircraft industries have already modified their products
both to increase fuel efficiency and to reduce energy used
in production. But it is clearly difficult for industries
facing severe financiai problems to incréase their inivest-
ments in long-term R&D (NRC-14). Moreover, as argued
by Abernathy and Rosenbloom (AAAS-2) and by Prewitt
(SSRC-1), industrial reward systems for high-level execu-
tives can have a negative effect on long-term R&D, since
rewards or bonuses to executives frequently are based on
short-term profits, which eficourages a short time hori-
zon. Long-term investments in new and perhaps risky
technologies, as well as costly retooling of existing ma-
chinery to accommodate new technical advar.es, have
Iittle.immediate payoff, a condition that does not lead to
reaping immediate rewards. -

It also has been argued that investment in long-term
technological development demands a certain basic un-
derstandi_ng of the technical base of the industry and that
American recruitment and selection practices for high-
level managers in ‘'some industries often are coun-
terproductive for long-term innovation investments. Man-
agers 1n those industries are selected for their managerial
or business skills and may have little appreciation of the
technical base of the company. Therefore, they are less
likely to apprectate the need for long-range research and
development programs (AAAS-2). In contrast, in dther
industries where top managers frequently have scientific
and engineering background . (such as the information
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and chemical industries), the ratc of technological innova-
tion continues to be reasonably high. The problem of lack
of technical expertisc among managers is compounded by
those high-level cxecutives who move from one business
*0 another faitly often and do not have time t bout
we fndustry’s technical base (AAAS-2).
different in some other industrialized copmntrics, mbst
notably Japan, Wwhere business personnel fr
with a single company for long periods of time, perhags
for their entire careers, and managers often are sophisti-
cated.about the company’s technologiesand technological
capabilitics (AAAS-2). | A

To the extent that thesc arguments are valid, they sug;
gest that some of the responsibility for lagging innovation
in the United States lies with American management
culture. Rettig suggests that some of the counterproduc-
tive management practices are also increasingly evident
among Federal program managers,, who are unwilling to
.invest Federal funds in long-term, potentially risky proj-
ects. That provides a challenge to both the private and.the
public sectors in the coming years to reevaluate and,
perhaps, change some ‘of their managerial philosophy
(AAAS-I). .

-

B

SOME REMEDIAL APPROACHES

Having suggested, first, that there is a lag in American

" industrial innovation and, second, that some of the causes
of lagging innovation are related to.current patterns of

industrial research and development activities and invest-
ments, reasonable questions include: What can be done?
By whom?

-,

CONTRIBUTIONS OF THE SCIENCE AND TECHNOLOGY
ENTERPRISE

Since the total innovation process begins with the gencra-
tion of ideas, providing additional basic_concepts and
methods is one way that science and tecﬁxﬁology might
contribute to overcoming the lag in American industrial
innovation. However, this is not the stage of the innovation
process where the most dramatic problems lie; there does
not scem to be a dearth of innovative ideas. Rather, the
critical protlems seem to lie more heavily in the later
stages of the innovation process—in the stages of develop-
ing those seminal ideas and converting them into marketa-
ble products and processes (NRC-Obs).

In addition to providing increased capacity for innova-
tion through improving the innovatign..process, science
and technology activities can have an impact upon tfie
factors both internal and external to industrial contro! that
presumably are contributing to the current lag in Amer-
ican industrial innovation. If, for example, one cause of
the innovation lag is an unwillingness of managers to
invest in long-term and potentially risky research and
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development programs, then American managenal prac-
tices may have to be reevaluated. A wide range of disci-
phines, including those concerned with orgamzational be-
havior and with economics, can contribute concepts and
methods by which to conduct that reevaluation, ab well as

. suggesting new and more effective approaches to manage;
ment (SSRC-I).

Furthermore. social science methods van "¢ used to
evaluate the impact of factors external to dndustrial control
on the innovation process. Those methods can be used
effectively to evaluate such thiags as the relative vosts and
benefits of Federal regulations and Federa! tax and patent
policies,. as well as the impacts on innovatton of such
factors as nflaton and energy prices. The findings can

. then provide a basts for framing appropriate remicdial
steps (SSRC-1). The more general topic of the usz of
sctentific information in decistonmaking and policy mak
ing 15 discussed 1n Section E of this Chapter.

A ey

»

THE GOVERNMENTAL ROLE

There s hittle that the Federal Covernment can do dirgutly
about the interpal factors inhibiting innovation in the
industnal enterprise. At most, government can provide or
support g forum for further discussion of the problem
{AAAS-1, AAAS-2). On the other hand, government can
mfluence those factors that are external 1o the industnal
enterprise and that are within 1ts control. The Federal role
in promoting industrial mnovation has been a topiv of
extensive discussion over the past few years anid 15 Lkely
to remain so during the next 5 years.

There is general agreement about three broad factors in
the Federal role 1n industrial nnovation. first, the impor-
tance of the overall economic dimate and future economie
cutlook-n stimulating (or inhibiting) corpurate managers
in.thear decisions about allocating resources to innovative
efforts, second. the importance of such indirect Federal
incentives and dissacentives as tax, patent, antitrust. and
regulatory poliies on corpurate decsions, third, the im-
portance of the Federal role in maintaining Iongf}angc
research and education capabihities in the universitics to
complement and augment industrial capabilities and to
regeneratg continually the scientific andtechnical base un
which industrial ifhovation ultmately rests.

There 15, however, considerable disagreement within

. this broad aiea of consensus about the appropriate form
andk‘xiént of lhc‘gmcrnmcnl role. Some sygnificant
Federat actions aimied at improving the Chimate for inova-
tion have recently been tahen. The Department of Justice
issued, 1n November 1980, a publication titled, Anutrust
Guide Concerming Research Juint Ventures, which scts
forth the standards 1t will use to examine the per-
missibility of collaborative research ventures between
bustnesses. Efforts have also been made to facilitate the
transfer of research findings from nomndustnal laburato-
nies 1nto the industrial setung (ASTR-//). Many studies

1

[N

suggest the need for changes.in Federal tax policies to

. N . . i .
_increase industrial investments in R&D-related plant and

equipment,’ and the Economic Recovery Tax Act, signed
by President Reagan in 1981, contains R&D taX credits,
accelerated depreciation schedules and other incentives
desigaed explicitly to stiniulate those investments Legis-
lation pending in Congress at the end of 1981 would assign
to all pnivate sector organizations (and not just ufiversitics
and small businesses as at present) the rights to patents
developed under Federal R&D funding

The question of when the Federal Government should
subsidize or vtherwise intervene in private sector R&D js
also likely to be discugsed further during the next 5 years
Such a direct Federal rolc is generally aceepted in those
cases where government itself is the primary cogyumer -
for example, in space and, most notably, Jdefense-related
wdustries. Indeed, Federal investments in defense related
research and development frequently stimulate activitics
that are.also likely to have high, long-terth payoffs in the
civilian sector. That is the case in the developinent of very
high speed integrated circuits and research in ultrasmall
clectronies, artificial intelligence and robotics. and dd
vanced materials technologies (NS). ) -

Existing Federal programs that provide muodest grants
to small firms to stimulate ‘innomti\e research are also
given high marks by .many industrial scientists. par-
ticularly since they aliow considerable latitude in integrat-
ing research, development, and marketing strategics
Likewise. a modest Federal role in cataly zing university -
industry collaborations may_be desirable. even though a
good many such collaborations are proceeding without
Federal support."

There are doubts about the appropriateness of Federal’
ceonomic stbsidies to stimulate specific commercial de
velopments 1n the civilian sector. and the Reagan Admin
istration’s policy is that, in general. such direct subsidies
will not be provided. except in the case of long-term.
high-rish but high-potential programs in the national inter-
est that industry is unable to support industry alone has
sufficient experience to relate R&D to marheting strat-
egics. Since focused Federal R&D support is almipst
always separated from the marhet. it is an ineffc¥ye
device for stimulating specific, near term commercial in
novations that can compete in the market without sus
tained subsidies. Indeed, focused Federal support on near-
termdesvelopment can even be cuanterproductive In the
few years that a large Federal energy efforthas existed. for
examplc. the push for rapid commercializationhas led to a
marhed shift from long-term research toward short term
results. As a consequence, there has been a decline in
radically new ideas and even in the applied rescarch
essential to ensure the success of exXisting projects
(NRC-14). Mureover. direct Federal support of industrial
R&D 15 fraught with the difficult problem of proprictary
nghts. For those reasons. the Reagan Administration has
<hosen to fovus more on indirect means. such as changes
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n (.x.\ laws and regu‘atur) puhues. than un direct means
to éncourage industry to increasc ity long term rescarch
investménts and to improve the cLuuate for commercatiz
ing results of R&D activities. |

"
/’

UNIVERSITA-INDUSTRY COOPERATION s

Gnm_,bn-!’ﬁdustry primarily does applied and develop-
mental research and will continue tu ,a d given that

university rescarch is pimarily basic and \nll r\onunuc tv
be so, mqrcased lml\ages between industries aRd eniver
sities have an obvious appeal in that their rescarch is
complementary, and such linhages promote the i .erpla)
between technolosz) and science. At present, cooperative

. programs between industry and universities-account for”

a . . .
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between science and technology. 4
Although relatively rarc, coopérative rzsm.arch projccts
between individual university and lndustry scientists or
engineers arranged by the individuals themselves have
gone on_for many years. The recent trend toward in-
creased cooperation involves more’formal commitmients
between institutions rather than between individuals.
Forms of ouperation vary e.unmdt.r.\bl) and include per
svnnel LXLhdnbL prugrams, uncestricted grants to univer
sitics of university departments, contracted rescarch,
juintly vwned vr vperated rescarch facilitics, and unider
sity-based institutes that senve lndustrl.ll nceds. At p&
ent, Must cupperdatine esearch pru&l‘dms dare in the ¢ngi
neenng disuiplines, computer se.ence’ and agricultare.
There arc alsv sume cooperative rescarch efforts in the

no more than about 5 percent of the financial support for /B hysical sciences, w4 the mo 2 -of ‘Cluser, university-
n

umversity research. But interest in stich ;oopcr.mon ap
pears to have increased considerably during the past Par3
years,.and this may be one of the most significant cugrent
trends affecting both the s.ience and technology basc and
thz innovative capability of U.S. industry (NRC 4.
AAAS-2). .

.Both .groups have a great deal to g,aln from closer
cooperation. Industry can facilitate its acquisitiop ofiser

entific sources of ideas and knowjedge vn which to basc i

new technology. Imdustry can also casily mahe use of
competent scientists from around the country withoat
expanding in-house capabthities. Furthermore, such coup

efation increases the povl uf putential research employges
sympathetic to industr;’s needs, since many students

_would probably become involved 1n the couperative sc

search activities." .

There are also obvious b‘éneﬁla for unncrsmes Indus
trial rcseq_n.l' support complementaiy to Federal funding
could be increased. The industnal conneciion would alsu,
provide a broader‘educational cxperience and addmonal
potential employinent opportunitics for students. In adds
tion, umversity faculty could be stmulated thwuz,h inter.
action with industnal scigntist . “nd | engineers and through |
access to specialized equipment.”

There also are some putcnual disadvantages sn univer-
sity-idustry cooperation. For example, increased in-
volvement wath industry should not unduly alter. univer-
sity research programs from their basic research
orientation toward applied and development-uriented
projects. On the industry side. loss of proprictary infor-
mation must be guarded agasnst. But those cunstraunts are
not msunnountable as fong as research cooperation is in’

dustry research links in the bmmcdudl area are being
widely disvussed.” One i interesting develupment has been |
the suppurt provided by scvewy State govgmments w’
establish university research facilitiestthat caa atttact co
vperative funds frém private,industry fur resarch un ery
high speed integrated circuits. .

The Federal Governn:nt is playing a role in.e wumg
g cooperative .n.mmes in seuﬁal critical aredt © ' The
- Department of Deﬂ.nac suppurts mdustr) unhmm w
vperative research on very high apz.ed integratal circuit
(Section [1-B). Additwnally, there is the Defense Ad
vanced Researuh Project Agency (DARPA) Joint Re
search Program in the matenials svicnees within the De
partment o? Defense, and the Offive of Naval Research has
a Sclected Opportumtu.ﬂ’runr.lm which:specifically en
courages joint university-industry projects. The National

Seichee Foundation provides support for covperative re )

search actiyities through its Industr) ‘Univensity Covpera
tive Research Projects and Lm\emt) Industry Coupera
tive Research Centers programs.

Given the potential benefits to both panms unncrslt)
industry research cooperation is almy * certdin to increase
during the next 5 years. with or without added Federal
incentives. The increased activity should permit an eval-
uation of the relative cﬂ'e;tnenc» of 1arious cooperative
modes and should alsv provide {nformation on which to
develop guidelines about the effectivencss and: apfro
priatencss- of Federal support for su.hhcopcratlon An’
indepth review of the current state of sniversity industry
wouperative réscarch will be provided by the 14th Report
of the National Science Board. Jue for release in the fall of
1982.
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D. The International Context of U.S. Science and Technology

Increasingly, the products of science and technology force
1ssues that are traditionally domestic in character into an
lntematlonal context and also place new issues on the
international agenda {AAAS-6). During the next 5 years,
events and trends outside the United States will ikewise
have impacts both on the conduct of U.S. science and
technology and on the relationships of science and tech-
nology to U.S. domestic problems.

Such trends and' developments can convemently be
divided into four categones

(1) Developmentsin science and technology that the U.S.
scierk and technology enterprises, and therefore the
United States, can use to their own advantage;

(2) Developments and trends in science and technology
and in science and technology policy that could affect
the competitive cconomic, diplomatic, or-mil
standing of the United States; ~~

{3) Problems and oppoytunities of a transnational charac-
ter related to advances in science and technology that
are likely to affect the United States or the U §
science and technology enterprise, and

{4 Global problems affecting international stability that
U.S. science and technology might help resolve

Developments and trends 1n the first two catcgories
raise the broad problem of how best to balance the desir
'ablhty for international coopcratlm in science and tech-
nology with the need for the United States to maintain 1ts
competitive position next to countries whose science and
technology are roughly comparable to ours. The two
caiegories primanly nvolve relations between the United
States and the industrialized democracies and between the
United States and the U.S.S.R. .

Examples of problems in the third category include
thuse uosociated with international resource management,

£

the global environment, and international information and \
communications capabilitics. They involve U.S. relations
with all of the industrialized countries and. additionally,
with a number of less developed countries that have some
adv;’mced science and technology capabulities, including
Mexico, Brazil, India, Pakistan, Korea, and several
OPEC countries. .

Problems in the fourth category are related to the peren-
nial, overriding issue of world poverty. They include
population and the adequacy of world food and encrgy
supplies and involve U.S. relations with all countries of
the world.

U.S._SCIENCE AND TECHNOLOGY RELATIVE

WO OTHER INDUSTRIALIZED DEMOCRACIES

Human and financial resources available for the conduct
of R&D remain considerably greater in the Umited States
than 1n any of the leading industrialized democracies,
principally the Western European countries, Canada, and
Japan. However, several of those countries are closing the
gap 1n terms of total investments, and, significantly, in-
vestments in those countries are concentrated in areas
closely related to productivity und economic growth
(5/-80). In addition, U.S. preeminence in both science
and technology is being increasingly challenged from
abroad (See Sections I-B and I-C).

Whether the gaps will continue to narrow or whethei,
on the contrary, investments 1n R&D elsewhere will de-
cline or plateau at lower levels than 11 the United States (as
they have 1n the United Kingdom and France) cannot be
answered at this ime. Certainly the other countries have
also been experiencing economic problems that may af-
fect their abilities to maintain and develop science and
technology bases. However, in view of the current eco-
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nomic situation in the United States, the decreasing U.S.

advantage in science and technology relative to many of

the industrialized democracies is bound to be of con-
tinuing- concem during the next 5 years.

One factor that could have an appreciable influence on
the competitive cconomic position of the United States is
the effect on industry of U.S i<:nv1r0nmental health, and
safety regulations. Stnce regulatory policies in this coun-
try have in the past differed from policies in other indus-
trialized countrics, the resultant additions to productton

i costs in the United States may in some cases place Amer-
< ican mdustnes at a competitive disadvantage (AAAS-6).
- A notable example is the American pharmaceuticals in-
gustry, which is unable to market certain products in the

United States because of stringent testing procedures and,
. as a result, has been increasing its foreign R&D invest-
. ments more rapidly than its domestic investments
y (NRC-14). President Reagan’s regulatory reform policies
ure expected to help address this problem.

There may also‘be temptations during the next 5-years
to erect barriers against foreign imports to protect certain
endangered U.S. industries. However, because of result-
ing decreases in the incentives for industrial innovation
that normally accoinpany competition, such a course for
protecting against competition might lead to decreases in
needed R&D investments, with undesirable long-range
economic consequences (AAAS-6).

Reciprocally, the issue of limiting U.S. exports of high
technology to the industrialized democracies is likely to
be debated Since the export of U.S.-developed technol-
ogy can increase the relative competitive positions of
other countries. an important question is. Does the mone-
tary return to the United States for exported technology
adequately reflect che likely long-range costs in terms of
incteased foreign competition? In approaching an answer
. however, it is important to note that much technology is

transferred through American-owned subsidiaries in for-

eign countries and is therefore difficult to control. In

addition,:any protectiomist measures that could lead to

countermeasures against this country must take into ac-

count the lmportant contribution to the U.S. balance of

trade from the exports of R&D-intensive industries at a
. time when non-R&D-intensive inductries have been regis-
/ tering trade deficits (S/-78).

While technological competition with the industria:
| democracies clearly 1s increasing, so are opportunities for
: cooperation in a range of science and technology ac-

tivities. Incentives for such cooperation ir incrqas'ingly
expensive R&D projects are likely to increase. The sci-
ence and technology capabilities of many of the indus-
tnialized countries are roughly comparable to those of the
United States, as are some of the economic problems they
face. Inflation rates were generally higher in all those
countrics 1n the late 1970s than they were during the
previous decade. In addition, nistng energy costs and the

; Q
*EMC sy

Aruitoxt provided by Eic:

[N

* . “
oD it o o or e S et ot e 4 Y 4 e At it & Sy sk S o 2 ot it e 5 et

L42

Generic Policy Issues 19

continuing threat of interruptions in imported petroleum
supplies are serious problems.'

A recent report of the Organization for Economic Co-
operation and Development (OECD) highlighted 4 num-
ber of problems related flirectly to science and technology
that are shared by the industrialized democracies?

() There is concern ac ‘ut an overall slowdown in indus- \
trial innovation, productivity, and economic growth

and recognition that a strong capacity for industrial \

innovation will be increasingly important in thé fu- \

ture. Conscquently, the desirability for better coordi- \
nation of R&D with the total system: of engineering,
nanyfacturing, and marketing and for integrating sci- ‘
ence and technology policy more closely with general
economic policy is widely recognized. In the United —~~

States, recent tax and patent policy changes are ex-

pected to foster industrial innovation.

(2) Broadly, there is recognition that external social fac-
tors may limit the potential contribution of science
and technology to economic growth and social ad-
vance. There is concern, for example. about the
effects of environmental, health, and safety regula-
tions on industrial innovation and productivity, and
thege is recognition that disparities in regulatory pol-
Jicies among the industrialized countrics need to be
minimized. As mentioned carlier, the Administra-
tion's regulatory reform initiatives are expected to
case the burden of regulations on America’s
industries. )

(3) There is general agreement that the financial and

human resources for conducting R&D are likely to be
constrained during the 1980s. Hence, there is recog-
nition’of a need for improving both project selection
and evaluation procedures to optimize thz use of avail-
able resources.

(4) Given those resource constraints, there’is concem
about the danger of providing insufficient long-term
investments in research capabilities. Considerable
concern exists about the decreasing growth rate of
academic research and the consequent recognition of
the desirability to take steps to preserve support for
basic research. There is a growing recognition that a
great deal of fundamental -research in, engincering
shares common characteristics with traditional basic
research in science and, therefore, needs similar lev-
els of support and protectio\n.

International science and technology cooperation could
help allev iate some of the problems. Cooperative govern-
mer.* to-government programs with other industrialized
countries are especially * :neficial to the United States
when the cost of sclving prc ‘ems is high and when the
problem area is remiote encugh from commercial applica-
tion possibilities so thaf'proprictary considerations do not
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dominate. Examples of such activities now ongoing in-

"clude advanced cnergy research and development and

space research. The United States and Japan are cooperat-
ing. 1n a number of advanced cnergy - -telated'research pro-
grams, especially in fuston research, and we cooperate
with several other countries in advanced fusion R&D
(ENERGY). ,

In addition tg; such official bilateral apd multilateral
programs, cooperation between individual American sci-
entists or private firms and thewr forelgn counterparts
should. continue to provide uppurtunities for stimulating
advances in U.S. science and technology. It1s particularly
noteworthy that the considerable investments of U.S.
firms in R&D abroad result in beneﬁts to the €.S. econo-
my as-well. -

There may also be some important lessans for the LU.S.
suience and technology enterprise to learn from the eape-
nences of other industrialized countries. For example, in
France, West Germany, and, to a lesser extent, the United
Klngdom a vonsiderably higher proportion of basw re-
search 15 varried out 1n national laboratories and non-
university research institutes than in the Umted States.
where the bulk of such research 1s done 1in umversities or
laboratorics managed by universities. Indeed, there are
few U.S. counterparts to the nonumversity system of
rescarch institutes supported by the French: and West
German governments; our national laboratories are
among the few examples. Those laboratories and
stitutes, ay well as Eurvpean’ research universities, are
guaranteed basc levels of research support from their
governmehts, and those base levels can be augmented by
spevial p'i ject grants. In contrast, about 60 perent of
avademigresearch in the United States 1s supported solely
through the project grant system. Research funding typ
wally 1s for longer time periuds in those European woun-
tnes than in the United States. These factors van provide
the stabality required for carrying out long-term specula-
tive research projects. Moreuver, longer term funding
and/or greater provision of base support reduces the ad-
ministrative burden on ndividuBl scientists (NRC-134.

Onthe other hand, there are disadvantages to the Euro-

_pcan s)atem and obvious hazards would accompany try-

ng to use the European system as a guide for long-range
planning 1n the United States. For example, the mtegra-
tion of teaching and research has been essential to the
L.S. academie system, amd any weahening of those linhs
should not be undertaken Jightly. Moreover, European
speidlists are themselves concerned about the dechming
growth rates of academic research, indicating that they
have not yet solved the problem of support to their own
satisfaction.’ However, since the pressures un university
research as 1t 1s presently conducted in the United States
are Likely to persist, st may be worth investigating the
European experience in greater detail tu determine which

clements, 1f any, could be transferable (NRC-13).

U.S. SCIENCE AND TECHNOLOGY RELATIVE
TO THE U.S.S.R.*.

Together, the investments of the United States and the
Soviet Umon account for a large mujority of total world
investments in science and technology. The Soviet Union
has long recognized that progress in science and technol-
ogy is essential to both military and economic
development. . .

" Available information suggests that the resources com-
mitted to conducting science and technology in the Sor ict
Union are gquite extensive. The ratio of national R&D
expenditures to the Gross National Product in the
U.S.S.R. rose above that of the United States in 1567, and

it now is the largest in the world (S/-80). Cost estimates

for military research, development, test, and evaluation
{RDT&E} expenditures indicate that the Soviet Union has
probably exceeded annual U.S. expenditures in those
areas during cach of the past 10 years and that RDT&E
enjoys an increasing share of Soviet military outlays (NS)
On the other hand, overall U.S. R&D expenditures still
exceed those of the U.S.S.R., and U.S civilian R&D
expenditures are muth larger than those of the Soviet
Union. The human resources committed to science and
technology activities in the Soviet Union also appcar
relatively more extensive, although the emphasis is again
on military R&D (S/-80).

Soviet scientists and engineers have made impressive
vontributions 1n a number of fields. They include, among
the fundamental suiences. mathematics, theoretical phys

" 1, astrongmy, and accelerator development. Most nu...

bly, the L.S.S.R. has made significant strides in both uivil
and military space applications and in applying R&D to
national defense. While the United States maintains its
leadership in most of the basic technologies critical to

defense, the Soviet Union 1s closing the gap in severalhey -~

technologies, including electro-optival sensors, guidapee

a'd navigation, hydroacoustic technology, optics, and

propulsion (NS).

However, 1n spite of 1ts impressive achievements in
these and a few other areas, the overall results of the
massive Soviet commitment to suience and technology
have been less than might be expected. The US SR
failure to apply suience and technology to increasing
agncultural productivity is vell known, and the U.S.S.R.
15 far behir 2 the Unuted States in the development and usc
of computer and communications technolugies More
generally, the Soviet Umon has been relatively unsuceess
ful 1 exploiting R&D fur innovations in manufacturing
industries and for purposes of economic growth.

Amerian (and Sovict) analysts have pondered the
vauses of this disappointing performence for years. Dur
ing the Stalin years, the need for suientists to demonstrate
wdevlogieal purity inhibited advances in several scientific
ficlds, most notably genetics.* The present harrassment of
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dissident scientists by the Soviet government and the
urerall imate of suspraonand se recy_also affect soen-
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Union ha‘i often been blocked even when the oyerall
political climate. was favorable Soviet scientists dre not

E

ufic advances. However, the problc’m of using R&D re-
sults appears to be most closely related to the nature of the
Sowviet economy. That the cconomy 1s centsally planned
has created nigid institutional barri€rs between the R&D
seetor and the ,adustnal sector, and the absence of strong
economic driving forees 1s snbiting innuvation and ¢oo-
nomic growth.® ’ ‘
Integrating R&D planning with general economie and,
particularly, industrial planming and devising means for
better sclection and evaluation of science and technology
goals have prevccupied o Soviet leadership since the
early 1970s.” Whaic figures un Soviet productivity-dire. tly
comparable to U.S. and Western European data are un-
available, hetle progress seems to have been maede in the

U.S.S.R. However, there are indications that the Sum,l/ '

Lmon 1s becoming far mors adept in implementing ad-
vanced R&D for military purposes (NS).

The Soviet government has recogmzed the need for o
high degree of suience and lcx,hnol]:g) literacy among,the
general labor foree and has instituted a general curriculum
reform at primary and secomdary levels that focuses heav-
ily on science and mathematics. While the eatent to which
those reforms have been implemented is not clear. and
swhile itis too carly to evaluate their effects on the quality

;of the labor force, U.S. specialists agree that, at least on
" paper, Soviet precollege science and mathematics educa-
tion is the best in the world[*

The Soviet Union also skares with the rest of the world
concerns about encrgy ‘development. The country has
considerable reserves of il and natural gas and, at pres-
ent, exports both, particulariy to the Warsaw Fact nations.
The Soviet Unton alsv has vast coal resources. a small
fraction of which it 1s exporting. However. it has « long
way 1o g0 tu realize the full potential uf thuse rescrves tor
direct use or as the basis of a synthetic fuels industry.

Thé implications of Soviet trends in sci¢nce and tech-
nology for the United States and its science and technol-
ogy enterprise are neither simple nor, as of yet, cleat.
Américan policymakers and individual American scien-
tists are frequently faced with difficult decisions about the
appropriate degree aad form of science and technology
couperation with ghe Soviet Umion. For example. there i
the question uf high-technolugy exports to the Sovict

Union. While the U.S.S.R. should clearly be denied
aueess-to spectfic advanced miliary technologies. the

" question of whether or not to export technology to the
U.S.S.R. in other cases is less clear.

~ Simlarly, in the case of bilateral scientific exchanges
with the Soviet Union. the guestion ofizeaproaty 1s
ventral. While the Suviets du excellent work 1n many
ticlds. American scientsts have often been frustrated by
the far greater controls and secrecy of Soviet society.
Access to the best suentists and facthties 10 the Soviet

-
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allowed nt travel freely, nor are most national Sientific
conferences held in the U.S.S R. open to Western scicn-
tists. Many U.S. scientists have also faced difficult per-
sonal choices on whether to participate in {xuh‘mgcs with
the Soviet Union, when fellow Soviet scientists. like
Nobel Laurcate Andrei Sakharov. have been exiled or
imprisoned. .

Therg is a clear linhage between the scientifi~ ex-
change$ “and the overall political relationship with the
Sovict Union. This was most clearly demonstrated after
the Soviet invasion of Afghanistan and the exile of
S’akharm. but there had/béen carlier linhage in 1976 at the

+peak of Soviet proxy intervention in Angola and in 1978

. . VA
¢ with the trials of Soyiet scientists Orlov and Sch.: ansky

The Soviet Union's role in abetting the suppression of
the Solidarity Muvement by the Polish government in
December 1981 provides the most recent evidence of the
need for caution in predicting the future course of all
interactions. including science and technology interac-
tions, with the U.S.S.R. The prospects for the next 5
ycars will depend on the vverall pulitical climate and on
the degree of reciprocity in the ongoing cxchanges

i

TRANSNATIONAL PROBLEMS AND
OPPORTUNITIES,

-
A number of transnational issucs associated with advances
1n and applications of science and technology are likely to
intrude themselves on the U.S. domestic agenda during
the next 5 years. They include resoufee development and
management, the global environment. and transborder
information flow.

RESOURCE DEVELOPMENT AND MANAGEMENT |

Relative depletion of vil and natural resources in the
United States and the uneven geographic distribution of
certain essential materials have resulted in the Nation's
vulnerability to limstations or snterriptions in the supplics
of rubber and some primary metals. as well as vil. Other
industrialized countrics and some middle tier countrics of
the third world share those problems.

As discussed in Scctions II-E and F, short-term re-
source vulnerabilitics of the United States and its allies do
not lend themselves readily to science and technology
sulutions, they generally are due to political and cconomic
factors. However, science and technology can play major
roles 1n the longer term. Applications of R&D to resource
exploration. recovery. processing, and use could 9ffcr E
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major part of the solution to domestic—and intema-
tional—resource supply problems. leen resource dis-
tribution patterns and the long leadtimes and large capital
investments required to exploit science and technology to
this end, it is not feasible for a single country to carry the
burdens alone. Therefore, a commitment of R&D re-
sources to those objectives—by U.S. industries in concert
with those of other industrialized nations—might be one
profitable approach to be taken during the next 5 years
(AAAS-6).

Another important resource management problem re-
quiring international attention during the next 5 years is
the rapid disappearance of tropical forests that are being
cleared in less developed countries to provide more land
for-agriculture and other commercial purposes. The con-
tinued degradation of the world’s tropical forests is par-
ticularly serious, since reforestation is not usually possi-
ble. Continuing loss of tropical forests would accelerate
the rate of extinction of tropical plants and animals and
undercut needed water development projects in certain
countries (Section II-F). It would also affect the avail-
ability of &ertain woods of importance t'the United States
and, by decreasing the amount, of carbon dioxide reab-
sorbed from the atmosphere, could contribute to global
changes in weather and climate.” In December 1980, a
U.S. Goverment Interagency Task Group produced a re-
port on tropical forests that defines several immediate
scientific and policy goais. Recommended R&D ap-
proaches include a world analysis of the rates and causes
of tropical forest loss, further study of eeosystem dynam-
ics and forest management techniques, and major interna-
tional programs to inventory, evaluate, classify, and cata-
log unique forest plant and animal types (IA).

A final example of essential transnational resource
management and development problems concerns protec-
tion of the world’s arid lands. Since most of those areas are
in the pooier countries of the world, research aimed at the
control of desertification has consequences for avoiding
famine and human dislocations and can, therefore, be
classified as a global rather than as a transnational con-
cern. However, there are also many areas in the United
States threatened by desertification and, therefore, a good
deal of and land research has implications that could lead
to better general land management in this country. Such
rescarch also could have important consequences for
Mexico, which, as far as U.S. interests are concerned, is
one of the most important of the middle-tier countries.
The United States and Mexico have executed a joint
agreement on Arid Lands Management and-Desertifica-
tion Control, which establishes a joint research program
to combat desertification along their common border.
Positive results of activities taken under the auspn.es of the
agreement should emerge dunng the next 5 years (1A,
ASTR-III). v

INTERNATIONAL ENVIRONMENTAL ISSUES

Pollution-of-the-oceans-and-the_consequent threat to.their ¢

living fésources will continue as a transnational concem
for the indefinite future. The Intergovernmental Maritime .
Organization Marine Pollution Convention articulates in-
ternational enforcement and protective procedures to con-
trol vessel-related pollution, most notably oil spills.
However, since 90 percent of the: pollution of the marine
environment arises from land-based sources, a wider
ranging set of international conventions will be needed to
control the ocean environment (IA). No dramatic effect
can be expected during the next 5 years, since establishing
control will be a long-range, multifaceted endeayor. But
small steps can be taken and are essential.

Pollittion of the atmosphere is a second transnational
environmental problem requiring continuing attention.
The problem of acid rain (or more properly acid precipita-
tion) associated with burning fossil fuels is discussed in
further detail in Section II-G. There is marked concern in
the Scandinavian countries about the effects of pollutants
from the United Kingdom, and there is some evidenc}c that’
acid rain from U.S. sources may be causing ecological
damage in Canada. Therefore, the transnational at-
mospheric pollution problem requires focused attention
and no doubt will be discussed a great deal during the next

Q years (ASTR-Iil; AAAS~6; ENVIRON).

. Potential depletion of the ozone layer due to emissions
f S]uorocarbons and other industrial materials, with pos-
1ble resultant damage to plant, animal, and human life, is
a 03\% serious although much more long-term problem
Additional research on the effects of industrial emissions
on the ozoneiayer and, consequently, on living organisms
is. progressing. The Tesults should provide means both for
a better assessment of the hazards involved and for the
eventual development of an effective, equitable interna-
tional regulatory regime, although no dramatic progress is
anticipated during the next 5 years (1A). ‘

Increasing atmospheric concentrations of carbon diox-
ide from ali forms of fossil fuel combustion and, perhaps.
from deforestation could ultimately become the most se-
rious of all atmospheric pollution problems It could be
exacerbated by e/xcesswe deforestation and the resultant
decrease in the capacity of the earth to reabsorb carbon
dioxide from the atmospnere. Increased concentrations of
atmospheric carbon dioxide could raisc Earth’s surface
temperature sufficiently to shift world patterns of agri-
cultural production and, by partially melting the polar ice
caps, raise occan levels appreciably. However, since there
arc considerable uncertainties about the details of the
complex mechanisms involved, there is tonsiderable un-
certainty about what the cons~quences of different levels
of fossil fuel combustion will be Hence. further research
on atmospheric processes and on world climate patterns is
required. The next 5 years could be critical ones for
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carrying oiit the research needed as a base for decnsnon-
.makKing about how to deal with this problem (ENERGY;
IA).

- A 3
GLOBAL ISSUES

The ﬁnal} sef of international ssues likely to have an’

impacton U. S scnenc%nd technology in the future arises
"not:so mu\.h from the’ results of science and technology,
“but: from the. contlnuedl expectauons of less developed
countries. that science and -more- partlcularly, technology
scan provnde a‘key to their economic development. That
expectatlon rerhains strong desplte the fact that at present
onlyabout 5 gercent of the world’s science and technology
. resources-are directly focused on problems of world de-
velopment (AAAS-6). '

Three large related problems constrain economtic de-
velopment -in the third world: continued populatlon
growth, n/smg pressureson the world food supply system,
and increasing world demand for petroleum. Science-and

: technoloéy have made and can continue to make impor-
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o tantcontributions to relieving those constraints and, per--

haps, buymg time for economic development

/

The extraordinary force of recent changes and present
trends in the world’s population has no precedent in
human expenence (NRC-1; AAAS-2). World population
increased by 1.9 billion, or over 75 percent, from 1950 to
1980 (Figure 7). The rate of population growth is now
declining 'modestly, but it remains at an extraordinarily
high level by all standards of past experience. For exam-
ple, the population of Asia in 1980 (2.558 billion) was
slightly larger than what the total world population was in
1950 (2.513 billion). Current projections of the world
populauon in the year 2000 cluster about 6 billion, a 40
percent increase above the current level (AAAS-9). The
ulumate steady-state world population would occur when
a snuatlon of fertility replacement (the so-called two child
famlly) is reached, and current projections are that the
world population will stabilize in the late 2Ist century at
around-9-billion people (NRC-1). Even with the uncer-
tainty in these population projections, their implications
for the world of the future could be very serious, par-

ticularly in terms of food, energy, minerals, and interna-

tional security (AAAS-9). The severity of the effects of
world population growth is dependent, however, on con-
comitant levels of scientific and technological advance.
For example, current progress in world agriculture and

industry suggests that world feod and other production

could double in the next century. If those advances do
occur, one could be relatively secure about the overall
population/resource ratio for an ultimate 9 billion people
(NRC-1).
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Note: Trends are given as they were assessed in 1978. 1950-1980 data are

Population (Billions) in the World, 1950 to 2000.

estimates, 1985-2000 are projections. 1980 data are projections from -

md-1975 data, but may be viewed ai-tffi' available estimates for 1980.
Source. W. Parker Mauldin, . ,Population “Trénds and Prospects,” Sci-
ence, Vol. 209 (July 4, 1980), p. 156. .
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But, such optimism may not bé justified when individu-
al countries and regions are considered. Given expected
technological advances, Earth’s overall carrying capacity
probably will not be exceeded, at least through the 21st
century. But, there are now and will continue to be severe
populatlon/resource problems in some countries, par-
ucularly the less developed ones. Thus, a global approach
to the:relationships between population and resources is
inappropriate; cases should be considered individually.
Bangladesh, for example, currently has little prospect of
attaining an acceptable balance between its population on
the one hand, and its land and other resources on the other
(NRC-1). In addition, migration rates within some coun-
tries, primarily from rural to urban areas, are increasing
dramatically. In the less developed countries, urban
growth rates are about double the high national growth
rates. Unprecedented urban agglomerations will appear in
the next 20 years, suggesting awesome problems in the
quality of urban life. International migration—Ilegal or
illegal, temporary or permanent, political or economic—

is also growing, implying major dislocations and greater -

demands for food, mineral resources. and energy in'some
countries (NRC-1).’

In short, what is needed over the coming years is
recognition of, and attention to, the unequal distribution
among independent nations of population and resources,
and the possible role of science and technology in mitigat-
ing the potential negative impacts of that unequal distribu-

" tion (NRC-1). The question of the appropriate U.S. role in

that-and other aspects of world science and technology
development is discussed below and in more detail in the
accompanying Source Volumes (NRC-1;, AAAS-6;
AAAS-T; AAAS-9). -
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FOOD-AND AGRICULTURE .

o
Improved worldwide agficultural productié’n will be re-

quired both to sapply ne ded’amountmf—food'and -asa

central aspectin an effective worldwide adttack on such
related issues as malnutrition, paverty, inflation, unem-
ployment, and population pressures. The United States is
the world’s greatest producer, consumer, and exporter of
‘food, and that agricultural capacity is important to Amer-
fca’s current iniematignal economic position {AAAS-8:
AGR). Many analysts argue, however. that the United
States cannot carry indefinitely thé major burden of food
production for the world. American land resources that
can be allocated to food production are-limited and can
rapidly be depleted if misused, and continued high levels
of agricultural exports could raise domestic food prices ta
unacceptable:levels. In response to those constraints, the
United States can play animportant role in increasing the
- food- production independence of other nations through
scientific and technologi I cooperation, thereby reliev-
ing some of the political ahd economic stresses that de-
stabilize international relationships (AAAS-6; AAAS-8).
Increasing agricultural productivity in the less developed
countries will be difficult given the severe constrainig
.imposed by expensive energy and limited land and water
resources. It.will require the development and use of new
technologies that provide maximum productivity for a
given set of input conditions and that take into account
potential environmental impacts (AAAS-8; AGR). That
topic is discussed in greater detail in Section I1-1.

The important contributions that basic research in biol-
ogy could make to solving a range of agncultural produc-
tion problems deserve particular mention. They include
development of!;more water-cfficient, salt-tolerant, and
stress-resistant plants; development of plants capable of
fixing nitrogen from the atmosphere; and methods for
effective pest and discase control. Revelle notes. in this
connection. that the field of biology is in its infancy
(compared with-physics and chemistry, for example) in
the sense that most fundamental discoveries remain to be

made.® Investments needed to conduct basic research in
biology are also considerably less than for the physical
sciences. Those three circumstances—the applicability of
biology to agrfculture, the relative newness of th}: field,
and the relatively modest investments required to pursue

H

it—commend’ biology as a promising discipline for de- -

velopment in third world laboratories and in institutions in
the industrialized countries that seek to optimize their
contributions to economic development.

|
ENERGYwAND DEVELOPMENT IN THE LESS DEVELOPED
COUNTRIES

The.energy problém 1s particularly severe for those less
developed countrics that have no appreciable fossil fuel
resources. Rising petroleum prices have placed many of
them under crushing burdens of debt and have forced them

to curtail development plans. By the same token, import-
ing coal from one of the major potential future exporters
(Australia, the United States, the U.S.S.R., or the Peo-
ple’s Republic of China) would be feasible only if exports
were sufficient to earn the currency needed to pay for it.
Nuclear power may be an option for some, but not all,
middle-tier countries. Thus, except for a few special
cases, solar energy may scem to be the primary available
option. But, even that option is limited, since the poorer
countries arc unlikely to be able to afford the sophisticated
material-intensive solar devices that may ultimately
provide appreciable energy in the industrialized
countries. \

Those circumstances lead to the conclusion that using
biomass for cnergy may be the best hope for the fossil fuel
deficient countries of the third world." Indeed, many of
the steps that could 'be taken to improve food production,
including investments n basic research in biology, could

, also facilitate’-development of local biomass industrief'(
1

However, development of such industries even on a sma
scale would divert labor and, no doubt, some land from
food production. While the effects of those dislocations
can be mitigated by carefui rlanning. it is unlikely that tite
energy dilemma facing the world’s poorest countries can
be/resolved without causing some additional problc:ns

U.S. SCIENCE AND TECHNOLOGY AND WORLD
DEVELOPMENT

A variety of mechanisms exist for direct technolog‘y trans-
fer to less developed or developing countries: some in-
volve private corporations. some arc based on bilateral
U.S. Agency for International Development (AID) assist-
ance, and others involve transnational cnterprises and
international agencies. However, in order for the develop-
ing countries to make effective use of transferred tech-
nologies, they need the capability to set realistic objec-
tives, to negotiate technical contracts. to weigh subtle
choices among technologies, and, in general, to be aware
of technological or economic options. That is, developing
countries require a significant internal scientific and tech-
nological capability. Acquiring that capability can. in the
long run, erhance economic performance. This has been
demonstrated by such countries as India and Korea, where
having sufticiently well develrfped science and technology
infrastructures has allowed them to adapt and use acqitired
technologices effectively (AAAS-6; AAAS-T).
ThesUnited States has the potential to piovide the type
of continued assistance that will permit those countriés to
develop and strengthen their own science and technology
capabilitics (AAAS-7). In doing so, the United States
may also be able to strengthen its bilateral relations with
specific colintries, as it has done with nations asidiverse as
Korea, Egypt, Saudi Arabia, and the People’s Republic of
China. Means that are a.ailable for fostering indigenous
capabilities include training programs for technical per-
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sonnel, assistance in estabhishing local institutions to eval-
uate and use acquired technologica: capabilities, and fos-
tering local science and technology programs. The United
States has participated in a rangg of those assistance
efforts over the past 20 years. as hdve many other indus-
trialized countries. These levels of effort have been spon-
sored .under both public and private scctor auspices.
However. many, analysts believe that a greater commit-

N

ment to those ends 1s demanded of the industrialized

.countries (AAAS-6: AAAS-7).

Achieving effective.technology transter is not \uthout
difficulties. In addition to the problem .of 1nsufficient
indigenous scientific and techmel capabilities, there are
problems related to the nature of the technology to be
transferréd. Technologies suitable for. or appropriaie to,
problem solving 1n the industrializ.d nations may not be
appropriate for use 1n the developing countries. In many
cases, adoption of technologies that are routinely applied
in industrial countries ¢an cause major social and political
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disruptions in the developing countries, such as increased
unemploymem Therefore, technologies frequently must

. be modified or adapted to local needs and conditions. and.

both determining the appropriate form and, then. achiev-
the technology transfer can be difficult tasks
(AAAS-T).

There also are major legal,’politicgr constraints on tech-
nology transfer from the industrialized to the less de-
veloped nations. One major problem concerns proprietary
rights. Most industrialized democracies are signatories to
international conventions goveraing questions of who
owns the patents to technologies. However. the less de-
veloped countrics frequently are not. Therefore, patent
rights often appear to have no force in the less develdped
countrics, and that can impede the technology transfer
process. Constraints on technology transfer will require

* continued debate and action in the coming years before

such transfer can be accomplished both expeditiously and
equitably (AAAS-7).
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E. Science, Technology, and Policymaking

The empirtcal data derived from scientific research, cou-
pled with.the conceptual and analytic teols developed by
various scientific disc /1phnes cdn provide a systematic
means to help-define and illununate many current and
eniergent problems on the national policy agenda (AAAS-
Obs.). Many, though by 10 means all, of those problems
are associated with science and technology themselves.
Additionally, science and technology can contribite con-
cepts or constructs that lend precision to decisions and to
views of the world about which decisions must be made,
although, of .course. science and technology cannot
provide a complete bass for decisions ubout issues that
involve value/hoices and political judgments (SSRC-1).
Since sciepce cannot provide the sole basis for policy
decistons, methodological and policy debates are likely to
continue to surround the application of scientific concepts

MC l ) : 1.
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and methods to the assessment of national issues. first.
because there are always residual uncertaintics assoctated
with attempts to measure, interpret, or predict the .uture

_ course of the complex phys.cal, biological. ecological. or

social systems associated with national policy, second,
because measurements themselves and (particularly in the
case of the social and behavioral sciences) the interpreta-
tions that emerge from them often touch upon or Lhallenge
deeply held individual or social values.

Despite the limitat uns of science as a pollcyn‘aklng
tool, three convergent trends suggest the increasing ini-
portance of devising more systematic and broadiy accept-
ahle ways to use information derived from the full range of

Jthe natural, social. and engineering Sciences in the deci-

sionmaking and policymaking processes
First. both the time frames and the financial resourcas
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needed for.rescarch and development have been increas-
/ng as has been the importance of science- and technol-

ogy-based innovation to our national well-being. Hence,

better gclcnuﬁc.mfonnauo_n_and better knowledge about

-

society, were treated extensively in the first Five-Year
Outlook on science and technology and in its Source
Volume.' Both the rapidity and the flexibility with which .
,information of all sorts can bg produced, processed, trans-

its potentia! application will be needed to make informed
decisions about the allocation of resources for research
and development acuvities in both the public and the
private sectors (NRC-Obs. ). Some general issues associ-
ated with the.allocatien of resources for research and
development have been treated in Sections B and C of this
ckapter, and others are highlighted-on a case-by-case basis
in Chapter 1.

More broadly, scientific data, constructs and meth-

odologies have become essential tools for making policy .

. decisions in areas not so directly related to scientific and
N technological activities and developments. Such concepts
\as externalitics, identity crisis, Gross National Product,
:}ss\imilation. the hidden economy, and unanticipated con-
sequences ‘have provided the basis for organizing the
empirical data needed for assessing the social and eco-
nomic condition of the country and for forecasting proba-
-ble consequences of various policy alternatives (SSRC-I).
The second notable trend is the phenomenal expansion
in both the amousit of avatlable information-and the elec-
tronic capabilities for handling and providing access to it.
As the informatioh revolution penctrates more deeply into
the U.S. social and economic fabric, issues related to the
production, transmission, and use of the expanded and
more accessible pool of information, including scientific
and technological information, will become increasingly
~important (AAAS-1; AAAS-3; AAAS-6).

Finally, there appears to be a\growing perception that
the regulatory mechanisms adopted during the 1970s to
manage the risks that arc inevitable outgrowths of our
science- and technology-based lndustrlal society may in

* some cases be inadequate and in others even coun-
terproductive to achieving desired social gogls The role
of the Federal Government in the regulatory sphere has in
itself become an important policy issue. Thus, the need
for better information and for improved analytical tools to
assess, compare, and manage risks as a basis for develqp-
ing regulations and to cvaluate the costs and benefits of
alternative regulatory strategies is likely to become in-
creasingly pressing (AAAS-1).

The rest of this section focuses on those two latter

trends and associated sets of issues: the availability of

information; and the use of scientific and technological
information in the regulatory sphere.

MAXIMIZING THE AVAILABILITY AND UTILITY
OF INFORMATION FOR DECISIONMAKING AND
POLICYMAKING

The rapd convergénce of computer and communications
technologies that constitutes ‘the electronics revolution,
and the effects of that revolution on several sectors of

qnltted stored, and retrieved have continucd to grow dur-
ing the past 2 years. That is partlcularlyﬂt'ue of scientific
and technological information. Examples of new oppor-
tunities afforded by the expanding information ca-
pabilitics appear throughout this report.

l

k]

CONSTRAINTS ON THE AVAILABILITY OF INFORMATION
While the total amount of available scientific information
will continue to g...w rapidly, specific types of, informa-
tion needed by decisionmakers may not be r\cg&dlly avail-
able. Scientific information is the rgsult ‘of scientific
reseasch, be it laboratory research, or survey or field
rescarch. Therefore, the availability of scientificinforma-
tion is constrained by the same internal factors {such as the
state of knowledge in particular critical ficlds) and exter-
nal factors (such as available financial, personnel, and
equipment resources) that constrain scientific research
itself. ;

Regulations on sciehtific activity are. in some cases,
another important constraint on the availability of infor-
mation that could be particularly useful for decisionmak-
ing. Overly stringent informed consent protocols may, for
example, limit the availability of critical survey or field
rescarch data (see below). Likewise, regulations designed
to protect the confidentiality of individual medical records
«nay limit the availability of data needed for epidemiologi-
cal studies. .

The availability of information for decisionmaking and
policymaking is also constrained by data management

. problems. The rate at which both the production of scien-

tific information and the information-handling ca-
pabilities have been growing qualifies as an information
explosion. That situation has, in turn, increased the diffi-
culties of aggregating needed information in a form useful
for decisionmaking and policymaking. The sheer bulk of
available information poses problems in sorting out the
more usable, better quality materials from those of lesser
quality. Current information-handling technologies do not
have that capability and may even exacerbate the problem
since they frequently “dilute” information for casy use.
Some observers have characterized the whole set of prob-
lems, which can make the effective use of scientific and
technological information difficult, as “‘information pol-
tution” (AAAS-3).

CONCEPTUAL ISSUES -

I}

in some important respects, the problef of maximizing
the availability of scientific information for pulicymaking
and decistonmaking begins with the problem of maintain-
ing and strengthening the science and technology base.

49




/E mc

Aruitoxt provided by Eic:

However, not all scientific information is directly usable
for helping to define and illuminate national policy issues,
in part because the goal of research in many disciplines .
such as mathematics, radio astronomy, high-energy phys-
ics, and molecular biology is to obtain a deeper under-
standing of nature rather than to provide reliable informa-
tion' and" tools to assist in decisionmaking outsidg the
disciplines themselves. “There are, however, scientific dis-
¢iplines in which principal research goals are directly
refated to improving the quality of the information needed
for. weighing policy options.

Survey methodologies, for exampie, provide means for
sampling the characteristics, actions, or opinions of large
groups of people. By yiclding information about such
things as voter preferences, unemployment rates, or the
market intentions of consumers, the results of such sur-
veys can aid decisionrhaking in both the public and the
private sectors. Commercial enterprises, for example,
make heavy use of survey data and demogmphlc.prglec-
tions in deciding where to locate offices or retail stores and
in choosmg products to produce ¢ and the marketing strat-
cgies to-follow (SSRC-; SSRC—3) The Federal Govern-
ment, in turn, often uses survey data as a base for the
allocation.of funds or as a basis for designing public
programs (SSRC-3). '

Likewise. during the past 20 years, a great deal of effort
has been focused on developing sound sets of data about
the current status of various institutions, such as industrial

* firms, educational institutions, and the government, and

about the ways'in which their status changes from year to
year. Collectively, those sociat indicators provide a broad
view both about the state of socicty at a given time and
about its rates and forms of change. For+xample. govern-
ment officials, businessmen, and the larger ublic fre-
quently are asked to address problems associated with
current and changing patterns in such societal elements as
crime, the birth rate, health care, and employment oppor-
tunities. Having the necessary-factual information about
the current status and rate of change of such conditions is
crucial, both to making informed and appropriate choices
among options and to framing effective polncnes
(SSRC-5).

Such indicators are regularly applled to the science and
technology enterprise and are published biannually in the
National Science Board’s sgries, Science Indicators.
Those indicators arc used to inform decisionmakers about
the effects of science and technology activities on arcas of
national concern, such as industrial productivity, and,
reciprocally, about the impacts of public policy ‘upon
science and technology. That is, they can provide a basis
for framing science policy and for maximizing the contri-
bution of science and technology efforts to the national
well-being (SSRC-5).

» Additionally, related methodologies are frequently
used to predict and evaluate the cffectivess of plauned
policy actions, and they can aid in the design, conduct,
and interpretation of the results of pilot projects. For

¢ .
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example, the FederalGovernment has sponsored experi-
mental pilot programs\to cvaluate, using social scicnce
concepts and methods, the potential impacts of such pro-
posed national efforts as\ income mainfenance, health

insurance, and h, "1sing sub.'id’ies (SSRC-1). The evalua-’

tion of the effecs of Federal regulations is a special,
important case, as discussed ik the next subsection.

-

SCIENCE AND REGULATORY PROCESSES

On February 17, 1981, the President ishued an Exccutive
Order calling for greater precision in assessing both the
necd for, and the potential impacts of, a
Federal regulations.* Subsequently, the
Force on Regulatory Relief was established under ti}e
chairmanship of ¥ “ice President to conduct a broad
assessment of Fede  regulatory laws and policies. Those
actions reflected a widespread opinion that the Federal
Government overreacted during the 1970s in framing reg-
ulations to eliminate or minimize risks to health, safety,
and the environment associated with, or resulting from,
scientific and technological activity. While few would
question the desirability for-some controls over par-
ticularly hazardous products and processes, there is evi-
dence that some Federal regulations haye had ncgative
impacts on industrial innovation and on advances in sci-
ence and technology (Sections 1-B aud I-C). The Presi-
dent’s February 1981 order requires the positive and nega-
tive effects of regulations to be weighed against each
other. Whatever the specific recommendations of the Pres-
ident’s Task Force turn out to be, they will almost ceriainly
be designed to improve the rational basis for establishing
regulatory priorities. Thus, there is a clear need for de-
' tailed information about risks and their impacts and for
aualytical tools for weighing risks, costs, and benefits.

How, then, can science and technology be used in

assessing risks and weighing altemnative strategies for
climinating or mitigating those risks? Thie first step in-
volves the identification of risks. To that end, it is useful to
consider two classes of risks: those associated with the
results of science and technology and those associated
with the conduct of science itself.

The first type of risk is exemplified by the hazards
associated with the production, use, and disposal of toxic
chemicals. The reasons that toxic chemicals are candi-
dates for some type of regulation are obvious: virtually ali

. chemicals, in sufficiently large concentrations, can cause
damage to hedlth, safety, or the environment: a few can
cause damage cven in minute quantitics. Thus, some sort
of control is required on chemical production, use, and
disposal. Recognition of the need for control is the point at
which the appropriate form and extent of regulation be-
come issues.

An example of the second type of risk includes those
associated with biomedical research on human subjects
In that case, regulations govern the activities of scientists,
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rather than the products of those activities. Again, the
reason why biomedical rescarch 1s a candidate for regula-
tion 15 obvious. to protect individuals from excessive
physical or psychuological harm resulting from being sub-
Jects_of_that_rescarch.—However, without research on
human subjects. no new drugs could ever be tested and
marketed, nor could new medical or surgical procedures
be developed. Recogmition of the conflict between the
potential benefits to be derived from research using
human subjects and the potential harm to the subjects
themselves makes the form and extent of regulation of
rescarch on human subjec.s a particularly difficult policy
problem.

Science can make two hinds of direct contributions to
framing regulatory policies for the assessment and man-
agement of rish. First. 1t can supply empincal data about
the prevalence and effects of a given set of potential
hazards. Second, 1t can provide a battery of analytical
tc»hmuuc\ for assessing mvartably complex situations
and for evaluating the effgets of alternative regulatory
strucegles (SSRC-1). .

Science can also contribute indirectly to other aspects
of policy .decisions about the management of nsh. For
example, a major question concerning risk management
15. What levels of damage to health or to safety or to the
environment from a given technological advance are ac-
eeptable? It 15 now widely recognized that achreving Zeto
rish while stll reaping the benefits of scientific and tech-
nological advance 1 tmpossible. Therefore. a guestion
that remains is: What level of risk is tolerable or accept-
able? (NRC-Obs.: AAAS-5). Answering that question
requires an understanding of public values about health
and environmental quality. as well as an understanding of
the values placed on the benefits that nught also be denved
from the technology. Scientific methods can be used to
gather information about pubhe perceptions and values
and, thereby, can contribute indirectly to the nonscientific
aspects of nsk management dccngéons (SSRC-I).

SCIENTIFIC ASSESSMENTS OF RISK

Suentific contributions ty risk assessment often involve
two different types of rescarch and analysts. First, meas-
uremens have to be made buth to establish, quantitatively.

the levels at which thc hazard (¢ suspected tuxic chemical,

for example) occurs ‘in various settings (such as a factory
or dump), and to relate different fevels of occurrence to
different classes or degrees of damage to health, safety, or
the environment. Other types of m= ssurements may also
be necessary--for example, atmospneric transport and
absurption rates n the case of air pollution from coal fired
power plants. *

Making thuse types of measurements and establishing
precisely the necessary correlations are often very daffi-
cult. Estimating specific levels of possible daniage can be
greatly facilitated by o detailed understanding of funda

t

. Federal regulation.’ .
.

‘-needed. Dealing with the uncertainty increases the judg-

IAS
menta: physical, chemical, pb)ChOlOéiLdl and biological

processes. but even in those cases some residual uncer-
tamties are common. The situation is further LOI]]leCﬂlcd
1N sUME cases since the sensitivity of instruments capable
of detecting such things as contaminants in food, water. or
the atmosphere 1s continuing to increase, sv that minute
traces may be found in previously unsuspected situations”
Furthermore, there are cases where there may be no way to
quantify rishs. such as the potential psychological damage
to a subject of a behavioral science experiment In short.
there is almost always a certain amount of residual uncer-
tainty associated with scientific assessments of rish
(NRC-Obs.: AAAS-5).

The second type of rescarch and analysis required to
asaess risks involves extrapolation of present knowledge
about hazard levels and their correlations with damage to
health. safety, or the environment to future situations. In
some cases, the extrapolations are relatively straightfor-
ward. In others, they are at best educated guesses and, as
such, arc open to debate. It is also particularly difficult to
evaluate what might have been the risk of a particular drug
that was never marketed or a power plant that was never
built. Therefore. although high levels of precision are
sometimes approached, there frequently remains consid
erable uncertainty in the analysis and measurement of
rish. Risk assessment is not yet a sufficiently precise
activity to cover all cases equally well or with egual levels
of certainty, and further methodological refinements are

mental burden on policymakers.

4

WEIGHING RISKS, COSTS, AND BENEFITS

The issue of risk can never be resolved in its own right
That is. individuals and populations are never asked to
accept arisk for its own sake. Rather. risks are acceptable
only to the degree that they are a necessary price to be paid
for anticipated benefits. It follows that any creditable
regulatory policy has to be based on a comparison of risks
and benefits, and on a broadly accepted consensus that the
anticipated benefits outweigh the anticipated risks
{AAAS -5). This need to weigh both the costs and the
benetits of potentially hazardous technulogics. as well as
the sty and benefits of regulating thuse technologies.,
was recognized 1n President Reagan™s Executive Order on

-y Thus, yet another ty pe of rescarch and analysis consist-
ing of furmal technigues for weighing sct of nishs. costs.
and benefits 15 sometinies brought to bear un rish assess-’
ment and Management. The use of such cost-benefit
analyses. however, it not without difficulties. During the :
past decade, thefe has been i increasing interest in expand- “
|
|
\
|

ing formal methuds of cust benefit analy sis to the realm of
rish-benefit companson. As vriginally and narrowly con
strued, « cost-benefit analysis of an intended policy alter
native simply totaled the anticipated monctary costs of ¢
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particular project in one column, totaled its anticipated
economic return (translated into monetary terms) in an-
other colurn, and compared the two. The method was
first used in the public sector by the Anvy Corps of
Enginecrs in plannlng and justifying water projects during

the 1930s.* Costs, in addition to those of construction,

included, for example;losses to people whose land would.

be flooded. Benefits; 1n addition to hydroelectric power
and ncreased irngation capacity, included the creation of
recreational -facilities.

- Many of the methodological problems involved in car-
rying out and interpreting such relatively narrow cost-
benefit calculations have been studied by economists for
many years, and most are now generally resolved.
However, problems that are nct 'omplctely methodologi-
cal arise in trying to extend cost- beneﬁt calculatlons to
weigh intangibles whose monetary value'is not casily
established, as is the case with many important risks. One
can, for example, compare anticipated monetary losses to
the fishing industry 1n the Northeast due to acid rain to the
costs involved in reducing industrial emissions that are the
cause of acid rain. But itis far more difficult and, to some,
morally repugnant to place a dollar value on serious
injuries to human beings or on the loss of human Ilf;
(NRC-Obs.; AAAS-5).°

Quantltatlve comparisons of risks and benefits also
carry a burden of uncertainty i in cases where both the risks
and the benefits are dnllClpa(ed in the future and, there-
fore, are more difficult to assess. At the extreme, thdse
comparisons may involve risks and benefits to distant
future generations who are likely to live urnder different
circumstances and who may therefore also weigh risks
and benefits differently than we do now (NRC-Obs.).
Nuclear waste disposal represents the classical future
generation problem (Sec Section II-E).

Finally, the risks and the benefits of a specific technol-
ogy may.not fall on the same groups in the present genera-
tion. The nsks and costs of a synthetic fuels industry, for
example, will fall most heavily on coal miners and on the
population of Western States in the forms of-environmen-
tal damage and loss of watufor*agncul!ure On the other

-
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hand, heavily populated regions in other parts of the
country could benefit greatly from the availability of syn-
thetic fuels. -

All of these uncertainties underline the fact that assess-
ments of the risks, costs, and benefits of technological
developments, and the policy decisions to be based on
them, necessarily involve value judgments that cannot.
therefore, be reduced entirely to scientific terms
However, formal analytical tools such as cost-benefitanal-
ysis can be of powerful assistance in displaying the likely
consequences of different policies and in indicating which
residual uncertainties can be reduced by better scientifi¢
information or analysis (ASTR-II).

If, as it scems likely, the science and technology enier-
prise will be called upon to a greater degree in the future to
contribute its best possible insights about risks and their
regulation to decisionmakers and policymakers, then the
analytical tools for extrapolating assessments of hazards-
into the future, for weighing risks and benefits. and for
determining public attitudes zbout various classes of risks
will need to be refined, both to improve their usefulness to
policymakers and to clarify their limits.® In sceking that
refineracnt it should be emphasized again that significant
risks, by their nature. are frequently associated with tech-
nologies, processes, or products that also carry si ;,nlllcant
anticipated benefits. Likewise, while the risks inherent in
a particular product or process can be climinated by
selecting a very different alterriative, that alternative will
carry with it risks and benefits that may be of a different
nature. Risks and benefits associated with the use of coal
and nuclear fission provide important examples Thus.
analyses are needed not just for comparing the significant
risks and benefits associated with particular products and
processes, but also for comparing risks and benefits of
entire classes of products and processes. Such large-scale
assessments necessarily involve a broad spectrum of dis-
ciplinary expertise and institutional perspectives There-
fore, both the quality and the uscfulness of such analyses
might be improved by increasing the breadth of expertise

* within specific disciplines and developing multidisciplin-

ary methods of analysis (AAAS-1; AAAS-5).
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Functional Area Problerr’is,

v

A. Introduction v
AN

A

The previous chapter was concerned \wth\lhe impacts \\at

science and technology are likely to have on problems that

transcend or cut across specific substantive ficlds or arcas

of appllcatlon and on the_ways in ‘which developments

external to science and technclogy are likely to affect their
conduct. This second chapter focuses on likely impacts of
science and technology in specific arcag of application,
orgamzed around nine functional categories. Each section
considers the ways 1n which science and technology can
contribute to the illumination and/or resolution of a se-
lected group of problems of national significance, and
, points to the limitations on science and technology in
» making those-contributions.

The specific prcblems, opportunities and constraints
discussed in this chapter are derived: from discussions in
the source fnaterials published in the companion volumes
to this report. Othker published reports, including par-
ticularly the first Five-Year Outlook and the first threc
Annual Science and Technology Reporis, have also been
drawn upon to provide additional factual information to
amplify or to round out the detailed reatments in the
Source Volumes. The source matenals for his report
include the multiple pcrspcct'ves of practmoners of sci-
ence and technology, the Federal agency programmatic
managers of science and technology, and policy experts.

- - . 3

O_pportu_nities, and Constraints

The discussions, based heavily on those perspectives, are
intended to provide 4 framework or basis for public dis-
cussion of the issues.

The discussions in each section are not intended to
include all issues in the functional arca, nor do they treat
issues in great depth. Mere comprehensive and detailed
treatments of problems, opportunities, and constraints
within a functional area can be found in the Source Vol-
umes (cited in parentheses in lhlS chapter) or |n the addi-
tional sources (cited in footnotes). |

Even with thls selectivity, some of the sections that
follow discuss more needs and opportunitics than could
possibly be fulfilled or pursued. The setting of priorities
among those opportunitics and needs is a policy decision
involving value judgments. Therefore, it cannot be based
solely on scientific or technical criteria. The purpose of
the sections is to present a sclected list of current and
emerging problems, opportunities, and constrainis for
science and technology within each fungtional arca as a
basis for sclecting items for the policy agenda and for
viewing alternative approaches to problems of national
concern. :

Although problems and opportunities are usually pre-
sented in this chapter under only one functional arca
heading, that does not mean that they are noi linked
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mportantly to other arcas, In fact. many prublems have
aspects or ramifications that transcend functional arca
lines. For example. the Natwon's water resources and then
allocation arc discussed specifically 1 the scetwn on

natural resources, but they are also critical issues for |

agnculture and for encrgy. In turn, ssucs related to our
future energy resvurces pervade all functional areas.
Linkages are nuted. where pupsible, but cach prublem’vr
vpportunity s discussed i detait only onee

B. National Security* :

Scienceand kcchnolo'g_v have altered drastically not enly
“the nature. and scale of armed eontlict in this centary, but
also the very meaning of strategic war as an option to
achieve national objectives. Thus, the strength and pro-
ductivity of a nation’s advanced technological capability
have become major elements in any geopolitical calcula-
jon (AAAS-6). . N
ince 1967. total national investments for rescarch and
lopment, measured as a percentage of Gross National
1. have been consistently higher in the Soviet
an in any other country in the world (S/-78).
% estimates for Soviet military research. de-
velopment, esting. and evaluation (RDT&E) expendi-
tres indicatélthat they have exceeded innual U.S. expen-
ditures durink cach of the past 10 years. leading t0 an
aggregate gap of about $S90 biilion, nicasured n 1982
dollars. Morc\wer. an increasing share of Soviet military
outlays is beihg devoted to RDT&E. Despite this iin

balance, the Uniied States has maintained its leadership in
most basic technologies. in large measure because of its
leadership across a broad range of coipmercial tech-
nologics. But the Soviet Union has been closing the gap in
certain key areas, including electro-optical sensors, guid-
ance and navigation. hydroacoustic technology, optics,
and propulsion.

Federal R&D funding patterns for nanonal defense
from 1971 to 1982 are shown n Figure 1. The significant |
increases in proposed obligations for 1981 and 1982 reficct
the President’s commitment to rebuild U.S. defense ca-
pabilities. Proposed budget obligaiions for defense-re-
lafed R&D will continue to increase during the next 5
years. ‘

Since the gverall U.S. international position with re-
spect to advanced technology has a direct bearing on
nationzl security. the R&D programs of the Department of
Defense aim not only at the development of specific
defense-related technologies. but also at the maintenance
of broad-based. long-range R&D chpabilines in the pri-

*Lnless atherwise noted, the matertal in this section i based upon she
report submitted to the National Science Foundation by the interagency
task group on nationat secunty that appears 1n the sccond of the sccom: ~
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vate sector 1n such key arcas as electronscs and matenials.
Thus, increasing Federal funds for defensetretated R&D
will support programs in umversities and 1n private indus-
try. as well as in_the Department of Defense'’s own
facilitics. T

Succeeding subscctions provide briel” descriptions of
several programs likely to yteld important results 1g the
next 5 years m the arcas of nucroclectronics, electrome
s, ~ms. materials technology. acronautics, space defense
anu surveillance, nuclear test detection. and human re-
sources. Additional detals about those programs, as well
as anucipated advances 1n the development and testing of
new conventional weapons systems, appear in the report
of the interagency task group on national secunty an the

Source Volrmes, Speculations regarding aspects of na-
. v &

wwnal sccunty that are not directly related to mmilitary
systems also appear in the Sostrce Volumes (AAAS-Obs..
AAAS-6; AAAS-ID),

.

ELECTRONIC COMPONENTS

One area in whick the United States maintains a clear
technological ad+antage over we Soviet Union 1s in elec-
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trunics, particularly microelectrunies. Rapid advances in

that field have made pussible the development of highly.

sophisticated sensors. some military apphcations of
which are discussed later in this section.' Sensors dased
on microelectronie carcuitey have also led to the develop-

. mentof “smart” integrated conventional systems, such as
the Assault Breaker and Tank Breaher $ystems descnbed
in the }ource Volumes (NS).

Microelectronics technology also underlies the rapidly
advancm‘g and converging ficlds of computers and com-
.munications; some mihgary apphcations will be descnbed
below. Because sophisticated electronic circuitry undes-
hes the entire U.S. defense mission, new demands. are
being placed on mihtary p2rsonnel. Research 1n be-
havioral science aimed at understanding the complex in-
terface between human beings and electronics systems 15
highhighted at the end of the section.

+

Given the centrality of microelectronics to the defense
mission, the Department of Defense is focusing consid-
crable attention on stimulating research and development
at the frontiel{/()f the field. The Very High Speed Inte-
grated Circuits (VHSIC) Program. started during fiscal
year 1980, is a 6-year, triservice/industry/university de-
velopmen, program aimed at accelerating the advance-
ment of microcircuit technology to firmly reestablish U.S.
feadership 1n the fic!d. The program alsy aims to ensure
the contintied ind.. trial vapability to pr'}mdc the elec-
tronies fequired an the next generaton of computers,
missiles, radars, and,lntclh'gcm.e processing centers. For
the semiconductor industry. VHSIC is a substantial pro
gram, ncreasing the lev o of Department of Defense R&D
support in integrated circuit techﬁology to four times what
it has been in recent years. The VHSIC program is de-
signed to provide a substanuial step forward 1n integrated
circuit performance and production capabilities. A ten-
fold reduction 1} size. weight, power consumption, and
failure rate, with accompanying savings in both initial and
life-cycle costs of military computer processing systems
compared with existing very large scale integrated circuit
technology. is envisiongd. New or improved computer
chip architecture wiil be developed to permit chip design
at an affordable cost. with minimum customization to
redyce supply and lggistic costs. .

Thie Department of Defense has also recently initiated a
very long range effort in Ultrasmall Electronics Research
(USER) intended 1o advance electronics technology sub-
stantially beyond even the goals of the VHSIC program.
With the advent of high-resolution electron. X-ray, mo-
lecular. and jon-beam lithographic techneques, an era of
dltrasmall devices can be envisioned in which individual

———feature si2¢-guge scll be fabricated on the molecular

scale of dimension$ ti.e., 10-20 nanometers). In such
devices, temporal and spatial scales would become su
short and the clectric fields so large that the physical
concepts used 10 analysis of present day semiclassical

device physics would be inappropriate and, indeed, might
be misleading. Morcover, the new physical properties
availzble could lead to radically new clectronic device
structures in that the individual device might assume a
variety of functions that depend upon the influence of
neighboring devices.

Thus, USER aims at revolutionary changes 10 to 20
years in the uturc that will depend upon cntirely new
concepts and materials. It will deal mainly with the phys-
ics, chemistry, metallurgy. and transport of charge in
highly constrained geometrical structures- that may be
used in future generations of highly complex inlegrated
circuits. USER has been called one of the last remaining
frontiers of solid-state electronics, where the new funda-
mental unit is an aggregate or array of molecules or atoms
While this research program has highly speculative as-
pects, the potential payoff is very high in terms of U.S.
preeminence in both milli?&a’ry and civilian applications of
ciectronics»in the decadcs ahead.

"

ELECTRONIC SYSTEMS

COMPUTER SO!:'I'WARF.

Beuause advancgs in software technology have not hept
pace with advances in computer hardware technology. the
Department of Defense has recently begun a concerted
attack on software problems, with special emphasis on a
few high-payoff projects. The trgency of the software
problem dertves chiefly from the following factors.

)] Softwa/rgfagqtinues to be an increasingly important
and expensive component of military systems, with
estimates of Department of Defense computer soft-
ware costs now running as high as $5 billion per year;

(2) Advances in computer hardware technology are
rapidly altering computer system characteristics and
expanding expectations for military systems.

(3) The Department of Defense has specialized software
needs that are not shared with most commercial and
industrial applications of computers: and

(4) The approaching completion of the Ada common
programming_language standardization effort,
provides an opportunity for coordinated development
of genenic software, with sigmficantly reduced du-
phication of Department of Defense software support
environments.

The software technology progranm has two major parts
The first 15 aimed at the short-term problems of realizing
the potential benefits offered by the Ada common lan-
guage effort. The second will be a longer term effort to
greatly improve the effectiveness of automated software
technology for military systems requirements and to com-
plement the computer hardware of the mid-1980s

i~
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ARTIFICIAL INTELLIGENCE

s

A state-of-the-art survey of the field of artificia’ intel-
ligence appears in the accompanying Source Volumes
(NRC-17). Coupled with work on automation and robot-
ics, advances in the field are expected to play an, in-
creasingly iniportant role in solving future military prob-
lenis of enginecring, management, logistics, reliability
and malntalnablllty remote ‘sensing, survelllunce and
~veh|cle and wéapons control.

A major Department of Defense research effort, sched-
led to begin in fiscal year 1982, will inivestigate new
techniques for automated systems that make use of state-
of-the-art knowledge of artificial intelligence. The re-
search wil! focus on methods for representing knowledge
and for reasoning with knowledge in computer systems.
Studies in systéms automation will establish the founda-
tion for a new generation of intelligent military systsms,
ranging from "“expert consultants™ to autonomatls sys-
tems, that will provide new capabilities and case man-
power needs. The “*expert consultant™ systems will assist
users in such tasks‘as planning and scheduling operations
and diagnosing and repairing complex mechanical sys-
tems. Aufonomous systems Will be capable ¢f command-
ing. contfolling, and conducting military operations and
will possess a capability to sense, think, and act.

The Department of Defense’s work in robotics is close-

‘ ly associated with that research. Not only must the De-

partment of Defense manufacture systems, it must sup-
- port and maintain those systems across a farflung theater
of operations, frequently in hostile operating environ-
. ments, using a largely unskilled labor force with a high
turpover rate. Thus, the demand for intelligent, flexible
au?c]);nation (robots) is obvious.
In the near future. the use of robots in Department of
Defense systems manufacturing will increase in parallel
‘ with industry. Maintenance and repair activities at inter-
mediate- and depot-levels will begin to use robots as the
technology matnres to the point where robot systems can
deal with the complications and variations associated with
such work. Ip the longer term, robots will be developed
for field uses to assist combat and support forces: those
applications will place still greater requirements on robots
to be flexible and intelligent and to have sensory ca-
pabilities. It has been suggested, forexample, that much
. onboard ship maintenance could be done'more efficiently
if each ship used a work cell operated by intelligent robots
to manufacture parts needed rather than carrying vast
™~ numbers of seldom-used spares.

’

COMMAND. CONTROL, AND COMMUNICATIONS

Rapid advances 1n the converging fields of computer and
cominunications technologies provide the potential to de-
velop systems to improve the Nation's ability to coordi-
nate 1its fighting forces around the world. Strategic com-
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mand, control, and communications systems must be abl2
to survive in combat and be highly dependable as the link
between the command structure, strategic reserve forces,
and troops 1n the ficld. Communications response time is
also a critical factor. In pursuing the development and
demonstration of computer/communications technology
1n a broad strategic and tactical systems contexf, experts
~are exploring computer communications technologies for
application to both individual networks and internetwork
systems. Advanced packet communications techniques
and a powerful experimental internetwork are ynder de-
velopment to provide local, regional, and long-band com-
puter communications via ground radio transmission, ter-
restnal circuits, and satellites. Several experimental
testbeds are being used to evaluate new information-
processing technologies in realistic military
environments.

The Department of Defense 15 also developing the
technology for securing classified information processed
or stored in computer and communications networks,
Basic research in distributed computer systems is address-
ing the nilitary need for geographically dispersed multi-
computer command and control systems. In fiscal year
1981, new imtiatives were begun on the design of sccure
distributed transiion systems 1n which several security |
levéls must be handled concurrently.

NEW MATERIALS TECHNOLOGIES

The availabihty of stronger, highter, and more heat resist-
ant matenals that can be fabricated from domestically
available raw materials 1s critical to the future develop-
ment of military aircraft. spacecraft, and ballistic mis-
siles. Over the years, proncering developments in ad-
vanced matenals that have emerged from Department of
Defense programs have led to vastly improved military
capabiliies as well as the creation of new U.S. industries.
Fiberglass-reinforced plastics, for example, are now fa-
mihar almost everywhere. The Department of Defense,
through early developments in its science and technology
program, has created the rapidly growing, new, world-
wide industry of fiber-reinforced plastic composite mate-
nals. Commercial and private aircraft now in develop-
~Jnent will use increasing amounts of those materials to
improve cfficiency and reduce fuel consumption.
Although the achievements have been fornmdable, the
pace of advances in mihtary technology has imposed even
more rigorous demands on systems performance, and the
quest for materials with still greater performance ca-
pahilities must be pursued vigorously in the years ahead.
Priority areas for research and development include im-
provements in carbon. carbon composites. in metal-matrix
composites, and in rapid solidification technology
The development Jt carbon fiber-reinforced carbon
composite materials has led an increasing number of
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missile developers tu consider thuse matenals to achieve

sigmficant performance gamns. Carbon fiber-reinforced

plastics provide the very high strength and. espeaally . the

stiffness needed for such applications as aircraft wing _

components, hcllwpter blades. and uther highly loaded
structures. Used in such applications. they can cut
weights by 15-30 pereent, greatly simphfy design and
construction. increase reliabihity, reduee production
costs, and decrease fuel consumption.

Carbon fiber-reinforced carbon composite matenials are
also the most effective substances yet discovered fur such
extremely high temperature applications as ballistic mis

sile reentry body nose tips and rocket nozzle throats. With |

further development, the materials are eapected tu be-
wome useful as high-temperature turbine blades fur cruise
musile engines. In addition to the performance gains
pussible with carbon carbon composites, thar domestic
availability and potential low cust could make them at-
tractive alternatives to high-cost gas turbine superalloys.
Inasmuch as the superalluys contain substantial amounts
of cobalt and chronnum for which the United States 15
almost totally dependent on imports. the development of
carbon/carbon composites as alternatives could relieve

‘U.S. dependency on foreign sources.
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Fiber-reinforced metallic materials. referred to as met-
al-matrix composites, have a vanety of potential military
apphcations. such as helicopter transmission housings.
portabie bridging components. strategic missiles. mines
and torpedoes, tactical missiles. airframe and gas turbine
components. and satellite components. In addition, the
materials show promise in the future for such uses as laser
murrors. hghtweight gun mounts, submanne propellers.
and radar antennas.

One of the early results of the Department of Defense
research and developnient program in metal-matnix coni-
posites 15 a fiber-reinforced lead gnd matenal for sub-
fuaine batteries that can lengthen the submanne battery
replacement cycle from 5 tu 10 years. thereby aligming it
with the nuclear cure replacement schedule and reducing
maintenance costs apprectably. Anuther significant con

seyuence of the work 1s the potential substitution of metal-

matnx composites for such crtical matenals as chro-
mium. cobalt, titansum, and berylhum. For example, it
has been determined that composites consisting of gh-
mudulus graphite fiber-reinforced magnesium alloys ea-
hibit stiffness. strength, and dimensional stability egus
alent or supenor to berylhum at the same weight.

During fiscal year 1982, the Department of Defensc
will move vigurously inio the arca of rapid solidification
technolugy. The ubjective of the new technology s to
produce very high yuality starting materials for new funi-
ihies of aluminum and ttamum alluys and superalluys.
Current moudest investnients have denwnstrated sufficicnt
promise and matunty of the technology to justify inttiat-
1ng ¢ majur. long-term tinancial commitment to aceelerate
the development of the new matenals.

Functional Area Problems, Opportunities. and Constraints

Rapid solidification "technology inmvolves solidifying
metals and alloys from a molten state at a very fast rate.

15 £

leading to the possibility of alloys with superior high

temperature strength, vastly improved corrosiun resist
anee, and increased lifetime. For example. ¢ new super
alldy has been made that can run 100°C hotter in .t
engines, thereby offering the design flexibility of either 4
15 percent thrust increase or a dramatic reduction in fuel
consumption. A new aluminum alloy has been developed
that is 30 pgreent lighter for aircraft construction. In the
future the nfw alluys could enable airplancs to cither carry
30 percent more payload or decrease fuel consumption.

Durning the next 5 years the Department of Defense’s
rapid sohdification technology program will involve basic
rescarch, cxpluratory development, specific technolugy
demonstrations. and manufactunng technology efforts to
be conducted at university, industrial. and govcrmment
laboratories. The technology emerging from that thrust is
expected to provide major economic benefits to transpor
tation. space, and energy systems and to the U'S com-
mercial manufacturing base in general

AERONAUTICAL TECHNOLOGY

The integration of advanced clectronics and materials
technologics is leading to significant improvements in the
combat capability of tactical aircraft It will soon be
possible to maximize aircraft performance by automat
ically changing the shape of key aircraft components in
flight such as wing sweep. airfoil camber. and engine
nlets. to provide independent six-degree of freedom con
trol 1o increase agility and minimize weapon delivery
crron, and to integrate the flight, fire control and naviga
tion systems. Thuse advances will provide task-tailored
handling quahtics. Fire control information will be used
to dutumatically or semiautomatically assist the ptlot in
mancuvenng the aircraft  Additionally, the new control
concepts provide the capabality tu conduct & mancuvering
approach to launch for air-to-ground weapons. thereby
increasing survivability-against ground defenses

Recent investigations of the Department of Defense’s
aircraft engine development programs have condluded
that additional effurts need to be placed vn durability and
reliability aspects during the carly rescarch and develdp
ment phases of the program. The technology program is
also being reoriented to stress relmbnht) and madin-
tainability. The increasing costs of prop\:_lsmn systems
and the supporting costs after they are placed.in vperation
have become major concerns. Since a large cost factor is
the number uf parts in a propulsion system, eurren\tefforts
are asmed at reducing the number of compressor stages by
improving cOmponent performance A mujor effort in the
advanced turbine engine gas generator program is being
made tu increase the structural testing of promising new
turbine engine concepts. Successful completion of those

37
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tests should provide a basc for better transition of ad
vanced technologies to engines on a timely basis.

A triservice working group has Been formed to define
an overall plan te-develop and demonstrate small engine
technology in thg 1 to.7 ponnd per second arflow class.
Those.cngines are applicable to auxiliary power umts,
light -helicopters, light fixed-wing aircraft, and cruise
pissiles, all of which are aiaily used by U.S. armed
forces. ’ o

e ———— ey

]
SPACE DEFENSE AND SURVEILLANCE

The exploitation of space as a medium for important
military functions raises the potential for hostile acts
against\U.S. space assets and presents the need to develop
effective space defense and surveillance systems.

Recent advances in laser technology create possibihtics
for ﬁigh-cnergy*laser weapons for use in ¢pace While
very long lethal ranges and propagation at the speed of
light make lasers uniquely capable for such applications.
improvements by orders of magnitude in critical perform
ance factors are required before weapons applications
would be possible. The current Department of Defense
effortis intended to develop the basic technology to apply
those improvements to critical laser design parameters as
well as advances in system performance.

In the past year, there has been substantial progress
toward establishing the technology base for chemical laser
weapons. Scale system testing has veriﬁc}d that the high
fuel efficiency obtained previously with subscale systems
also applies to higher power laser devices In addition.
researchers have developed unconventional concepts that
cqual, and in some cases exceed. the performance of
existing devices. The high fuel efficiency and decreased
weight attainable when the new concepts are applied
could translate into a space laser weapons system of
lighter weight or more fuel storage capacity if scaling
continues to hold for very high power laser devices

The Department of Defense’s charged particle beam
program is intended to demonstrate the feasibility of sta-
ble, predictable propagation of high-power, relativistic
clectron beams in the atmosphere over distances of mili
tary interest. The essential tool for investigation of at
mospheric electron beam propagation is an Advanced Test
Accelerator, now under construction at Lawrence Liver-
more Laboratory. The Experimental Test Accelerator.
which will serve as its front end, was completed recently.
and experiments will be performed in order to extend
previous low-energy propagation data When ¢ompleted
at the end of fiscal year 1982, the Advanced Test Accelera-
tor may provide the essential scientific data required to
begin planning preprototype weapons systems

The principal emphasis 1n the space surveillance pro
gram has been on advanced visible and infrared detector
arrays. The enhanced capabilitics of such devices permit o

vanety of surveillance and battle management missions
not possible previously. An advanced high-resolution in-
frared sensu. has been installed in 4 National Aeronautics
and Space Administration (NASA) U-2 aircraft to collect
measurements of Earth bachground and tactial targets.
Advanced detector array production for the Defense Ad-
vanced Rescarch Projects Ageacy’s (DARPA) TEAL
RUBY cxperiment, the first on-orbit demonstration of

" “advanced detector technology, will provide a target/back-

ground signature data base 10 support the design of future
operational systems. The sensor is expacted to be deliv-
ered to the U.S. Air Force for integranon with the P80-1
spacecraft for a planned Shuttle launch later in this
decade. :

NUCLEAR TEST VERIFICATION

Research n nuclear arms tests verification 1s intended to
provide a wider range of sensor options and greater as-
sutance of detection and identification of nuclear tests.
Current efforts involve the development of advanced sen-
sur systems and associated data analysis procedures. With
recent advances n characterization of seisimic sourees and
wave propagation moedehng. and the completion of a
worldwide network of high-quality digital monitoring sta-
tions, 1t 15 now pussible to develop source identification
procedures based on physical and geometrie properties.

A manie scismic System demonstration program will
offer the possibility of monitoring. unobtrusively and at
lose distances, the most seismically active regrons for
clandestine underground tests. Such a system would
provide significantly enhanced global monitoring ca-
pabilities of underground snd underwater nuclear tests. It
aonsists of a high-quality. three-cotnponent borehole seis-
mometer and assoviated signal condstioming electronics
surtable for long-term emplacement in the deep veean
floor. The program will demonstrate the feasibility of
nstalling and operating a state of-the-art seisnue detector
1n a borehole 1n the deep (5.6 km) ocean flour. Application
of the sersmie data to detection, location, and identfica-
tion of underground explosions will depend on analysis
techmyues developed under vngoing programs in seismic
source and signal propagation theory and advanced data
processing.

The marine seismie System program was initrated in
late fiscal year 1777, and the design for the system was
wompleted at the end of fiscal year 1980. Technigues and
specialized equipment required for placing the instrument
1n borcholes 1n the ocean floor using the drllship Glumar
Challenger »~ve been completed. An at-sea test was con-
ducted 1n the mid-Atlantic in early 1981 to venfy operation
of the equipment and to gather 1nitial data on seismic noise
reduction 1n thatenvironment. The sensor, with associated
electrontes required for data acquisition and storage, will
be developéd by early 1982, and deploy ment of the sy stem
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Functional Area Problems, Opportunities, and Constraints

1s scheduled for the summer of 1982. Full system com-
munications will be added in 1983.

HUMAN RESOURCES

The _availabilii) of sufticient numbers of committed scien
tists and engineers is a prerequisite to the success of the
defense-related R&D programs highlighted in this sec
tion. For that reason, current and anticipated future con-
straints on the supply of qualified éngineers are of particu-
lar concemn to the defense mission (Section {-B). The
armed services are continuing to experience difficulties in
recruiting and retaining qualified engineers, in part be-
cause of the high starting salaries available in private
industry. For the same reason, university engincering
departments, which may be called upon to conduct a wide
range of defense-related rescarch during the next 5 years,

re unable to fill all available faculty positions * Those
problems could become increasingly severe during the
decade. -

Moﬁ: broadly, the rapid advances in science and telbh-
nologj that have increased the complexity of occupations
and protcss:ons in the civilian sector during the past 20
years have brought about similar complexities in the de-
fense sector. Weapons systems are more sophisticated. the
speed of battle has increased, and the demands on the
individual are mounting Thus, a reasonable level of sci-
ence and technology literacy is increasingly desirable. if
not essential, for military personnel at all levels In recog-
nition of those circumstances, the Soviet Union has de-

“veloped a curriculum in mathematics, science, and tech-

nology at the primary and sccondary school levels. which
is, on paper, the most advanced in the world.* Iu contrast.
the degree of science and technology literacy of American
high school graduates who‘are not intent on careers in
science, engineering, or such related professions as medi-
cine appears to have eroded seriously since the
mid:1960s.*

Resolution of thuse problems involves a range of issues
that go beyond science and technology. In any event, since
the complexity of the defense mission is certain to in-
crease, research 1s being pursued i several behavioral
science fields with the objective of making the most
effective use of the human resources available to the
armed services. For example. it has become very costly to
train people to operate and mantain high-technology
wedpons systems. Indeed.-the cost of the training equip-
ment often approaches the cost of the actual weapons
systemtself. Many of the skills needed for combat cannot
be imparted using conventional techniques 1n a peacetime
environment. For those reasons the Department of De-
fense conducts research in education aimed at the de-
velopment of instructional systems, the identification and
vahdation of candidate training media, and the assessment

of output performance. }

e,
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Current and evolving computer technoiogics are ex-
pected to influence the methods and effectiveness of per-
sonnel training. One result will be to make possible com-
puter-based-~instruction-systems capable of holding
complicated conversations about a subject comparable to
a Socratic dialog. By 1985, there should be several in-

. structional sy stems of this type indaily use, and nunicrous

efforts will be under way to expand the range of topics
covered and the depth of understanding posscssed by the
systems. Also, by 1985, a knowledge representation
scheme for aircraft maintenance data will be developed
and demonstrated. It 15 anticipated that the system can be
provided at reasonable cost and that it will be suatable both
for training arrcraft mechanies and for providing a diag-
nostic aid for special problems. Once the hnowledge
representation technology 1s demonstrated, it should be
rapidly apphied to a vanety of other systems during thu
latter half of the decade.

Another major defense-related behavioral research pro
gram aims at thanung thg information- proussmz, and

todday s_defense mussions, sophisticated sensur and com
munications systems canjgather an sverwhelming amount

of informkgtion that 1s valgable or cntical to the conduct of

operations. rement of information mudt vceur
at the interface between machine presentation and human
response 1n order to wope with the information load.
Automation of more processing functions certainly can
vontribute to information hendhing. bui even far into
the future, effective and dependable system performance
will still require effective human operators and

. decisionmakers.

Some problems that require attcation in addressing the
nterface between machine presentation and human cogni-
tive responses 1n the context of military operational en-
vironments and systems arc:

t1) Dealing with potential information vverload for vper
ators and decisionmakers;

(2) Dealing with time-critical information.

(3) Deciding what information ip « high-volume vystem
to save or store;

(4) Finding the optimal organization for different mixes

of information;

Dealing with data bases prune tu undetected crrors or

missing data;

Presenting information ig an optimal way for such

diverse functions as alefting for « critical cvent.

monitoring for an infregpent failurc. diagnosing o

problem condition, or prgsenting alternative courses

of action; and

Prowdmg, n.qunsntu control i mp t mtgrlaux and ¢n

(5)

(6)

(7
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Because these problems are interdisciplinary and at the
frontier of interaction between the behavioral and infor-
mational sciences, there is a clear need to combine re-
search from both the psychological and computer sci-
ences. Rescarch specialties that will be essential
elements 1n such interdisciplinary projects include human
factors, artificial intelligence, psycholinguistics, decision
analysis, communications theory, information manage-
ment, information display, human information process-
118, human aptitudes, systems engincering, and manage-
ment science.

Human factors engineering, which is concerned with
human performance implications for the design of hard-
ware, provides a final example of a behavioral research
effort supported by the Department of Defense. Research
objectives are:

(1) To provide basic knowledge of the sensory, percep-
tual, cognitive, and response characteristics that un-
derlie task performance capabilities;

(2) To translate task performance information into new
ways to interface man with his equipment, and

(3) Todevelop methods for assessing man's contributions
to systems.

Current research concentrates upon vision and visual
perception characteristics, neurophysiological metrics

(such as visual responses that indicate perceptual and °

cognitive processes). information-processing principles
for man-computer interface design, decisionmaking in
command and control, and workload measurement
methodologies. i
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C. Space

The exploration of space has only just begun. Yet 2 wide
range of potential uses for space—for expanding know!-
edge about the planctary system and the universe as a
whole, for solving problems on Earth, and for serving
national defense needs—have already been identificd.
Reaping some of those potential benefits, however, may be

_ far off, since space missions require extensive develop-

ment programs and typically take several years from
conception to launch. Even after missions are launched,
they often need to be operative for several years before all
the results are clearly evident. Additionally, derniving so-
vial, political, or economic benefits from those results
requires that they be institutionalized into ongoing opera
tronal systems, and that, too, requires time. In that re
spect, the situation 1s not much different from that in other
large-scale research and development programs, such as
those in energy, transportation, and health. However,
space exploration ss still relatively novel, and our potential
capabilities 1n that arca are expanding rapidly. For these

-reasons we may still lack much of the expenence required

to formulate precise long-range plans that can make the

most cffective use of the potentizfls of space. In other
words, we have to continue to invent the future as we
proceed.

Space has been referred to as the new limitless ocean.
Given the historic impulse to explore, to understand, and
to control such uncharted regions, there is no doubt that

humans will seek to master space. The only questions are.”

Who will explore space and reap its benefits? When will
the various phases of exploration and mastery occur? The
National Aeronautics and Space Act of 1958 and policy
decistons by successive Administrations have committed
the United States to leadership in space Financial re-
sources in this area, however, as in all others, are limited.
Therefore, in order to ensure that the U.S. space program
constitutes a logical, efficient, and cost-effective se-
guence of activities that can take advantage of emerging
technological opportunities, space planning is carried out
with 4 very long ranging time perspective. Because of the
need for long-range planning, many of the activities dis-
cussed in this section, from the study of concepts to the
employment of space systems, will not be completed for
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. many years, even though they may alrcady have bezn
initiated or are well into the planning or devclopment
stages. :

SPACE TECHNOLOGY AND SPACE SCIENCE

The U.S. space program of the 1960s concentrated on
developing the technologies of propulsion, power, struc-

tures, controls, and electronics systems needed for space |

0per4t10ns and on proving that space flight was not only
technologically feasible, but also potentially very useful.
The decade of the 1970s was a period of consolidation,
initial development of a reusable space transportation
system, and assessment of the most fruitful ditections to
pursue in space science, research, and applications The
directions selected supported application of space ca-
pabilities to the solution of terrestrial problems, and ex-
ploitation of th¢ ‘space environment for scientific pur-
poses. Missions were continued and plans for future
missions were initiated to exploit the unique capabilities
of space systems to increase and deepen our understand-
£ ing of the universe (NRC-9; SPACE).

Space activities in the 1980s are expected to be more
intemational in character, more sophisticated in technol-
ogy, and richer in their contribution to scientific knowl-
edge. Results are expected that will be potentially valu-
able for commercial, civil, and military applications
Efforts /will also be made to involve the private sector
more in the support of U.S. space programs that could
provide long-range commercial benefits. The communi-
cations industry b already made considerable commit-
ments to space, anu the promise of the unique environ-
ment it offers for certain manufacturing processes has
received considerable attention. However, because it is
often impossible to project accurately the benefits from a
specific program, because space programs require such
long leadtimes before benefits from investments are real-
ized, and because benefits would likely be widely dis-
persed rather than centered in specific businesses, private
enterprise fias understandably not been inclined toward
financial support of many major space programs. The
private sector might'be more willing_to commit additional
speculative funds to space programs if the payback period
were shorter and profits guaranteed, and if it were more
closely involved 1n long-range planmng and could there-
fore influence directions of space programs to fulfll 1ts
future commercial needs. Therefore, for the near future,
the Federal Government will remain the primary sponsur
of the U.S. space R&D cffort (SPACE).

One area of space activity in which the Umited States
currently holds undisputed world leadership 1s space sci-
ence. That area incfudes both nterplanetary explorations
and astronomical observations from orbiting satellites.
Space exploration has pard huge dividends 1n other
sphcres by advancing technology for electronics 1n gener-
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" urements can be made, it must, take into consideration

al, computer technology in particular, and many other
scientific and technical areas. It has added significantly to
knowledge about the universe and about how Earth and its
inhabitants fit into the universe. Given that knowledge and
the new capabilitics provided by the Space Shuttle and the
planned Space Telescope, this Nation is in « position to do
even better work in the space sciences in the comiug years
(NRC-9; NRC-17; SPACE).

Investigation of the origin and evolution of the universe
falls into four space science subcategories. astrophysics.
solar-terrestrial physics, planetary research, and the life
sciences (SPACE). Space science encompasses Earth. the |
solar system, our galaxy, and the entire universe. Its
activities can provide information about the emergence of
life on Earth and can investigate the possibility that life -
may exist elsewhere in the universe. It requires study of an :
incredibly diverse group of objects, such as diffuse clouds
of gas and dust, stars and their systems of planets, comets.
asteroids, pulsars, and quasars. And, unti! onsite meas-

radiation in all the frequency regions from visible light to
cosmic rays. Detailed discussions of recent advances and
promising opportunitics in space science appear in the
Source Volumes (NRC-5, NRC-17, SPACE).

It 1s worth noting. however, that although almuost limit
less opportunities exist for furthering our hnowledge of
the rature of the universe and our place in it. resource
constraints will continue to require that explicit priorities
be set. Scientific opportunities associated with 4 particu-
lar type of project must be balanced against opportunitics
lost by foregoing another project. As n other parts of tiic
space program, selection of priorities cannot be made
solely on the basis of what can be done or what. from a
scientific perspective. should be done. There 18 nu ques-
tion that the human race will continue to explose the
universe or that the United States v.ill continue to be
deeply involved 1n doing so. The importent question, as
already noted 1n a more general context. 15, What specific
opportunities ought to be seized and when?

s S

THE SPACE TRANSPORTATION SYSTEM

The first successful orbital tests of the Space Shuttle in
Apnl 1981 launched a new era of U.S space capability
The Shuttle Orbiter, which is the basic element of the
Space Transportation System, is not only a reusable
launch and reentry vehicle. but also a short-term. low-
Earth-orbit space platform. Although the precise long
term launch rate to accommodate many of the potential
payloads for the complete Space Transportation System
continues to cvolve, the Shuttle is now heavily buuked for
its carly years of uperation. Organizations alrcady com
mutted to its use include the National Acronautics and
Space Administration (NASA). the Department of De
fense (DOD), other agencies of the U.S Government,
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commercial concerns, and foreign governments (NS,
SPACE). It may be. therefore, that if the realized traffic
model grows significantly, the four orbiters already sched-
uled for production will eventually have to be augmented
to realize the system’s full potenuial. In addition, some
planned payloads will require greater service facilities,
more power, and longer stay-times 1n space than the cur-
rent system can provide (NRC-9).

THE STATUS AND USES OF THE SYSTEM

The Space Transportation System 1s expected to replace.
progressively through the 1980s, the expendable launch
vehicles on which the space programs of this Nation and
other nations have so far relied. ftwill cons:st of the Space
Shuttle, the European-developed Spacelab. and upper
stages for boosting payloads from the Shuttle’s low-Earth
orbit to higher orbits (NRC-9).

Full development and exploitation of the Shuttle system
provide a wide range of exciting opportunities for the usc
of space. Several of those opporturities are expected to be
realized during the next 5 years For axamnle, the Shuttle
will be abie to transport a wide varicty of payloads as large
as IS feet in diameter and 60 feet long and weighing as
much as 65,000 pounds. In addition. it can launch, serv-
ice, and retrieve free-fiying spacecraft. A Shuttle orbiter
with a Spacelab mounted in its cargo bay will provide a
low-Earth-orbit space platform witks a stay-time in space
of up to 7 days or longer. Because of the potential ease of
carrying out some procésses in the near-zero gravity en-
vironment of space. investigations in materials processing
during the next 5 years are expected to fay the groundwork
for the commercial production of new and superior mate-
rials 1n space (NRC-9; Also, the greater access to space
provided by the Shuttle is expected to improve current
capabilities for remote sensing of Earth and its environ-
ment. Satellites will be inserted into Earth orbit from the
Shuttle. thereby lessemng the need for expendable launch
vehicles and casing Iimitations on the weight and size of
payloads. Italso 1s anticipated that the Shuttle will provide
umque vpportumties in infrared and optical solar astrono-
my. The launching of a hife science laboratory is another
possibility currently being examined (NRC-17. SPACE).

In addition to providing many new opportunities for
studying and using the space environment, development
ot the Shuttle has been paralleled by the refinement of
many technologies. that will have potential uses in other
arenas. For example. design of the Shuttle was accom-
panied by major adances n hypersonic acrodynamics,
thermal protection uevices, and very igh pressure hiquid-
tueled engines. In addiwon. the Shutte’s flight control
system, including the use of five identtcal computers for
sensor computational redundancy, is an example of a
state-ot-the-art computer system offering improved and
advanced control technology for many Earth-based ap-
plications (NRC-17).

SOMLE ANTICIPATED N[l:l)Sr FOR THL SYSTEM

Regular operational flights of the Shuttle are scheduled to
begin in late 1982, They will mark the beginning of a new
national capability, but not its maturity. additional refine-
ments clearly will be needed. Since many of those needed
refinements will become evident only as flight =xperience
discloses them, some improvements in the system will
have to be planned as the need for them is identified. One
improvement already obvious involves the ab ity totrans-
port heavier cargo loads into space. Anotheris anecessary
augme atation in available electrical power. both to provide
a supply adeguate for expected payloads and to increase
the Shuttle-Spacelab’s stay-time in orbit Current technol-
ogy is sufficient for development of systems that could
satisfy xpected needs for the next 5 years. However,
longer range needs syiggest a requirement for incréases in
the capacity of energy storage devices and improvements
in power-management systems (SPACE)

As mentioned, some future science and applications
sayloads will require greater stay-times in space than that
provided by the augmented Shuttle-Spacelab. Mounting
those payloads on unmanned space platforms in low-Earth
orbits scems now to be the most efficient method of
accommodation, Structures up to a certain size will be
carried to space in the Shuttle’s cargo bay, but larger
structures will have to be transported in sections and/or
preiolded and assembled 1n space. Some structures that
may be needed in the future could be large enough to
require fabricauon in space. Therefore. work has begun in
developing both the assembly and the fabricating tech-
mques that would be needed and the technologies to be
used to maintain the orientauon and geometry of the
structures (SPACE).

The period of rotation of any satellite is determined
entirely by its distance from Earth’s center The rotation
period of a satellite located approximately 24.000 miles
from the Earth’s center is 24 hours—-the rotational period
of the Earth itself. Since the positions of such satellites
remain stationary with respect to Earth's surface. their
orbits are referred to as geosynchronous Communica-
tions satellites, for example. benefit greatly from being in
geosynchronous orbit. and some remote sensing and
space science tasks require that sensors occupy similar
orbital positions. As space science and technology pro-
gress, the demand for the hmited number of geo-
synchronous orbit positions is projected to grow rapidly.
while the number of such positions obviously will not
Indecd. preemption of geosynchronous poritions is an
emerging international problem. as noted later in this
section. Therefore, consideration currently is being given
to collecting a range of payloads on large, unmanned
geosynchronous platforms. Those platforms will pose
special problems since they may initially have to be serv-
iced remotely from great distances (SPACE).
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The movement of space platforms from Shuttle altitude
to geosynchronous orbit will require transfer vehicles

‘having greater lifting capabihties than those of the Inertial
Upper Stage and the Sptnming Solid Upper Stages of the.

Space Transportation System currently being developed

an coordination_with NASA by the_U.S. Air_Force_and

industry, respectively. NASA is considering development
of orbit transfer vehicles to meet those needs when they
arise. The vehicles would also have the capability to place
satellites 1n orbits that depart from the vicinity of Earth,
and possibly to retrieve satellites both near to and remote
from the Shuttle. The hhely near-term (1990s) need is for
an advanced propulsion sysiem to serve as an upper stage
for planetary missions in the space science program
(SPACE).

Future advances in long-term manned space systems
raise additional questions on how the human body fune-
tions 10 space. Netther the short-term nor the long-term
effects of spaceflight on ph)snulubual functions are as yet
adejuately understood. Methods for mtigatng potential
adverse effects as well ay advanced subsystems to provide

“life support for human operators are needed. Further

more, vptimal patterns of work, exercise, nutntion, and
sleep must be worked vut. and new procedures for main-
tatnyng health and treating illnesses 1n space: will require
development (SPACE). Thus. although the Space Trans-
portation System opens « myriad of possibilities for the
exploration of the potential of space. optimal use of the
system will require many additional contributions from
the science and technology enterprese.

REMOTE SENSING. COMMUNICATIONS, AND
DATA MANAGEMENT

Sensing Barth and 1ts environme, from space provides
informationsthat can be obtainee by no other known

means. Thus, remote'sénsing is a singular resource which
can contribute angmﬁmnll) to the acquisition of knowl-
edge. Likewnse, “satellites 1n geusynchronous orbit have
the uniyue capabihty of being in the direct line of sight of
appreciable sections of the Earth’s surface. They thegefore
offer unparalleled facility for receiving, processing, and
transmitting information.

THE USES AND POTENTIALS OF REMOTE SENSING

Remote sensing from space can provide accurate and
wontinuously updated infurmation on Earth’s resources
and environment vital to the effectiveness of public polic®
decisions (SPACE., NR), as well as snformation useful in
protecting our nativnal security. Sume remote sensing
programs are already in operaton, while others are in
planning or development stages. Since 1972, the United
States has conducted civil remute sensing for natural
resourees Management and environmental monitoring

through Landsat satellites. Those satellites provide infor-
mation about both renewable and nonrenewable natural
resources throughout the world, and theip information is
used by many other countries. The acquisition of those
data has implications for the search for additional sources
of such materials as scarce nunerals and energy resources
(ASTR-11I). ‘

Monitoring urban and suburb.m residential patterns s
dlso pussible through remote sensing. Another potentially
useful application is 1n forecasting the production of all

‘major-crops-(AGR. SPACE). Descriptions of additional

applications appear in the Sonrce Volumes (AGR.NS, NR,
SPACE: NRC-9).

COMMUNICATIONS

The phenomenal growth in international and domestic
communications satellite networks during the 1970s sur-
passed all projections and created a need for communica-
tions satellites with greatly enhanced capabilities
(SPACE). That growth rate is expected to continue, pa.
vicularly as some of the middle-tier countrics implement
their own sy stems and as other experimental applications.
such as emergency and Cisaster communications and
land-module voice communic ationg,:become vperatipnal
(SPACE. IA). It should be noted that the development and
use of communications satellites is one aspect of tie
national space effort whére the private sector has been and
will continue to be heavily involved.

The Tracking and Data Relay Satellite System currently
under development is expected to become operational in
1984. It iy designed to be able to handle inereasingly
higher rates of data transmission from Earth-orbiting sat-
elhtes. However, no exisung or planned system 1s ex-
pected to be able to handle the large data loads expected in
the 1990s For thisy reason. NASA is presently focusing
research on developing. within a decade, a communica-
tions capacity that is several times as large as the current
capacity and 1s based un a highly flexible wide-band data
communications network. Aspects of this rescarch and
development program include vpening up ¢ new frequen-
¢y band for satellite communications applications and
developing advanced multibeam antennas and onboard
switching systems to increase the capacity of presently
used and planned frequency bands (SPACE).

DATA MANAGEMENT

Remote sensing and communications satellite capabilitics
are placing considerable stress on the ability tw process
and use data both effectively and cheaply. Thus, the field
of data pre.essing has emerged as o very important ele-
ment i translating the potential of space nto actual bene-
fits. As a result of past technological developments, the
end-to-end cost of processing sateilite data has de_reased
substantially  from about $100 per processed megabit (in
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other words, per million pieces of binary information) to
something on t* e order of $6 per processed megabit. 1f the
current rate of decrease continues to 1990, the cost would
be reduced.to $1 per megabit. Even so, the annual cost of
processing daily full-coverage Jata frum an vperational
Earth-resources satellite could still be extremely high
{SPACE). The problem of cost could hamper exploitation
of the full potenual of remote-sensing capabilities during

the coming decades (SPACE; ASTR-11!).

INTERNATIONAL COOPERATION AND
COMPETITION

Since space projects are major, long-term undertakings,
they provide attractive opportunities for international co-
operation. The United States, as the world's leader in
space, has taken the lead in implementing many of those
opportunities. This country currently has a variety of
cooperative space science programs with other nations.
The largest and most complete cooperative space program
is Spacelab, developed by 10 European countries. under
the management of the European Space Agency (ESA)
according to design specifications arrived at jointly by
NASA and ESA{ NASA is also working with Canadian
and French agencies to develop and demonstrate a satellite
system that will llocate ships and aircraft in distress by
monitoring the emergency beacons they carry. The Sovi-
ets are developing a similar system and have agreed to
make it compatibleé with the U.S./Canadian/French sys-
tem. Cooperation petween the United States and the
U.S.S.R. in the lifé scicnces has provided this country
with some scientific information and some 9pportunities
to fly experiments during the current hiatus in U.S.-
manned flights (NRCY9; SPACE).

The International Sun-Earth Explorer (ISEE) also n-
volves cooperation bvltween NASA and the European
Space Agency. in this project, which explores the work-
ings at the boundaries '\of the Sun-Earth plasma, coordi-
nated measurements of the magnetosphere are being
made. A destrable future step 1n a comprehensive pro-
gram of vouperative research on the structure of the mag-
nctosphere and its interaction with the solar witd would
invulve measurements 1 the total Sun-Earth system from
a mimmum of four spacecraft (NRC-9).

The Peuple’s Republiy of China (PRC) has entered the
space era—suceessully orbiting eight satelhites and de-
veloping a launch vehidle to carry satelhtes into geo-
synchronous urbit—and vpportunities for cooperation
with that country n civil space activities are beginning to
open up. Under a recently signed U.S./PRC agreement,
PRC 15 wonsidering the purchase of major Earth-observa-
tion equipment from U.S. industry (SPACE).

Civil space, applications have also become a potential
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their own capabilities. For example, Ariane, a predomi-
nantly French rocket, has been billed by some potential
European users as a possible alternative to the Space
Shuttle for delivering satellites into orbit Although the
development of Ariane is somewhat behind schedule, the
long series of delays that plagued the Shuttle led the
International Telecommunications Satellite Organization
(Intelsat) to place orders for launching three satellites with

- Ariang instead of, with the Shuttle.

Several less developed countries are already profiting
from U.3. space activities, particularly in the communi-
cations and remote sensing arcas. Planning is in process
for the Second United Nations Conference on the Explo-
ration and Peaceful Uses of Outer Space (UNISPACE),
currently scheduled for 1982. The conference, the first
since 1968, will focus on the practical benefits of space
activities, particularly for the less developed countries
(SPACE).

Howeyer. the “'window from space™ provided by re-
motcfﬁzing and communications satellites is by no
means universally acclaimed. Indeed, the capzbilities,of |
those systems have led to demands—often strident—fgr a
“new world information order™ that could place seyere
limits on transborder information: fiow (AAAS-6). Yom-
niunicat.ons satellites that can beam programs directly to
home television receivers from distant locations are re-
garded by some countries as a violation of their national
sovereignty. In addition. remote sensing capabilitics are
perceived as being, at worst, a new kind of economic
espionage posing a threat to the exclusive control of a
nation over its own national resources—a focus of colo-
nial exploitation. At best, the capabilities of both com-
munications and remote sensing satellites raise difticdlt
questions about who holds proprietary rights to informa-
tion. and those questions are bound to be hotly debates

during the next 5 years (AAAS-~6; [A).

A final source of potential friction that may, however, be
casier to resolve is associated with the concern of several
of the more scientifically advanced third world countrics
that they are being preempted from implementing satellite
systems to serve their own domestic and regional needs
There are, of course. only a limited number of positions
avatlable for satellites in geosynchronous orbits, and at
present a relatively limited frequency band available for
satellite communications. Understandably, the less de-
veloped countries do not want to be completely dependent
on the good will of the industrialized countries for their
future communications needs. a situation that could ecsily
oweur tf available geusynchronous orbite and frequency
bands become rapidly saturated (SPACE, 1A) On the
other hand, it 15 likely that technological devclopments
will greatly increase the information-handling capacity of
an orbital slot, as well as the number of noninterfering
slots, s0 that there may well be no shortage of channel

Cicna#for 'gfrflpeuummm country and several
othSe1

erindustrialized countrics that are rapidly developing capacity in the future.
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_The United States has entered an cra of greatly en-
hanced capabilities for explonng and making use of the
potential of space. But, as 1n so many other areas. the
United States no longer c¢njoys undisputed dominance.
Other industnalized countries have developed their own
impressive, if still limited, capabilitiess Many less de-
veloped countries now understand both the potential ad-
vantage$ and the potential threats of sophisticated space

systems. The development of U.S. space policy through
the 1980s and beyond will have to recognize increasingly
the concerns of other countries, the common as well as the
divergent interests among countrics, the political and
financial advantages to be gained from carefully selected
cooperative ventures, and the potentially stimulating
cffects of international competition 1n civil applications.

1/
’

D. Health

Since the beginning of this century, great progress has
been made 1n improving the health status, quality of life,
and life expectancy of people 1n the United States and
throughout. the world. Figure 2 shows changes in life
expectancy 1n the United States since 1900. That progress
has com.e about through advances 1n sanitation conditions
and nutritional practices, through the control of such
infectious, diseases as smallpox, and through the early
diagnosis of disease and other improvements 1n the health
care delivery system. Morcover there are numerous 1n-
dications of further advances yet to come. The new re-
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combinant DNA technologies, for instance, are'!expccted
to aid the development of a wide variety of su;bsgances.
including new and more effective vaccines and drugs, and
perhaps will help in the control of genetic disorders. The
discovery of interferon and its effects on the human orga-
nism holds promise for improvements in the treatment of
viral infections and, maybe, cancer. Recent advances in
the neurosciences—such as the discoveries of additional
neurotransmitter substances and the. naturally occurring
painaillers, the endorphing—, .ve improved our under-

“standing of the functioning of the brain and may result in

great progress in the treatment of mental disorde:s
{NRC-2; NRC-14, NRC-17: HEALTH; ASTR-!I1). Ali of
these advances can be linked directly to biomedical sci-
ence and technology activities.

Some needed health improvements, however, depend
heavily on lifestyle and on environmental changes, which
advances in biomedical science and technology cannot
cffect alone. Such improvements will be facilitgted by a
broadened approach, merging biomedical, behavioral.
and environmental considerations (NRC-2). There also
appears to be an increasing need for the U.S. biomedical
community to address discases and conditions not typ-
ically considered problems for Americans. For example,
there are many tropical discases to which American mili-
tary personnel are exposed that will require increasing

ttention in order to counteract the severe toll those dis-
cases take on combat activitics. Those diseases include
malaria. scrub typhus, hepatitis, diarrheal discase, and
arbovirus infections (NS). These discases also pose se-
nious problems for people in the developing countries with
whom the United States will increasingly interact
(AAAS-7). In addition, the further development of un- |
conventional weapons will present new classes of injury,
the treatment of which will require the development of
new technologies (NS).

An overriding concern to Americans now and in the
years ahead is the escalating cost of the health delivery
system. Between 1967 and 1978, heilth costs, as meas-
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ured by the Consumer Price Index (CPI), rose about 120
percent compared with 95 percent for the overall CPI.
Although such other factors as labor costs need to be
vonsidered, one of the major mechanisms for slowing the
escalating costs of the nealth care system may he with
health research advances. For example, new cost-cfficient
technologies can reduce the need for labor-intensive serv-
1ces and can suggest more appropriate ways to use outpa-
tent-ambulatory facilities, although. & discussed below,
other technologies may raise health care costs. Advances
in medical research may also reduce the use of costly
surgical procedures and suggest less expensive forms of
medical care. Furthermore. research nto preventive ap-
proaches for some diseases could greatly reduce the need
“for costly primary health care services (NRC-2). Thus.
although advances 1n biomedical research and develop-
ment vannot control escalating health costs by them-
selves. they do present an opportunity for mitigating the
problem in the coming years.

This section considers a range of high-prionty heallh
needs and opportunitics requiring corsideration during
the next 5 years. They are (1) increasing emphasis on the
prevention of disease. (2) dealing with a shifting age
distribution 1n the American population, {3) dealing with
such addictive behaviors as alcoholism, drug abuse, and
cigarette smohing. (4) fostering the development and as-
sessment of health care technologies, and (5) development
of better and more cost-effective health care delivery
systems. Some constrarnts on accorplishing these goals
are considered at the end of the discussion.

FURTHERING THE PREVENTION OF ILLNESS

The contributions of basic biownedical research to the
prevention and containment of many illnesses have been
substantial. For example, while cardiovascular diseases
remain the number one killer in this country, the rate of
death from those illnesses has fallen by more than 30
percent since 1950. A variety of factors have played a part
in the rapid advance against heart disease, including more
effective drugs and procedures for repairing the heart and
diseased blood vessels. One major factor in the declining
mortality rate froni cardiovascular disorders appears to be
an ncrease n the use of preventive measures. Adult
Americans are ncreasingly heeding warnings about the
adverse effects of certain personal heotts, such as ciga-
rette smoking and high consumption of animal fats. al-
though there 15 evidence that the smoking rate 1n adoles
cents 15 ncreasing. Americans are becoming nore aware
of the dangers from high blood pressure. Additionally,
new and improved “methuds for treating hypertension,
including new drugs that are more ecffective and have
fewer side effects, are now being applied widely (NRC-2;
NRC-14).

Cancer, the most feared of the life-threatzaing diseases,
remains a major cause of death and debihitation in this

country. Approximately one person in four now living in
the Umited States will devefop some form of tancer in his
or her lifetime, and one in six will di¢ from this broad
class of diseases if present incidence and mortality rates
remain the same. However, some 30-40 percent of all
serious cancers are now being treated successfully, and
there is reason to believe that that rate will continue to
improve. In addition to treatment advances, there have
been some marhed advances in developing strategies for
minimizing the risk of develsping cancer Known risk
factors for cancer include a variety of environmental fac-
tors, such as tobacco smoke. radiation, and viruses, as
well as such other factors as attitudinal variables. genctic
predisposition, congenital defects. and aging (NRC-2)
Although great progress has been made ir: both the
treatment and the prevention of illness. remaining high
incivence and mortality rates indicate that addmonal
progress is still badly needed. It is widely .lz,rced “that
further progress in the treatment of disease will come
primarily from additional basic biomedical research
efforts into the causes and detailed courses of specific
disorders (NRC-2; NRC-14: HEALTH) Those rescarch
efforts will have to continue if methods of treating illness
are to be substantially improved in the coming ycars
Major opportunities also appear to lic in illness preven-
tion—although. of course, not all illness can be pre-
vented— and a variety of suggestions for maximizing the
probability of achieving those potential advances appears
in the Source Volumes (NRC-2; SSRC-2: NS; HEALTH)
Two related strategies meriting attention and action in the
next § years are: (1) improving the research base linking
behavior patterns and lifestyles with cancer, coronary, and
other diseases; and (2) incieasing fforts to motivate the
public to adopt healthter hfestyles and behaviors.

IMPROVING THE RESEARCH BASE LINKING BEHAVIOR
PATTERNS AND LIFESTYLES WITH CANCER. CORONARY,
AND OTHER DISEASES

Many medical problems, including seme of the most
common in modern society. such as heart disease and
cancer, appear to be influenced by social and behavioral
factors. The processes linking Ucitavior patterns to physi-
cal illness may be grouped into tiscee broad categories® (1)
direct psychophysiological effects, which ipvolve
changes in tissue function via phy'siological responses ta
such psychological and social inputs as stress. (2) habits
and lifestyles that are damaging to health, such as ciga-
refte smoking, excessive consumptiori of alcohol, and
peor dietary patterns, and (3) reactions to illness and the
sick zole, which may lead to a delay in secking medical
care or a failure to comply with treatment and rchabilita-
tion regimens (SSRC-2).

These categories include a broad range of factors gener-
ally acknowledged to be important in health and illness
However, convincing evidence about the specific causal

66




relationship between risk factors and heart discase. can-
cer, and other major causes of illness 1s lacking. There-
fore, rescarch efforts need to progress beyond their cur-
rent point of simply 1denufying correlations between
psychoSocial factors and physical illness toward the 1den-
L ufication of those causal relationships. Accordingly, an
/ important prionty for scientfic res.  -h will be to nte
: grate behavioral and biomedical knowledge n a mannes
that identifies the factors underlying the interplay between
. behavior, pathological processes. and bodily dysfunction
1o provide a base from which truly efiective treatment and
prevention techniques might be developed (SSRC-2).

MOTIVATING THE PUBLIC TO ADOPT HLEALTHILER
LIFESTYLES AND BEHAVIOR PATTERNS

Although the evidence is not yet complete. there are
s, ample indications that lifestyles and behavior paiterns are
critical elements in sustaining high levels of individual
health {NRC-2: SSRC-2; HEALTH). A related problem
for the health care enterprise then is: How can individuals
be better motivated to adopt healthier lifestyles and
- behaviors?

Various approaches have been used in the pdst. most of
which have taken the tactie of modifying or treating al-
ready established patterns of behavior Some of them are
(1) using social pressures and media campaigns to educate
groups of people;.(2; using individual treatment ap-
proaches, such a% behavior therapy and hypnosis. that can
condition individuals to change their deleterious life-

; stvles; and (3) using public health approaches gimed at
. labeling of dangerous products and warning the public in
other wiys of potential health hazards. Although these
approaches have been moderately successful, a different
kind of approach. one that attempts to dissuade people
from adopting those deleterious behavior patterns in the
first place. could also be productive Development of
those technigues, which might serve preventive rather
than simply treatment functions. requires a shift in re-
search focus toward acquiring a better understanding of
the factors encouraging health-impairing habits, and not
just a focus on technigues to modify them once they have
been acquired (SSRC-2).

e

DEALING WITH A SHIFTING AGE
DISTRIBUTION

There have been ingjor changes in the demugraphic profile
ot the U.S. pupulatiun over the past decades. The changes
have stemmed both from ¢ sharp sncrease n birth rates
after 1947, with a sharper dechne after 1957, and from
increased lifespans for vlder Americans. Of particular
importance to the health ficld are the changes in age and
sex characteristies of the population. The number of per
sons aged 65 and above, for example. 1s now projected to
increase by nearly 50 pereent before the end of the 20th
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century. Marked differences in male and female mortality .
rates will also create different lifestyles and health needs i
for men and women. For examplc, under present condi-

tions, a newborn American female can expect to live 9

years longer than a newborn male (NRC-1, NRC-2).

Continued changes in the age. sex profiles of the popula-
tion will require both individual and societal flexibility,in
anticipating national health care needs. On the one hand,
more people will be unwilling to retire at relatively early
ages, since their capabilities for productive work are
likely to remain high longer into their lifetimes. On the
other hand, more people will have to be concerned with
supporting and caring for an elderly parent. and the num-
ber of people in nursing homes and intermediary care N
facilities will increase. There also will be increased pres-
sure on the working population to provide for the needs of
the elderly (NRC-I). These changes will demand both -
individual and socictal adjustments.

Changes 1n the age and sex pronles of the population
have, similarly, placed new demands on science and tech-
nology to increase knowledge about the aging process and
about health needs and health care appropnate for that?
population. Additional research emphasis on problems of
aging people wil! be needed during the next 5 years to
cnable the United States both to deal with and to take full
advantage of the potential 1n 1ts aging population. Science
and technology can affect problems associated with an
aging population 1n many ways, two of which are dis-"
cussed below. One 15 by increasing the functional capaci-
ues @i the elderly. and the other 1s by assessing and
redesigning health services to meet the needs of the aged
more cffectively. '

INCREASING THE. FUNCTIONAL CAPACITY OF THL
ELDERLY

People reaching the age of 65 today are more educated,
healthy, and cconomically secure than ever before, and
their capacity for itelle..tual and physical performance
continues to nise. However, in the face of the prujected
demographie changes noted above, the potential for even
further development and expansion of the guality and
productiveness of their'lives needs to be further explored.
That is partly due to a relative lack of knowledge about the
true functional capabilitigs of that population, about their )
health care needs, and about the form of appropriate
health services suited to sustaining longer, healthier. and
more productive lives. Two Kinds of factors will require
particular attention if the functional capacity of the agedis
to be increased. One set of factors is related to the de
bilitating effects of both discase _and its treatment. For
example, although some marked progress has been made
in treating such disorders as arthritis, the senile derhen
tias, diabetes, and atherosclervsis and other cardiovascu
lar disorders. there is still a long way to go before the
debilitating effects of those and other diseases are con

o
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trolled. That will require contiaued and concerted re-
search into the causes and coursés of the diseases that af
flict the eiderly (NRC-Obs.. NRC-2, HEALTH).

There is also increasing evidence to show that in older
people the body handles drugs differently than it does in
younger people Since the elderly often suffer from multi-
ple chronic diseascs and, thercfore. follow complicated
drug regimens, they are unusually susceptible to the un
toward and debiltating effects of drug interactions
Therefore, additional information will be need=d about
drug metabolism and drug interactions in the elderly so
that less debilitating and less dangerous dmp, ~gimens
can be instituted.’

The second set of fuctors reducing the functional capac
ity of the elderly is concerned with social and behavioral
patterns  Lifesty les and behavior patterns have long been
suggested to affect longevity ard health in later life
However. there is not yet a clear understanding of that
relationship. In addition, there is increasing evidence that
nursing practices can significantly affect the functional
capacity of the elderly (SSRC ). Furthermore, the social
stresses to which the elderly are subjected. such as
changes in famuly circumstances and in their economic
status. van have majur debilitating effects Although some
progress has been made in counteracting these stresses.’
additional efforts will be needed in the coming years

ASSLSSING AND REDLSIGNING HEALTH AND SOCIAL
SERVICES TO ACCOMMODATL THE HEALTH NEEDS Of
THE AGED

Public health worhers and phy sictans agree that care of the
eldesly should be designed to maintain the functional and
suctal independence of people as much as possible Possi
ble strategies for approaching that goal include (1 provid
ing for better detection of emerging illnesses before they
advance and the provision of assistance prior to the de
cline of functioning. (2) improving health care facilities te
deter further institutionalization and nhance the ability of
people ty return tu community living. and (?) increasing
the availability of intensive services to treat and rehabili
tate the clderly ard chronically ill so that they may mair.
tain the highest possible level of functioning (NRC 1.
SSRCH;.

Science and technology can play an important rele in
all three strategies. Through improving methods for iden
tifying high-risK cases and through preadmission cer
nfication services, alternative living and health care
arrangements may be provided to litnit unnccessary in
stitutionalization. Through rescarch advances. the qualie:
of care provided in ontpatient units, nursing homes. and
intermediate care faci! “‘es may be enhanced. Similarly.
advances m medicine are icading to higher quality and
more appropriate care for the chromcally and acutely ill.

New drugs. for instance, may permit sigmifteant numbers
of patients to be shifted from surgical to medical ¢ pre and
from 1nstitutions to community settings (SSRC—Q

v

DEALING WITH THE PROBLEMS OF .»\I)D.lg'iON

Substance, abuse 1s v of the health problems causing
greatest coneern 1n recent years. Alcoholism, drug abuse,
and uigarette smohing have all been related to buth a wide
variety of discases and numerous social problems
(HEALTH, Outluok {). For.exampic. of all of the vppor-
tumties for preventing such discases as caneer and ar-
tenosclerusts, vne of the must iImpurtant s the reduction
of ugarette smoking (Ourlovk ). However while more
than 30 million Amencans have stopped smoking sinee
the Surgeon General's Report, Smoking und Health, was
publlahul i 1964, there are sull uver 50 million ssmohers
i ihe United States today (SSRC-2). Furthermore. sniok-
mgrate have been nsing more rapidly among adolescents
than 1 any uther segment of the pupulation, and. there-
fore. reduction in thus habit must be g citival focus of
efforts if we are tu be suceessful at all in slowing the vnset
of life-threatening discases.

Alcohol and drug-related addictions remarn Major
problems for Amerian suerety. Although there s nu
aveurate estimate of the total inaidence ot prevalence of
aleohol abuse, 1t has been estimated that over 10 million
Amencan adults are ather alewholies ar problem dnnL
¢rs. Thatis roughly 7 pereent of the pupulation 18 years of
age or ulder. Althuugh the aumber of heron addicts g
estimated to have dropped below une half million by
1980. the abusc and misuse of miost other psychoactive
drugs appear to be nsing. In cconumic terms, the costs of
alcoho! and drug abuse have been very bigh. They were
estimated in 1975 at $43 billion for alcohol abuse and .S10
bilhion fur drug abuse. and they seem to have been escalat
ing since then.” There are alsu the widely achnuwledged
soctal problems the addictive behaviors present.

Stience and technulogy can help with the problems of
addiction in g v.mc.ty of general ways. by determining the
neutal and physiolugicdl bases of addiction and aadictive
behaviors, by nereasing understanding of the barriers to
hanging behavior, by increasing understandsng of the
causal relationships between addictive bohaviors and il
ness. and by better understanding the relationship be-
tween childreanng practices and the presence of addictive
behaviors later n life (SSRC-2. HEALTH). Two fre-

uently cited kinds of actions that can be taken to facilitate
(}10 apphication of scicnuiie and technologs.al advances to
the problems of addictive behaviors are. (1) increasing the
knowledge base about the causes of addictive behaviors,
so that more cffective prevention and treatment regamens
can be developed, and 12) ncreasing efforts to translate

" basie behavioral research findings into bromedical prac

nce (SSRC-2. HEALTH. Outlook 1)

INCRLASING THEL RNOWLEDGE BASE ABOUT THEL CALSLS
OF ADDICTION

Any atempts to increase cfforts cither to present the
development of or to contrul addiction once developed
will have to be based on mfurmation about ity causes
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~
Therefore. f substgntial progress 15 v be made n the
conyng years in combating drug and substance abuse
prublems, ncreased research efforts nto the causative
factors will be necded. Much has already been learned in
that area, and much 1s current}y being studied. Major
efforts are now under way concerned with cigarette smok-
ing, thuse effurts should further vur understanding of the
phystvlugical and psSuhulugn.dl causes and basie mecha-
nisms of nicotine dependence and withdrawal and should.

therefure. increase the effectiveness of treatment of that

»
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public health problem. Studies alsv dare vnguing or
planned to understand better buth the physivlogieal and
the psychological consequences of marijuana use in adv-
lescents, Rescarch un genetie predispdsitions and other
biumedical facturs appears to offer the first prospects fur
advanuing hnowledge of, the causes of alcoholism
(HEALTH). However, much additional research wilt 8e
needed befure ulumate solutions to addiciion problems
will emerge (HEALTH, SSRC-2).

td
INCREASING EFFORTS TO TRANSLATE BASIC

. BEHAVIURAL RESEARCH FINDINGS.INTU BIOMEDICAL

PRACTICE .

2

The general problem of transferring basic scientific find-
ings into practical use is discussed eisewhere in this re-
port. However, there are some problems particular to
behavioral approaches to the geatment of addictive be-
haviors that sfiould be highlighted here, since the incor-
poration of behavioral treatments into practice has been at
a slower pace than has been the acceptance of innovative
biomedical advances. One reason for the slow pace of
incorporation of behavioral approaches may be a lack of
convincing evaluation data to document the effectiveness
of the various innovative approaches. A sccond may be g
simple lack of systematic communication between be-
havioral and biomedical scientists. Therefore, there is a

need to determine more conclusively exactly which be- -

havioral approaches are effective and which are not and.
then, a need to improve the processes by which such
information is disseminated to both health practitioners
and the general public {SSRC-2).

FOSTERING THE DEVELOPMENT AND
ASSESSMENT OF HEALTH CARE
TECHNOLOGIES

As the size and sigmificance of the Federal research effort
have capanded, there has been increased coneern about
ubtaiming the greatest pussible return from government-
spunsured rescarch. Of the $6.9 billivn spent on health
research in 1979, 62 pereent, or $4.3 billion, was spent by
Federal agencies, and, of that amount, approximately 80
pereent wus provided by the Department of Health and
Human Services (HHS).* Recugnizing that research and
develupment frequently provide results that are useful

\
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beyond the original intent, there is a growing cffort in
Federal agencies to seeh spinoff applications. to assess.the
relative benefits and costs of new tectinologies, and ¢o
disseminate technology Treqted with Eeddral funding for
use by others (ASTR-I1).

A variety of problems and constraints associated with
.the use of new health technologies will have to be consid-
ered during the 1980s. For example, it obvicusly is impos-
sible to implement all new technologies. Therefore.
choices among the many opportunities and among various

. alternatives for achieving the same goal will have to be
made. Questions must be asked about the costs, as well as
the benefits, of those new technologies Although many
new technologies are cost-eftective. others may not be In
addition, the high costs of certain technologies, such as
the new ?canning technologies. gaise questions as to how
those technologies might best be dispersed to, serve the
broadest possible range of patients. Finally. there may
prove to be a need, in some cases, to control the rate of
adoption of emerging technologies as their bencefits and
costs are carefully assessed. Decisions on those issucs,
like most policy decisions, are. of course. frequently
based on more than scientific grounds (see Section I-E).

Prior 10 1977. there:vas no formal n..chanism at the
Federal level for coordinating and conducting assess-
ments of new or existing health care technologies. with the
exception of the Food and Drug Administration’s (FDA)
programs related to pharmaceuticals. However. the as-
sessment and dissemination of medical technology have
accelerated rapidly in the last few years. For example. the
Office of Medical Applications of Research (OMAR) was
established in the Nationa! Institutes of Health (NIH) in
i977. OMAR, with the support of the National Library of
Medicine (NLM), now serves as the focal point of a
Federal-level strategy to assess the cfficacy and safety of
new health technologies and to aid the transfer of th
results of those assessments to both practitioners and the
general public (HEALTH: ASTR-I11).

As an example of what has been done to achieve agree-
ment about the efficacy of a new or emerging technology,
OMAR emphasizes a process that involves the identifica-
tion and selection of a broad range of health experts
invited to participate in working groubs. Broad and open
parti.ipation.is encouraged in the conduct of such assess-
me its. Results from the assessments are then passed to the
medical and scientific communities and to health planning
and health delivery organizations (HEALTH) However.
in spite of those programs and the progress made to date,
seyeral problems remain surrounding the development of
strategies for transferring basic research knowledge into
practice or technological development most effectively
and, then, for assessing thos¢ new technologies Science
and technology efforts can be usefu! in both regards
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DISSEMINATING R&.SLARCH FINDINGS LEADING TU
TECHNOLOGICAL ADOPTION

.The dissemination of research findings with potential
usctulness for the development of new and emerging
technologies traditionally has not been well coordinated

(See Section 1-C). lq the health area, increased Federal ,

efforts have been begun during the past few years, under
such auspices as the Lister Hill National Center for Bio-

~medical Communications and the National Library of

Medicine. to improve mechamsms for tranferring basic
Jesearch knowledge mnto practice. Those are beginmings.
‘but addinonal efforts will be needed to provide truly
effective dissemination of such findings n the coming
years (HEALTH).

An example of an innovative transfer mechanism in
operation 1s the *"Knowledge Base Program™ at the Lister
Hill Center. ;Through this computer-based program.
iknowledge is synthesized in a particular subject for use by
a specified audience, such as those interested in a certain
new technology. A prototype of the system. applied to the
field of viral hepatitis. was estabhshed n 1977 and has
been sul',)sequently refined. Similar efforts might be imu-
ated forithe transfer of basic reséarch knowledz,e 1n arcas
underlying application of emerging health technologies
throughout the Federal and State Governments.

IMPROVING THE ASSESSMENT AND REGULATION OF NLEW
TECHNOLOGIES

. ]
With the advent of more and more sophisticated tech-
nologies to meet specific needs, the possibility of misuse
also increases. In an effort to control the use of costly and.
at times, appropriate medical technology, various gov-
ernment regulations have been enacted to protect individ-
uals and vontain the costs of care. Federal regulatory
activities, however, have often failed to give the regulators
a clear mandate with workable goals (Outlovk 1), Further-
ore. when billions of dollars hang on compliance deci-
stons. Intense controversy and delays are mevitable.
There 1s a need, therefore, to improve the provess of
regulating healih care technologies.

Sctentifte research can be useful both in assessing the
Losts and benefits of regulations and 1n curtatling or en-
couraging the use of new technologies (Scetion I-E). One
problem n applying regulations with respect to costs 15
that current estimates are almost inevitably based on the
costs of existing technology. Such estimates tend fo over-
state thuse costs. The longer range rishs. tov. are some-
umes etther under or vver estimated. Through improved
melhods of Lust projection and the use of an expand.d
base of experience. such estimates vould be greatly refined
(AAAS-S, see alsu Sectivn_IZE). Therefure. a greater

effort 15 needed to improve the coordination uf research
¢
i

.

findings 1n both the development and the control of health
technologies over the next 5 years.

Increased efforts to assess the relative costs and benefits
of new and emerging technologics also will be needed,
both to ensure wider application of cost-efficient tech-
nologies by the private and public health sectors and to
control the adoption of those technologies that are costly
and orly marginally effective. Many of tiic new tech-
nologies do promise to contribute to cost containment
over time and to improve the quality of cart offered
Americans. However. only through careful assessment of
the costs and benefits of those technologies can ‘ln effec-
tive policy for their adoption be developed (HbALTH)

.

|
.ENSURING ADEQUATE AND APPROPRIAT’[;

HEALTH SERYICE DELIVERY TO ALL
AMERICANS f

Economic constraints make it especially impo/rtant that
avaiiable health resources be used as efficiently as possi-
ble. A key consideration in ensuring the avdilability of
adequate and appropriate health services to/all citizens
continues to be the improved access to appfopriate serv-
ices for those persons who traditionalty haye been under
served. Among those groups are Black Americans. the
Spanish-heritage population. Asian or Pycific Islanders.
American Indians and Alaskan natives. sural Ampericans.
the elderly. and low-income groups. W'?IIL var/]us popu:
lation subsets have both umquc attributes "d certain
comnion points regarding health s}atus. soine cthnic
groups are generally not as health) and do not Tive as long
as do other groups of Americans.

. Severdl alternate types of healtl} care delivery systems
that now exist. or arc in the prougss of being developed.
offer increased access and more sppropriate health caré to
underserved pooulations. The xﬁmst prevalent of those
dehivery services is the Health Maintenance Organization
(HMO). As of 1978, 199 HMOs were providing health
care to more than 7 million Americans. While there are
various types of HMOs. the most predominant is the
Prepaid Group Practice. Under that model. the families or
individuals enrolled agree to pay a set monthly premium
to the HMO. whethier or not they need medical care In
many vases, the monthly premium 1s paid by the employer
or by the government. The staff of the HMO is thus
motivated. at least in theory, to heep people healthy ang
reduce unnecessary utilization of ervices

Other health care programs aimed at underserved popu-
lations include community health centers, maternal and
child health services. aleohol and drug Jbuse centers. and
migrant health programs In addition. the Indian Heaith,
Service provides 4 full range of preveptsve. primary medi-

cdl, community health. and rehabilitatine services to
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Indtans and Alaskan natives hiving on reservations. The
network includes 51 hospitals, 99 health LCNLCTs, and
more than 300 health stations and satellite ficld health
clinics.* '

There 15 a need for systematic evaluations of existing
programs vver the next 5 years tu provide a basis for
adapting or redestgning health care services to meet the
needs of all Amenicans. It 15 necessary to know 1f partici-
pants 1n government-spongured progranis receive health
care equal 20 tha} recenved by other Americans. and
whether health service agencies wvan be modified to
provide for preventive health services to participants.
Assessments of the relative ments of vanous delivery
mode... for the provision of care to selected populations
are also needed. ”

CONSTRAINTS ON ADVANCES IN THE HEALTH
AREA

The preceding discussion and thuse in the appended
Source Volumes highlight & large number of carrent and
emerging vpportunities for science ond technology to
have significant positive impacts on nativnal health prob-
lems. The ability of the saience and technology enterprise
to exploit fully thuse opportunities will depend on a
number of policy decisions to be made iy the next few
years. Most of the sssues about which those,decisions will
have to be made are genenie to all areas of suience and
technology. they Bncern such factors as finanaial re
sources. instrumentation. and informatfon transfer. Two
types of constraints un exploiting upportunities for im
proving the health of the American public are worth
mentiontng explicitly. (1) human resource limitations. and
(2) effects of regulations on biomedical rescarch.

In the case of human resource Iimitations. there re-
mains the perenntal problem of the geographic distribu
tion of physicians. Additionally. there currently s o
decrease in the number of.young physicians entering
careers An academic medicine. which will present prub-
lems 1n the longer term. Whereas. m the past. more than

one third of medical students aspired to g carecr as Jini
cian-teacher-investigator. that fraction has now dimin
ished signtficantly It 1s evident 1in terms of both the
number of vacancies on medical school faculties and the
number of applications for rescarch support received by
government agenctes from persons with M.D. degrees
Although the causcs of that trend are not well understoud.
it has serious imphations.” Much of the progress in
mediine dunng the past decade has vonie from acadumin
physiaans. Therefore. reversing that trend will be an
important priority for the conung years if we are turealize
the full potential for improved health presented by scien
tific and technological activities (NRC Obs. ).

Federal regulations impuse a second mayur constraint
on health-related scientific and technological activities.
Whereas in many cases regulations are imposed on the
products of research and development. regulations in the
health area are frequently imposed on the scientific ac-
tivities themselves (Stction I-E). There is no disagree-
meat that some control should be placed un health-related
science and technology activities. Clearly. no individudl
should be subjected to undue harm. whether physical or
psychological. as a result of biomedical research. what
ever the potential benefits to be derised by society.
However applying thuse regulations in specitic cases to
deternune. for example. what constitutes unduc harm, or
undue harm relative to g certain anticipated benefit. s
often exceedingly difficult. Moreover. there s ¢ growing
belief that some regulations of bivmedical research have
been unduly restrictive and have unnecessanly hampered
health-related scientific and technological progress. That
concern. and the discussion surrounding it, led to revi-
stons in the pwdelines for recombinant DNA rescarch in
November 1980 aild to revistons in the regulations for the
protection of haman and animal subjects 1 research sup-
ported by the Depertment of Health and Human Services
n January 1981, Continued discussion ana evaluation of
the regulations controlling those research activitics will be
neceded to ensure maximal use of the potential froni bio
medical research in the coming years
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E. Energy

The United States developed economically in an environ-
ment that included secure. readily available, and rela-
tively incxpensive energy supplies. With t~e petrolenm
embargo of 1973 and the subsequent rapid increase in the
cost of imported petroleum, there has been*a growing
national awareness of the economic and national security
implications of our dependence upon imported energy
supplies. In the first féw years after 1973, U.S. energy
policy focused heavily on Federal intervention in the
market and attempted to proiect U.S. consumers from the
reality of world petroleum prices. One adverse con-
sequence of this policy was to discourage thg long-term
private sector investments in research and development
necessary to increase domestic petrolcum and natural gas
production and to develop viable alternative energy
sources that will inevitably be needed when world pe-
troleuni production begins to dectine

This Admimistration’s energy policy is an integral part
of the President’s comprehensive Program for Economic
Recovery. It is based on the conviction that, with regard to
the development of energy sources, the collective judg-
ment of properly motivated technical innovators, busi-
nessmen, and consumers 1s generally superior to any form
of centralized programming. Hence, Federal investments
will be made only 1n long-term research with high risks
and petennially high payoffs. In general, the Federal Gov-
ernment will no longer assume resp)onsibiht) for aceeler-
ating the development of newer, technologies. Addi-
tionally, public funds will not /f)e used to subsidize

domestic energy product.on or conservation on the

grounds that such actions lead to little additional security,
and, on the contrary, divert capital. workers, and imtiative
from uses that contribute more to society and to the
ewonomy. Hence. this policy 1s designed to meet the
challenge of providing a healthy economic and policy
environment 1 which rational energy pivduction and
consumption decisions <an be made that reflect the true
value of the Nation’s resources.

The power of the free market 1 alleviating short-term
energy shortages 1s suggested by the fact that the growth
i energy consumption 1n the United States, and of o1l and
transportation fuels 1n particular, 15 moderating signifi
cantly as conservation measures brought on by higher
prices begin to take effect (tFigure 3). Worldwide modera-
uon 1 petroleum demand has also led to a glut on the
internativnal market and thus tu & temporary stabithzanor,
of crude oil prices.

Forecasts of energy demand growth vary considerably,
depending on ecunomice and technulogical assumptions,
on the assumed mix of future energy sources, and on
projectea pnice trends. Significantly, however, mostrecent
forecasts project consideradbly smaller growth in U S.
energy consumption than carlier forecasts.’ In particular,
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forécasts released by the Department of Energy (DOE)
early n 1981 predict that U.S. energy conslimption will
increase atonly slightly more than | percent per year from
1979 10 1990, well below the 2 percent growth rate fore-
cast in 1979 (Figure 4). Petroleum. which provided 43
percent of U.S. energy needs in 1979, would provide only
35 percent by 1990. Coal use would increase from 1910 27
percent of total energy use. with smaller increases in
nuclear power and renewable resources. By 1990. con-
servation would permit overall energy use in the residen-
tial and commercial sectors to remain at about their
present levels. Additionally. the use of energy for
transportation is expected to decline significantly by 1990.
permitting appreciable increases in energy use—and thus
~ubstantially increased cconomic actitity —in an in-
creasingly energy-efficient industrial sector (ENERGY).
Ia short, the United States has aiready started to-experi-
ence a major transition away from the use of readily
explontable, but depletable energy sources The moder-
ated demand for energy should provide sufficient time to
resulve the longer term problem of assuring that adequate
energy supplies are available in the future when petroleum
supplies throughout the world are so far depleted and,
thus, 5o custly that they Lan at best satisfy an insignificant
fraction of the U.S. —and world—energy demand
Some analysts belie.c that world petroleum production
has already reached its highest levels, though others dis-
agree. There 15, however, reasonable consensus that world
production will almost certeinly plateau if not peak by the
year 2000. By that time, deinand for petroleum elsewhere
than in the United States  particularly among the middle
tier countries of the third world 15 expected to have risen
sharply, resulting ir. increased competition and higher
<
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prices for supplies that are at best stable.” Thus by the turn
of the century, hqud fuels used i the United States will
most likely have to be derived from domestically pro-
duced petroleum, unconventivnal reserves of hydrocar-
bons (1.¢., compounds uf carbons and hydrogen) such as
oil shale, heavy uils, and tar sands, and fuels made from
codl and, to 4 lesser extent, from peat and agricultural
products (NRC. 15). Since liquid fuels from all these
sour..es will be costly, their use will by then have to be
restricted primanly to the transportation sector and to o
few other situations where economie or environmental
constderations make the use of alternatives 1mpractical

(ENERGY). Sometime during the 2lst century, when

petroleum and tlater) natural gas dare no longer available at
any price, the United States will have to begin to rely
almost completely vn sume mix of unconventional hy dro-
carbons, coal, nuclear fuels and renewable sources -
principally direct solar energy —to satisfy its energ)
needs.

The mix of energy sourdes used 1n the United States
during near and more distant future decades and the
pereentage that each source contributes to total energy
consumption will depend vn a number of related factors,
incduding dumestic and international demand, avatlability
of conventional and uncunventional hydrocarbon., rela-
tive end-use prices of vanious available alternatives, and.
uf course, available technulugy. Constderable technolug-

)

cal development will continue to be needed to exploit
available energy options even in the near-term future, and
a good deal of scientific research that will be needed as a
basis for those developments has yet to be carried out.
Thus, the public and the private sector have initiated a
range of suientific and technological programs aimed at
helping to ensure adequate energy supplies in the future
(ENERGY).

Some analysts believe that the few years during which a
large Federal energy effort has existed have seen o marked
shift.away from the long-term scientific research needed
to undergird future developments toward short-term re-
sults that could lead to rapid and, perhaps. premature
commercializaton. Given uncertainties about the types
and mix of energy sources that will be economically and
technologically viable 1n the distant future, the desir
ability of conducting research aimed at a wide range of
possible high-payoff alternatives, is almost self evident.
Otherwise, the United States could become locked into
relying on a narrow set of options that could ultimately
prove not to be viable. For this reason, Federal support
during the next 5 years will fmus on truly long-term.
potentially high payoff scientific ;Lscarch (ENERGY)

The situation regarding advanced development it con
siderably different than for long-range research In ‘the
past the Federal Government subsidized a wide range of
technological developments. The Reagan Administia
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ton’s policy proveeds from the assumption that the marhet
15 best surted 1o sort out most development options, and
that Federal support should be limited to those potentially
high-payoff options where the private sector 1s as yet
unable to invest sufficient development funds. Thus,
many potentially promising programs that previously re
cerved Federal subsidies have been curtailed or discon-
tinued, and additional reductions in Federal development
support during the next 5 years are hkely (NRC-I4,
ENERGY).

Some of the major contributions that energy-related
science and technology programs in the public and private
sectors are expected to make during the next 5 years. and
some of the problems associated with those programs. are
highlighted below. '

Ot AND NATURAL GAS PRODUCTION

Until economically competitive fuel sources are de-
veloped to supplement dechining domestic reserves, ex-
ploration for new petroleum and natural gas resources
accessible to the United States and the development of
methods to enhance the recovery of oil and gas from
known sources must be pursued. Administration actions
to decontrol -oil prices and to stimulate the investment
climate through regulatory and tax reforms are expected to
provide the necessary market conditions for these ac-
tivitics (ENERGY).

PETROLEUM PRODUCTION

Petroleum production in the United States has recently
stabilized. If the United States were to sustain present
levels of oil production. approximately 4 billion addi
tivnal barrels would have to be located annually However.
there was only one year since 1950 during which more
than 3 billion barrels of reserves were discovered There is
wonsiderable disagreement about the probability of dis
wovering new large or giant oil fields, but little disagree-
ment about the fact that if such basins exist they are most
likely to be in locations with harsh environments that will
make exploration and commercial/development difficult
and expensive. For example. although the Outer
Continental Shelf i the Alaskan north slope is a key
lucation where largt ficlds are being sought, envirunmen
tal coneerns and operating difficuities have slowed explo-
ratron and development and rassed costs. Ocean beds alsu
wonstitute another important potential source of pe-
truleum. Durning the next S years, industry 1> expected to
improve the technolugy for offshore exploration and drill
ing uperations to minimize the chances for spillages.
blowouts, luss-ot-well control, fires, or uther vecurrences
that may damage the environment or endanger hic
{ENERGY).

!
i
Advanced enhanced recovery techniques could lead to
increased commercial production of petroleum from
known domestic reserves. While the technological mech-
amsms of several enhanced recovery techniques are well
understood. it is as yet difficult to predict whether they
will be worhable or profitable in any given reservoir.
During the nteat 5 years, field tests, supported by laborato-
ry investigations, will be carried out by industry in an
attempt to improve these techniques. These tests should
also permiit a better assessment of both the economics and
the environmental impacts of enhanced recovery
(ENERGY).

NATURAL GAS

The Departraent of Energy estimates that domestic levels
of natural gas from known. presently proven sourcesin the
lower 48 States can be maintained ouly through the pres-
ent decade. Deep well recovery could, however, sustain
production levels well beyond that date. The prospects for
discovering new reserves and exploiting known. uncon-
ventional reserves of domestic natural gas are considered
good, and supplies from the lower 48 States can be aug-
mented by Alaskan, Canadian, and Mexican reserves.
Thus, while available and potential natural gasfsupplics
are finte, they are not likely to be depleted as rapidly as
oil—and could therefore serve as a substitute in some
applications (ENERGY).

Since cbnsiderable natural gas reserves exist outside of
North America, means for facilitating transoceanic ship-
ment are also being studied. One possibility under active
consideration would be to convert natural gas to meth-
anol, which remains a liquid under normal temperatures
and pressures. Another somewhat more controversial op-
tion would be to transport natural gas as a compressed,
refrigerated liquid. Unfortunately, hiquefied natural gas 1s
highly flammable. The Department of Transportation has
recently 1ssued safety regulations for the transportation of
hyuefied natural gas that could mitigate this safety prob-
lem. However, the commeraal feastbility of importing
natural gas n any form s likely to depend primarily
upun pricing decisions made by exporting countries
(ENERGY).

UNCONVENTIONAL SOURCES OF OIL

Although the world’s cconomically recoverable sources of
petroleum are being depleted. the existence of vastuncon-
ventional sourcey has been known for some tirae. and
more of these sources might well be discovered Presently
wentificd unconventional sourees include grant deposits
of heavy uvils and tar sands in Canada. Venezuela, and in
the U.S.S.R , and sumew hat smaller though still consid-
erable heavy oil gnd tar sand deposits in the United States
and Madagescar, These deposits have not béen eaploited
because the price of petroleum has heretofore precluded
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_making the large investments required to mine and pro-
duce usable fue.s from them. For the same reason, sys-
tematic exploration for other similar deposits has pro-
ceeded slowly. During the past few years, an effort to
commercialize production from the Canadian deposits has
begun. Given projected increases in the price of pe-
troleum, some experts believe that fuels denved from
these.unconventional sources could begin to penetrate the
market in the early 1990s.?

Ol shale appears to be the most promising unconven-
twnal source for the United States 1n the next decades,
primarily because plans tu proceed with commercialized
mining and production have already been announced.
Virtually all the readily exploitable U.S. o1l shale deposits
are located 1n the Green River formation 1n a small area at
the juncture of Culorado. Utah, and Wyoming. Commey-
cial exploitation of shale resources located 1n Tennessee
and Kentucky 15 more problematic.

When heated to 4 sufficiently high temperature, well
over 50 percent of the organie material from the Green
River shales 15 recoverable as crude ol or gas. The resul-
tant hydro«.arbon-wntmrﬁmg material can then be pro-
vessed to remove residual sulfur, mtrogen, and arsenic
compounds and upgraded shghtly to serve as a source
from which more traditional hyuid fuels can be refined.
All phases uf the process from numing through the produe-
tion of upgraded crude o1l have been carried through the
large pilot plant stage. and current economics suggest
commercial viabihity of existing first generation pru-
cesses. Mining and the disposal of solids represent o
myjoriraction of the cost of extracting vil from shale, and
are also sources of environmental probiems. Additionally,
water required for nuning, production, upgrading. and
revegetation of surface mined areas vould severely hmit
pruduction capacities. However. process improvements in
seeond- and third-generation commercial vpeiations that
van enhance production ¢fficiencies. reduce environmen-
tal problems, and use water more effectively seem possi-
ble (NRC-15).

COAL AND COAL DERIVATIVES

There 1s widespread (thuugh not quite universal) agrec-
ment that for the remainder of the century thzre are vnly
three available alternatives to burning petroleum products
and natural gaz. to provide signuicant amounts ef energy
(1) burning fuels derived from unconventional hydrocar-
buns, 12) burning coal ur synthetic fuels made from coal,
and (3) producing electricity and {perhaps) mdustiial
process heat from nuddear fission. Liguid fuels produced
from peat and plant products could provide a significant
supplement 16 sumic lumited applications 0 agnicoiture,
fur example. Other alternatave energy sources-—direct
sular production of electniuty, advanced nuclear fission
and fusion systems-—may be options for the longer term
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future. 1?ydro, geothermal, wind. and ocean thermal
sources could also provide limited though useful supple-
ments in some parts of the country.

\

DIRECT COAL USE

The United States has vast known coal resources that
compose approximately 30 percent of the world's total.
with the overwhelming bulk of remaining known world
reserves located in Australia, the Soviet Union. and the
People’s Republic of China. Coal was once the preferred
fuel source in this country, and at onc time was used to
produce 45 percent of its electricity However, during the
1940s, economic, environmental safety, transportation.
extraction and processing advantages of petroleum and
natural gas led to its replacement. All of these factors.
with the exception of the direct economic factor. still
present significant obstacles to the expanded use of coal—
either its direct use as a source of electricity or industrial
process heat, or its use as the basis for a synthetic fuels
industry. Because of these constraints. present ca-
pabilitics for mining and burning coal are not being used
to full capac1ty, a fact that has kept down the price of coal
and worked as a disincentive to its further exploitation *
Even though coal use is expected to expand considerably
beginning about the middle of this decade, production
capabilities are not expected to be used fully until the
1990s (NRC-15; ENERGY: ASTR-1I: ASTR-III).

While the country’s coal reserves are vast, not all of it
can be strip mined, and there are various health and safety
problems associated with underground mining It should
be possible to reduce these risks by the continued intro-
Juction of new technologies such as longwall mining
These technologies can also improve the efficiency of coal
extraction. Meanwhile, rescarch that should provide a
better understanding about lung discases common among
miners is being pursued. Ultimately, this research should
lead to improvements in prevention and cure. though no
drastic advances are anticipated during the next 5 years
(ENERGY). While many experts.believe that health and
safety risks to miners can be reduced substantially, few. if
any, would claim that they can be eliminated completely.
For this reason, promising automated underground min-
ing technrologies that are also bemng devejoped in the
United Kingdom and West Germany are viewed with
increased nterest by the U.S. coal industry and vould
begin to receive major tests 1n this vountry duning the next
» years (NRC-14).

Environmental problemns assoctated with coal include
damage to land from strip numing (particularly in the
semi arid Western States where a great deal of U.S. sup
plies are located). sulid waste dispusal problemis, water,
availability, and atmuspheric pullution from barning cual
and frum processes fur its conversion to synthetic fuels.
Efforts tw dedl with some of these prublems are high
lighted in Section I1-G.
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Conversion from o1l and natural gas to coal as a source
of electricity or industrial process heat would be facili-
tated by technologies that burn coal more efficiently and
leave behind fewer solid and gascous wastes. Fluidized-
bed combustion, in which coal mixed with limestone (to
absorb sulfur) is burned while being suspended by com-
pressed air above the floor of the furnace, is practically a
commercial option today. In this process coal is burned at
a substantially lower temperature than in conventional
combustion systems; thus reducing considerably the
emission of oxides of nitrogen. Promising research into
the physical and chemical processes occurring in coal
combustion should permit considerable improvements in
the” fluidized-bed process after commercialization Re-
search of this type is also expected to facilitate the de-
velopment and commercialization of other advanced coal
burning systems (ENERGY).

SYNTHETIC FUELS

The capitalization costs for new synthetic fucls industries
will be enormous. Thus. the rate at which synthetic fucl
production from coal penetrates the market will depend
critically uppn the projected prices for alternative and
gaseous liquid fuels—i.c.. natural gas, petroleum deriva-
tives, and fuels from heavy oils, tar sands, and shales.
Sometime during the late 1980s, as processes for convert-
1ng coal into gaseous and hquid fuels are commercialized,
coal n these forms may begin to replace ol and natural
gas in many applicatie 5,

The need for synthetic fuels made from coal has been

felt 1n the past. Production of coal gas by reaction with

steam became important in Europe and the Umited States
after 1861. Germany bult a number of coal liquefaction
plants before World War 11, and small-scale coal hquefac-
tion feasibility studies were carried out n the Uited
States during the 1930s and, again, in the late 1940s. The
discovery of new, easily explotable reserves of  tural gas
and petroleum. with conseyuent price reductions for the
fuels derived from them, precluded large-scale develop-
ment of these pilot synthetic fuels efforts. But they
provided a scientific and technologiai base for further
development. If there were no ecunomic or environmental
constramnts, the United States could produce enough syn-
thetic fuels to elimnate almost all imports, slow the
consumption of dumestic oil, and develop ¢ substantial
synthetic fuel export trade. Indeed, the availability of
these fuels would be a crucial factor in helping Western
Europe and Japan reduce, their own petroleum imports.
However, there are financial and environmental con-
straints, and science and technology will have to provide
means for overcoming them. A primary need duning the
present decade is to learn more about different processes
for producing synthetie fuels and about how to use dif-
ferent types of synthetic fuels 1n a vanety of applications
so that a range of viable alternatives will be available when

large-scale commercialization becomes feasible
(NRC-I15).

The basic chemistry that underhes synthetic fuel pro-
duction from coal is relanvely simple. Coals are com-
posed primanty of carbon and hydrogen. with smaller
amounts of oxygen and other inorganic elements, depend-
ng on the type of coal. A number of chemical reactions
occur when coal 1s raised to a sufficiently high tempera- _
ture, including reactions that produce gaseous and liquid
hydrocarbons (carbon-hydrogen compounds) that arc usa-
ble as fuels. However, straightforward heating of coal also
yields (in addition to sohd char) a wide range of other
gaseous and hquid compounds, most of which have too
low a ratio of carbon to hydrogen to serve as good fuels.
Efficient production of crude gases or hquids from which
usable synt.ctic fuels can be refined requires, therefore,
that additional hydrogen be avaitable in the process. This
hydrogen can be supplied in its pure, gascous form.
Alternatively, hydrogen can be extracted from water in the
production process, in which case compounds containing
oxygen as well as hydrocarbon compounds are produced.
The same basic processes can be used to make synthetic
fuels from peat or wood.

Commercially demonstrated processes are now avail-
able for producing usable synthetic' gas from coal. and
planned research and development efforts should demon-
strate. within the next 5 years, improved process in terms
of efficiency. reliability, and environmental acceptability.
(NRC-15; ENERGY). The first step in all these processes
15 to combine coal with steam (as a source of hydrogen)
and either pure oxygen or air to yield a mixture of carbon
monoxide, hydrogen, small amounts of methane, nitro-
gen Xif air is used instcad of oxygen) and some other
contaminants - primarily compounds of nitrogen and sul
fur. If the nitrogen and contaminants are remu.ed. the
resultant gas can be used directly as a fuel Since the
heating value of this gas is considerably less than that of
natural gas and its transportation costs higher. its use for
such purposes is expected to be limited Gasitied coal is.
however, expected to be important for other applications
as a source of hydrogen for coal liguefaction, for con
version to methane (equivalent to natural gas). for the
production of alcohol, particularly methanol. and. per
haps, for synthesis into gasoline and diesel fu
source of petrochemical feedstocks SinceComversion of
04l 10 such usable end products by meansofgasification
involves multiple steps, efficiency can be increased con
siderably by carrying out several steps at the same vessel
Increased efficiencies of this sort appear to be possible
Their implementation will depend o a lerge degree on the
markets for the output of first generation gasification
plants (NRC-15). .

The commeraalization of direct coal liquefaction is
less advanced than coal gasification However. large pilot
plant programs are under way which, given sufficient
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marhet incentives, could lead to commercially viable
processes toward the end of the decade. Production of
usable fuels through «8al hguefaction involves combining
dissolved coal with hydrogen 1o yield a crude liquid, then
refimng the crude hyud to remove unwanted compounds
tsuch as those containing nitrogen and sulfur) and to
produce usable fuels. These fuels can include methane,
light hydrocarbons, gasoline, jet fuel, diesel fuel, and fuel
oils. Commercial feasibihity depends in large measure on
producing a crude liquid with a high concentration of
usable components. In several processes this depends in
tum on using catalysts to nduce a high rate of selectivity
among the chemical reaction processes (NRC-135,
ENERGY). .

A éood deal of scienufic research will be needed to
improve the efficiency and reliability of future commer-
14l synthetie fuel production and to minimize associated
environmental problems. Priority research areas include
those focused un mechanical and elastic properties of
various coals, and vn their chemical structures and com-
positions, on the way s 1n which noncarbon components of
coal affect catalytic conversion processes, and on cataly-
sts itself {NRC- 14, ENLRGY). First-gencration commer-
cidl synthetie Tuel products will probably mirror closely
the natural gas and petroleum-derivative products that
they will replace. However, particularly in the case of
liquids. these producis are not the most efficient ones to
produce from coal. Methanol produced from synthesis
gas (a-mixture-of-carbon-monoxide-and-hydrogen) is.-for
example, poientially a very gocd fuel. Likewise, hydro-
carbon fuels with tower hydrogen-to-carbon ratios could
be less expensive than presently used hquid fuels. In the
future, as synthetic fuels from coal become more impor-
tant, there will be increasing ncentives to adapt engines
and other combustion equipment to burn these alternative
fuels (NRC-15).

LIMITATIONS ON THE LSE OF COAL

Available dumestic codl reserves could satisfy all U.5.
energy needs and the needs of much of the industrial we 2
for several decades into the next century. But there are
limitations on 1ts use. Water 1s needed 10 all coal nuning
prucesses buth to repair environmental damage i trip
mining and for producing synthetic fucls from coal. A
goud deal ot the U.S. cual reserves are lucated tn the semi-
arid West, where water-intensive agneuiture 1y already
jimited by avatiable water supplics. Miming and produc

tion processes that reduce water coasumption, mahe usc
ot avaulable brackish water, and heep the discharge of
pollutants 1nto surface streams and rivers below aceept-
able himuts will clearly be needed of the Nation 1s 0
substantially increase its use of cual (NRC-15). More
fficient use of water for agneulture could alsv be an
alternative, cost-effective oprion.

The production of carbon dioxide will very likely set
the ultimate limit on buming all fossil fuels. Coal is,
however, of special concem, since its low hydrogen-to-
carbon ratio leads to the release of larger amounts of
carbon dioxide for given amount of heat than most other

hydrocarbon fuels. By the same token, the higher the ratio”

of carben to hydrogen in a given fuel, the greater the
amount of carbon dioxide that will be produced for a given
amount of energy output. This circumstance argues in
favor of using synthetic fuels with low ‘carbon-to-hydro-
gen ratios. There is a great deal of uncertainty about how
rates of increase in the atmospheric concentrations of
carbon dioxide are related to rates of fossil fuel combus-
tion, and also about the rates at which carbon dioxide can
be reabsorbed by vegetation and the oceans. However,
chmatic effects might be measurable as early as the first
_decade of the 2lst century, and few analysts are prepared

to dispute the argument that if fossil fuels—primarily

coal—were to rema'a as the principal source of energy in
the industrial countnes, serious problems would ensue by
the middle of the century (NRC-I5, ENERGY, NR).
Thus, while coal, and fuels made from coal and shale,
will be an essential component of the encrgy source mix
that this country will rely upon untl well into the next
century, and while synthetic fuels may well be used indefi-
niely for some limited pu-poses, coal cannot provide the
sole basis for future U.S.—or world—energy needs.

NUCLEAR FISSION

Most analysts agree that nuclear power will have to
provide some fraction of U.S energy needs for the re-
mainder of the century, thoegh the pace and direction of
the development of nuclear energy remains highly uncer-
tain. At present, a total of 72 nuclear powecr plants, all of
which afe based on light water fission reactors,, provide
about 13 percent of the Nation’s electricity. By 1995 there
could be as many as 190 light water reactor plants in
operation supplyiug approximately 30 percent of the clec-
tricity used in the country. However, since forecasts of
zlectricity demand growth during the next 10 years have
recently been revised dow nward. this projection s subject
to conside able uncertainty Decreasing growth rates and
future uncertaintics have created serious probiems for
electric utilitics which must design, capitalize, and begin
constructing acw plants years in advance of their antici-
pated use. Additicnally, a burdensome regulatory climate
derived in part from a lack of public confidence about the
safety of nuclear power has led several utilities to cancel
orders for nuclear power reacters Indeed. no new reaetors
have been ordered by the utilities industry since 1978
(ENERGY). This slowdown in the development of nu-
clear power for generating electricity has been taken as
¢vidence by some critics that no additional nuclear fission
plants will be needed in the future.
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The future of nuclear power in the United States will
depend ou changing economic and political factors, and
these factors will be strongly influenced by emerging
stientific and technological capabihties. Prioniy pro-
gramg during the next 5 years wall continue (1 to improne
the safety and operating efficiency of the present genera-
tion of hight water reactors, (2) to desclop provisions for
the permanent, safe disposal of high-level fadioactive
reactor wastes, and (3) to pursue exgloratory research and
development that will be required to commercialize ad-
vanced fission reactor systems.

Additionally, the feasibihty of designing nucleer reac-
tors for uses other than electriaty generation could attract
attenton. These possible uses include supplying process
heat tor manufactuning and. significantly, for a synthetic
fuel industry. ’

IMPROVING THE SAFETY AND EFFICIENCY OF LIGHT
WATER REACTORS

Untii the mid-1970s. the design of and the economics
associated with presently operating light water reactors
assumed that the spent fuel clenients removed from the
reactors would be reprocessed to separate the remaining
uranium from the waste material, and that uranium would
thereby become availabie for new fuel clements Presently
available reproccséing and recycling processes also sepa-
rate out plutonium. which can be used for nuclear weap-
ons (Outlook I, v. |1, pp. 153-54. 160-61). This circum-
stance-raised_concerns_about nuclear weapons prolifera-

tion and led, in 1977, to a moratorium on reprocessing
plants construction n the United States. Although the
President lifted this moratorium in October 1981, most
light water reactors will almdst certainly continue te oper-
ate in a once-through mode for severabyears For thai
reason. there is considerabie interest in improving the
efficiency of power plants. since even small incremental
gains can result in large cconomic benefits, Two ap-
proaches are being pursucd: first, increasing the fraction
of usable fuel that actually undergoes fission by using
different fuel materials and core designs: second. using
higher temperature coolants and more efficient turbines
that can use a greater fraction of the heat produced ist the
feactor core to generate electricity (ENERGY).

Topies involving hght water reactor salety that are
bewng explored by Federally supported rescarch incla ke
the man-machine sierface 10 plant systems, mmprose
niecnts 10 reactor contamnment and mmproved means
minsmize the release of radioactine gases i the b
spherc, in rewponse to public concerns about this topt..
Studies anwed gt an improved understanding of core melht
acetdent phenonieno’agy «nd at better mcthudolag s tor
sk assessment are alvo being pursaed. This refocused
atteniion on reactor safet; denves i part front the wide
ranging public debate «bout nuclewr safety that followed

in the weze of the Three Mile Island accrdent in March

—sionable-matenals _1{such_a_p

1979. It is worth roting the consensus of the Kefneny
Commission that the failure at Three Mile Island was not
with the nuclear reactor itself but, rather, with the coup-
ling between the reactor and the’ more conventional parts
of the plant where the steam produced by the heat in the
reactor core generates electricity. Moreover. as the Com-
mission pointed out. the control panels a Three Mile
Island were badly designed so that it was difficult for
upLraturs to assess the problem that was developing in the
system and tahe the proper corrective action Indeed. a
good deal of the control system could have begn more
autonrated. Finally. the operators themselves were inade-
quately trained to deal with emergency situations * In
short. the conclusions of the Kemeny Commission re-
affirmed the inherent safety of light water nuclear reactors
(ENERGY).

DISPOSAL OF HIGH-LEVEL WASTES

Adequate, permanent disposal of high-level nuclear
wastes will continue to be both a policy and a technologi-
cal 1ssue duning the next 5 vears. At present. spent fuel
elements removed from hight water reactors are tem-
poranly stored at varous aboveground locations, and
could remain in such locations 'ndefimitely without con-
stituting a public nsk. Sce the 1977 moratorium on

cprocessing and recycling has beer hifted. these elements
could ulumately be-reprocessed o recover reusabe. fis-
tocedure comes to be em-

ployed. e residual hquid, gh-level. long-hved radioac-

tive wastes could then be dried and encapsulated n an
inert material such as glass, €eranic. or concrete prior to
being sealed nto camsters for ultumate underground dis-
posal. Technologies for encapsulation in glass are well
understood. A 2-year pilot test has been completed in
France. though there 2re indications that certain ceramics
are sugerior to glass from the perspectives of cost and
process efticieacy (NRC-8). The problem of isolating
bu'kier solid. ntact, unreprocessed fuel rods from the
envirorment prior to bunal 1s somewhat different. and
rescarch mmed at resolving this problem wail be pursued
duriag the next 5 years (ENERGY).

There are « number of candidates avariable for deep.
geolugical isolation of wanistered wastes of cither the
' liquid or > olid ty pe. These include casities constiucted in
deup salt, basalt. ur shale beds, voluanic tulf and griipite.
or related crystalliae rock formations. National polidy
Al focus on assessing the relative mets of these dif
ferent geologi a optives daring the next § years, with
dispusalin the deep oce in ours a more distant possibihity
(NRC 83 Federal cntenia for site scievtion and approval
for the disposal of different waste forms based on these
assessments will be refined during the next § years
(ENERGY)
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ADVANCED FISSION REACTOR SYSTEMS

At some future date. light water reacturs may come 1o be
regarded as sufficiently less efficient than other alterna-
tives to justify shufts tuward those advanced modes. Sever-
al such alternatives are being studied intensively 1n order
to ensure the existence of the science and technology base
for such a change i pohy. The High Temperature Gas
Reactor, which uses helwum rather than water as a core
covlant, 1s particularly attractive in this regard. because 1t
could be used to pruvide tndustrial process heat and could
also be suited for use in a converter mode with « vranium
and thorum nuxture rather than pure uramum used as ity
fuel (ENERGY).

Although resctors such as the High Temperature Gas
Reacior are expected to burn fuel more efficiently than
light water reactors. they would still use only a small
fraction of the potential energy content of the U.S. ura-
nium and thorium supplies. Present tstimates of world
uranium reserves indicat~ that light water reactors in the
United States would have to begin to be retired around tie
end of the ceswury unless more advanced systems were
near commercialization by then. Converter reactors could
stretch out the useful lifetime of nuclear fission as a viable
energy source to some degree. However. Fissile Fuel
Breeder Reactors, which could convert uranium and thor-
ium into fissionable fuel at the same time they produce
energy. would increase the effective fissile fuel supply by
a factor of 100. Breeder reactors vould be used either by
themselves or as o source of fuel for light water or high-
temperature gas reactors, thus providing utilities with o

P

predictable quantity of and price guarantee forfissile fusl
Uramium and thorium would thereby become sustainable
energy resvurees usable for the indefinite future  The
Administration has proposed to continue the work of the
Clinch Rever Liquid Mew:l Fast Breeder Reactor Facility
Meanw hile, additional. broadly based recearch and de
velopnient efforts aimed at critical weehnical arcas and the
development of technical und enginecning data that will
permit the selection of a breeder aystetn for possible
deployment around the turn of the century are proceeding
(ENERGY).

It is almost ceitain that the advanced nuclear energy
0, n will be actively pursued somewhere, i not in the
11 1 States. since few countries are so richly endowed
v. ¢ fossil fuel reserves that this country enjoys.
Franee plans to demonstrate a large-scale commercal
breeder reactor by the end of 1983, and the Sovict Uniun iy
mahing good progress with breedes technology. 1 aither
country succeeds in comnrerclabizng breeder reacturs.,
there 3s uttle doubt that they will mose to market buth the
reaciors and reprocessing faclities abroad  France ol-

ready has a reprocessing .md recyeling facility, and ro-
processing 1s being .u.mulv punsued in the Unsted King
dom and Japan (NRC-id).

THE RELATIVE RISKS OF NUCHLE:» # FOWER

Most analysts agree that there are rishs associated with all
specific future energy options They disagree. however.
about the magnitude of those rishs and atout their relative
acceptability. The nature of the risks to health and the
environment from coal and nuclear fission has been well
advertised. although there is considerdble disagrcement
about the seriousness of thuse rishs —partuul.xrl) those
associatec with nuclear fission Barring a catastrophic
nuclear accident and taking into_account probable cn-
vironmental effects of atmospheric carbon dioxide. the
health, safety. and environmental rishs associated with
coal are probably greater than those associated with nu-
clear fission.”

There are. in addition. serious risks of a different kind
that could result from prematurely curtailing or eliminat-
ing cither or both the coal or the nuclear option. These
include the risk of economic. disloeation (and even war-
fare) that could result frem placing too much faith in a
narrow range of options that proved not to be viable. The
differing nature of these risks and the fact that neither their
future magnitude nor their future acceptabthity can be
assessed at present again reconunends for pursuing encr-
gy-related researck: and development across a wide front.

T~
RENEWABLE RESOURCES

Renewable energy sources. ndluding direet solar bio-
mass. geothermal. ocean. and wind. presently provide
about 6 pereent of the U.S. energy supply. For the most

- —promusing of these sourees. notably solar and bromdss.

there will be a continwing need w improve the underlying
science and technology base before they can mahe aure
signtficant contributions to the total U.S. encrgy supply.
As m the case of other energy sources, the marketplace
will deternune tie pace and direction of their deselop-
ment Federal support will fucus un developing underly

ing surentttic bases. The removal of subsidies for compet

ing petroleum technologies and various tax ineentives
should create o« more favorable Cimate for capital invest

ments i renewavle cnergy sources, particularly solar
sources (ENERGY).

DIRECT SOLAR ENBRGY

Almost all analysts agree about the ultimate prosse of
solar energy Indeed. duect solar energy. along with
breeder and possibly fesion reactors. is probably the only
available energy opton for the very distant future, with
synthetie auels from coal and shale tor bromass) and
hydrogen eatracted from water used when transportable
fuels are needed  Differences of opion regarding the
viability of solar energy focus on when vanous solar
sources are likely 0 mahe a signtficant penctration tnto
the market. Solar energy sysiems are, however. uniquely
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adaptable to decentrahzed user requirements and couly
therefore be usable on smaller scales than other future
options. For that rcason, their role 1n any assessment of
future energy sources should not rely solely on their
contribution to aggregate demand.

A .anety of technologies for directly harnessing soiar
energy are under development, and applications of direct
solar energy technology ranging from ndividual solar
waier heaters to centrahized electnicity generation have
been studicd. Currently, direct solar water and linnted
space heating systems are finding expanded application,
although broadly functional systems a2 not expected to
evolve unul late 1n the present decade. Such systems
currently have the disadvantage of having hgher inital
costs than do competing systems . although they also have

the advantage of not requiring conventional fuels for their _

operation. Additional development will be needed before
these kinds of systefns can be nsed widely in a cost-
effective way (ENERGY).

Photovoltaic systems are presently under consideration
both for.large, centrahzed apphcations and more modest.
decentralized needs. Photovoltaic cells, which convert
light directly into electricity. have now reached a research
stage where conversion efficiencies in excess of 11 percent
have been achieved. Reduction in the costs of photovertaic
systems may well require a rew type of device based on
thin amorphous films rather than presently used crys-
talline matenals. The Federal Government 1s supporting
long-term "&D on advanced semiconductor materials for
such applications. Cost reductions are also expected with
the introduction of large automated production facilities
(ENERGY).

Beyond what can be accomphished through improve-

inent of the cells themsélves. the potential of photovoltaic

systems could be enhanced by locating them outside the
filtering effects of the Earth’s atmosphere. This observa-
tion provides the basis for the concept of the Solar Satellite
Power Station, which would consist of a very large array
of photovoitaic cells in geosynchronous orbit. Solar power
from the array could be transimtted 1n the form of lgh-
frequency microwaves to receiving antennas on Earth.
where 1t would be reconverted into electricity.” Since the
science and technology underlying such systems are not
well understood and the required capital investments
would be very large. they are unlikely to become viable
options 1n the foresecable future {Qutlook 1. v. 11, p. 159

BIOMASS

Renewable organsc !nali;nala such as vegetation or ani
mal. agnicultural, and forest residues are all classified as
biomass. This orgamic material can either be burned
rectly. ur used to produce hiquid vt gaseous fucls. ot to
produce chemucals as substitutes for chenucal industry
feedstocks that are presently derived from petroleum or

natural gas. Sin« ¢ living plants store energy from the sun,
biomass is often classified as a form of solar encrgy.
Fermentation of grains to produce alcokol is. of course.
an established commercial technology, and the results of
research and development leading to systems for the eco-
nomic production of methanol and methane gas through
fermentation of other vegetable and animal residues cre

promising (ENERGY). Basic rescarch in plant genetics

that could underlic advances in the biological engincering
of plants could greatly enhance the potential of biomass as
a significant. long-term cnergy option.

Wood is potentially a good source of fuel and chemicals
produced through fermentation. although it requires con
siderable pretreatment before the fermen:  n process
can be effective. Alternatively. wood can be used to
produce synthetie fuels by means of the same basic proc-
esses (nvolving gasification for example) that are used to
make these fuels from peat or coal (NRC-15). Given the
present availability of coal. however. and the ecological
problems involved in extensive cultivation of forests for
biomass. this latter option does not appear to be a signifi-
cant one for the United States during the foresceable
future.

NUCLEAR FUSION

Nuclear fusion. the process through which the sun con-
verts its mass into energy. has the potential to be an
important option for the long-term future Most designs
now regarded as feasibie would make use of tritium de-
rived from lithium (which is relatively abundant) and
deuterium extracted from the oceans. so that commercial
fusion reactor fuel sources would qualify as renewable

Fusion occurs when two light nuelei react tocombine
into a heavier nucleus and give up excess encigy in ihc
process. Usable fusion reactors would be designed to
convert that energy into electricity Since fusion reaction
processes can only occur at exceedingly high tempera-
tures. the basic scientific and technical problems are asso-
ciated with raising the temperature of the fucl and sustain-
ing it at that temperature for the fraction of a second
required for fusion to occur. while preventing the fusion
reaction from being quenched through contact of the lot
fuel with the confining container. Two approaches are
being pursued. In the magnetic confinement method. the
fuel is kept away from the container walls by an intense
magnetic field as its temperature is raised. In the inertial
confinement method. pellcts containing the fuel are
dropped successively through the common focal point of
several intense pulsed laser or charged particle beams
wiere the fuel temperature is raised abruptly

Rescarch aimed at solving some of the formidable
prublems assoctated w.th the magnetic confinement meth
ud has been under way for 20 ur more years in this cvantry
and abruad. and presert cnthusiasm among those in
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volved 1n that rescarch 1s hgh. In 1980 the Congress
enacted the Fusion Research, Development, and Demon-
stratior: Act, which comnuts the Nation to an aggressive
program for the advancement of knowledge about fusion
technology. The scientific feasibiluy of fusion power 15
likely to be demonstrated during the next 5 yeors at
tacihties that are now nearing completion in Princeton
(ASTR-II1). A roughly sinular test facthty of the European
Communmty 1s neanng completion 1n England. as are test
facthues n Japan and the Soviet Umon.® Formidable
techmcal problems will stll remain to be solved. how.ver.
1f a commercial-stzed fusion power system s to be dem-
onstrated by the year 2000, as enviswoned by the Fusion
Act (ENERGY).

Development of the nertial fusmn method 1s con-
sidered essennial to address current and future nuclear
weapon design problems. Duning the next 5 years 1t 1s
expected that the necessary energy levels will be obtained
for fuel igmtion using both laser and charged particle
beam sources. NOVA. the hghest power driven laser
system. ¢ presently scheduled to demonstrate that fusion
can be induced by this methnd in 1983. A full demonstra-
tion of the scientificfeasibility of the inertial approach
could be ready in about 10 years (ENERGY).

.

IMPROVING ENERGY END-USE EFFICIENCY

Increased energy-use efficiencies—that 1s. energy con-
servation—can strengthen national efforts to amelorate
the energy problem in the near-term future. whereas ener-
gy derived from-advanced technologies may tahe many
years to make a meamngful contribution. Energy con-
servation will also remain an amperatise for the long-
range future reuardlus of what nux uf sources 1s used
The decontrol of oil prices 1s expected to have a major
impact on increasing energy-use efficiency (ENERGY)

Two types of measures are avaifable for increasing end-
use etticiency, those that pernut substitution of scarce
fuels with fnore abundant tuels. ard those that pernut /!
avatlable energy to be used more efficiently, The first sct
of measures ncludes. most notably, using hqud fuels
only where necessary. A number of utihtics and a few
large industnes are converting from ol to coal. and power
stations now under construction are designed to use coal,
natural gas. and, n some nstances, nuclear fuels. A good
deal of attention 15 also being paid to developing systems
that will allow small industries to use coal effiviently to
generate process heat Al such efforts constitute the first
type of energy-efhicient measure (ENERGY)

Considerable progress toward implemerting the second
type of measure has also been made through car pooling.
increased use of mass transit and smafler cars, and im-
proved building insulation, for examples  Prospects for
further improvements tn the transportation sector are dis-
cussed 1n Section H-H
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Additional energy savings are anticipated in the next
few years as manufacturing industries replace cxisting
capital equipment with more enerey efticient stock. intro-
duce cnergy-efficient processes. and make better use of
industrial wastes (NRC 14). Many such measures can be
taken by using or adapting existing technologies and are
limited primarily by capitalization costs Cogeneration it
a particularly appealing possibility 1t involves using in-
dustrial waste process heat rejected by a utility or large
industry for other purposes. usually for heating (ENER-
GY). Ultimately. the use of stronger, lighter. more heat

_ resistant materials should alfow additional energy savings

n all sectors, but primarily in transportation und manufac-
turing. The availability of such materials will. however.
depend in part on rescarch that is now fn progress (NS:
ENERGY: Ouilook 1. v, 1. pp. 16-17./20-21)

In general, the introduction of thesy and other cnergy-
efficient measures in the industrial séctor should permit a
substantial increase in economic agtivity by the end of the
decade (ENERGY). Considerablg near-term energy sas-
ings are also anticipated in agriculture. as discussed in
Section 11-1. /

INTERNATIONAL PERSPECTIVES

While the focus of this discussion 1s on the United States.,
it 1s clear that since problems associated with energy are
worldwide, likely effects on other countries will of neces-
sity condition planniag in this country In particular. the
secunty of the Umited States gives this country a vital
stahe in the cconomics and. thus. the ¢nergy supplics
avalable to 1its allies. Since the more important effects that
the energy problem is likely to have abroad arc discussed
in detail in Section 1 D. they will only be summanized
here.

First. despite the current leveling of international prices
for petroleum. these prices are almost certain to increase
in the future as world demand increases and the supplies
themselves level off. Part of the increased world demand
will result from growth in the world’s population  Addh-
tonally, muiddle-tier countries of the third world, includ-
ing several OPEC countries, are expected toincrease their
demands sigmificantly during the next 10 or 20 years, and
the U.S.S.R. may also have to begin imparting oil by the
early 1990s." This increasing internanonal competition
for petroleum may “well result 1n increased occasions for
international irntation and tension The United States can
mitigate these cffects on wself by reducing ats ewn de-
pendence on otl wports as much as practicable. thus. in
effect, backing off a<far as possible from the competition

SCCOIld.’ll 1s worth noung that the world encergy prob-
lem need not be entirely disadvantageous to the United
States This country can continue to gain trade advantages
as an exporter of energy technology, as with jotheNlugh
technology  Morcover, smee coal will almost cert:

-
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become a primie alternative to petroleun. for industnal and
utility builers within a very few years, and since 30

pereent of thg world’s coal supplies are i the Umted— —on. However, 1t may also be desirable o couperate. in

States. we could becume o ninapal exporter buth of coal
and ot fuels nade trom cwal. The avalability of syntheta
fucls from the United States wuould also perrut the indus
trialized demuocracies to reduce their dependence on Mid-
die Eastern petroleum as a source of hyud fuels.” These
carcumstances suggest that there can be othet incentives,
i addition to expected esealating petroleun prces, tor
developing a synthetse fucls'industry. .

Frnally. there are and will continue to be pumerous
vppurtumtics for international covperation an cpergy 1
scarch and developmient that can benehit the United States
Several U.S. synthetie fuel demonsiration programs hase
German and Japanese participants, for cxample. A central
problent b all couperative rescarch and devclopmient pry
2ras 1s huw to distinguish between couperatise projects
that will yield long-term net benefits to the Lnited States
and thuse that may give uther ountries an unwarranted
wompettive edge. A usclul ke ot thumb has been o
wouperate 1 projects that are very expensne oo that
substantial short-term savings are possible) and thit focus
on research that s unlikely to be applied to our disadvan-

-

tage 10 the short term. Fusion research qualifies as an
. propnate drea for couperation aceording to this enten

ficlds with more immicdiate payoffs. For example. mulu
nativnal cunsurtia or acs nltinational companies miay
well be needed to develup a viable world nucleat reactor
construction industry (NRC 14)

With regard to nternatignal  upesation, it s worth
noling that nu uthe, u:unlr‘\(}(.u tie feaourees to maintain
as widespread an energy rescarch and deselopment pro
gram as the UL ted States, and few are so nichly endowed
with fosail fues feserves. As aresult, there has been more
spectalization vveracas on technological vptions consid
cred appropriate tu specific nateonal situations, such as the
breeder reactors in France, the United Kingdom, the
Suvict Union, and Japan., sular and geothermal enctgy in -
Japan, cthanol from buomass 0 Brazl, and_production of
synthetic fuels frum coal in West Gennany and South
Afnca (NRC 141 As wurld peiroleum prices continug
nse, the incentives tor the United States to engaggoimoke :
cadperatine rescatch and aeclopment projetSand thus to
explont sume of the adsanues being wed abroad s fikely
10 Increase
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F. Natural Resources *

-

One ol the mgjor clements an the progress o our viviliza:
tion hygs been the avardability ot anich and vaned supply o
tatural resources,und at one time ot seemied that the stocks
o naturally oceurnng sesources that yelded food. shelter,
tucls. and other necessities of fife were ineahaustiblc
However, an everncreasing world population, coupled

* with continued rapid industrial growth, s plaving sech

demands on those resources that there s increased con-
wern that Earth s resourees Ny not heep pace waih the

demands ol tutuse genciations The worlds popylation
mereased by 19 ballion, o over 75 pereent. beween 1950
and 1980 to the carrentls ostmated level ot 43 ilhon, -~
amt current projections are that world populativn will
reach abuut & illion people by the end of the century
TAAAS % Onthe bases of those progeations about papu
latwon growth and workd descdupment. there have been
warmings. for example, that the avafability of tuelwond
and vwoud products could contgr to dedine as torested
o8




arcas are used for other purposes. that shortages in, and
the yuality of, water in many parts of the world ma,
worsen, that increased desertification of lands may ocear,
with a resultant loss of range and cropland: and that
further pupulation growth in some geographical dareas
cuuld be severely limited by Earth’s capacity to support
life !

" ts important o recognize that those dismal proje -
ot are extrapolatigns and not predictions. They depict
cunditions that arc likely to occur of there are no changes
in public policiey. institutions. or rates of technological
development, and if therd is nu war or other major disrup-
tton {NRC 1j. Theretore, they should be viewed as warn-
ing signals. pointing out areas that demand continued anf
stHuus dltention 1n the coming years and emphasizing th

. urgeney of emerging problems in natural resources and
e the environment.

| . Although there may ulgntately be shortages in the
| 2lubal supply vt resources. problems for the near future
| will ik more 1n the way those resources afe distributed
; glugmphu.all}. and in their political and ceonomic aval-
| ability. than with their putential physical exhaustion
i" {NRC- 1, AAAS 16y For example, a fresh-water shortage
| tor the world at large s not Iekely for centunies, but severe
‘l shurtages do exist tuday in some parts of the United States
| and i some Middle Eastetn and African countries A
} sifmlar situation cxasts fur other tssoarces that are dis
tributed uneygually among countries and that may be un-
. available to the countries in short supply because of trade
" restnictions or ecopomic costs (NRC-Obs . AAAS-10)
Science and technology can mitigate many potential
n..;mml resourees problems. lur example, «f an inexpen-
siee and renewable encrgy sulree were to be dudupul
sahine water could be converted to fresh water tor food
pruduction, JJean-burning hydrogen fuels could be pro-
duced i guaatity, and many s &0 nuaerals that oveur in
| low grade deposits could be @EZacted and processed eeu-
i numiealhy (NRC 1) But. ot Is nut cxpected that such an

encrgy wurte will be widely available for severalydec-

ales In the anterim, other technologiesl advances can

on. although perhaps nutimmedately solve. mgny of

the resource problems that have been projected., and the

f development and application of those technologicl ad-

+ . vances are dependent on_concerted policy actions in the
next 5 vears Sugml't/"nt and emerging pruhium mn
natural resources are discussed below

ENSERING ANTADEQUATE SUPPLY OF

.% NONFUERL MINERALS

Current trends suggest that the worldwide consumption of
mapor nuntuel mincral conamuditics willincrease steadily
tor the résf Wt the century, shghtly more than doubling
current demand by the year 2000 While there s bitle
concern that the sources ol those miner s wall bec
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physically exhausted duning that period, there are maor
concerns that supplies to industrialized countries night be
disrupted erther by price manipulations or for political
reasons (AAAS-10: 1A).

_The major wlentiticd global resgrves of severd nunerals

, important to the eConomies of the United States and other
industrialized countries. such as cobalt, chronnum, man-
gancse\. platinum, bauxite, and copper. are located 1«
few developing countries. In the past. thuse nuncrals
usually were readily available and ineapensive in the
world markets. However, many nuneral-producing ng-
tons have begun to incredse their eaport carnings through
steady price increases. The high prices. coupled with the
poliical instabrlity that characterizes many of the coun
tries with, large muneral resources, pose the danger of
those comimodities eventually becoming too expensive fur

' cost-effective American use, or of there eventually being
mgjor disruptions in the availabihity of uritical nonfucl
.munerals for use in the Umited States and in ulhu indus-
trialized nations (AAAS-10, 1A)

Providing for an adequate supply of nontucl nuncrals
has two time frames. In the short term (5- 10 years ) there
s bttle that science and technology can contribute in
preparation for dealing with putential supply interrup-
tons —either those due to cost factors or those oceurring
for uther reasons. Most science- and technology -based
strategies fur ensuring an adequate mincral supply tahe
many years betore they pay off Therefore. vur prosent

strategy, for the near term, s bascd vn establishing and |

maintaining a stochpile of critical materials

On the other hand. many suggested courses ol action
for preparing the United States for potential supply inter-
rupttons 1n the fonger term are heavily dependent on
svientific and techaologieal activities Three interrelated
apprugches are discussed below  Onc s tu expand thy,
resource base available to the country through further
mineral cxploration A seeond approach is o improse
buth minnig and processing technologios so that new sites
can be explotted and casting nuning and paocessing ac
tvities can be carned out more efficiently  The third
approdch is to develop materials that can be sabstite .ed for
those nunerals whose supply s threatened, -

.

ENHANCING THE VA ABLE RESOURCE BASYS

One way o counteract a potential intgrraption m the
supply of minerals for use by the United States 1 to locate
dddlllnndl mineral resources 0 sites more aeeessble
the country However, extluding the State of Alaska, the
United States 15 one of the most thoroughiy prospected
nations of the world, and that rases two kinds of prob-
fems, Fisst, o much of the country has alreads been
prospectedd that herctotore prulu.lud national land» would
have to be explored. consequently. problems connected
with proprictorship and the need to protectland resoutecs
and the environment would be raised Secend. and witk

/.
I
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mure relevance o a need for science and technology
developments. the vast majonty of large shallow depusits
of high-grade ore has already been found and have been.
us are being. mined. Therefore, to enhance the available
resource base. attention would have to be focused on
locating and then exploiting currently umappcd'rc.scrvc.s.
such s deep and conceadled deposits. The necessary tech-
nelogies are 10 many cases not yet fully developed. and
vres from those sources are frequently of low yuality.

Adequate mineral exploration technologies will have to
be developed that are capable of both detetting and assess-
ing such things as deep or concealed ore depusits. That
apatility. m turn. will rest notonly onthe development of
new nstruments to detect anomalous concentrations of
nunerals. but on new knowledge of the ways 1 whih
muneral deposits are formed and coneentrated in Earth's
crust Theretore. in addibon toneeding new tecbnologies.
more inﬁonnauon will have to be acyuired in such basic
arcas as geodynamies and metallogenesis (NRC-17,
AAAS-10: NR,) .

Additionally. there is the possibility of increasing the
mining of the veean floor. Nonfuel minerals currently arc
tahen from only a few, near-shore. shallow-water loca-
tiuns, but there is wide agreement that much more cxten
sive depusits’of such cntical nunerals as mangancse vx
ides exist on or just below the surface of the deep veean
flour. Whether or not such potential deep-sea depusits will
Be Tucated and then mined 15 a5 much o political as o
technieal yuestion, since the interested countries have nut
yet agreed un who has the numng nghts to those areas
{NRC-17) )

IMPROVING MINING AND PROCESSING TECHNOLOGIES

Once additiona] deposits have been found. they must be
mined and their ores processed However, the nierna
tional competitive posion of the domestic minerals pro
ducing sector 18 already dechmng. and conventional tech-
nologies for mining at large depths aré becoming
increasingly prolibitive for reasons of satety, energy
wosts, and large imvgstment requirements Those factors

*.have led to a dechne 1n the competiive position of the

domestic minerals producing sector and have. thereby.
inhibited production and deterred the search for new
deposits %

Science and technology developments could play an
important role 1n reducing the costs of produciny both
primary nunerals and the industnial products that are
denved trom chem, thereby stimulating those industiies
and resulting 1n greater dumestic supphies For example,
the handiing and transport of mune matenials, particulardy
n nunes that hie 300 teet or more beneath the surface.

neyr enormous eacrgy costs and technologiedl rebine. |

ments could alleviate sume of thuse costs Work s
necded, for instance, to fprther develop in-nune ore
rushing and separation technologies that could nuninize

|

I

the amount of materals to be transported vat of the nune
(NR). Advances in solutton mining pronuse impiove
ments in miner safety. reduced disturbance of the surface
environment. and a reduction in the amiount.of roch
nceded W be handled and disposed of in the gnining
process (NRC-17).

Approximately 10 percentof U S energy cotisugsption
i> used and or lust in the primary conversion of nuneral-
into metals and other materials, and miany roscarch vppor
tunities exist for increasing the efficiency of cnergy uti
lization 10 those processes  Additional uppuortunitics for
technological improvements can be fuund throughout the
mining and utihzation processes (NRC 17, AAA'K‘ 10
Thus. suientific and technolugical developments in
mining and processing technologies could. by casing the
financial burdens on American numing and nuncrals proc
essing 1pdustrics. lead tuinereases i dunuestic supplics of
critical nunerals

DEVELOPING SUBSIHITUIL MATLRIALS

A third way that sceence and technology can hiddp resolv
long-term shortages in critical nontudd ninerals i dirough
the development of alternative miatenals, tnat could be
substitutea tor thuse miade with the potenitially threatencd
commodities un which industrialized nations now hughly
depend  For example. recent achievements of the U'S
defense and space R&D programs have demonstrated
suome substitution oppurtumities for ciiical and scaree
nuneral commodities Carbon fiber-reinturced carbon
cotnposite: materials. for ms(unu; would putentially be
substituted for superalloy s using mekel and cobalt in such
apphications as gas turbine engines  Additionally. new
metal-matrix composites are potential substitutes jor such
crincal matenals as chronmum. ttanium, and bery thum
Furthermore. rapid colidihication technologs can proside
very high quality starting materials for new tamilics of
aluninum and ttamum alivys, as well as superalloys,
while not using such scarce matertals as chire 1w NSy
Thus one approach. well nte development stages. o
dealtng wizh potential shortages in cntical nontucl nuncs-
als 18t reduce vur dependence on them by descloping
viable substitutes

v
v
L

PROVIDING FOR A SUFFICIEND SULP2LY OF
WATER

Of our natural resourees, water is enc ot the mostimput
tant In addition to personal use. waler is enitical tor such
enterprises ¢s agrivulture anu Chiergy ptoduction. and it s
¢ital to virtually all industnes Two intimatcds related
aspects of uur water rosourees will dumand attention in the
next & years The first as the supply of water, and the
seeond 1 the quehity of thet supply The intesrelatiunship
between the two is important. since the guaiity ot the
water supply 15 uritical factor in s tincth nad utility and

e
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therefore, overali availability  Since the topic of water
quality s discussed in the pext section, this discussion
will focus only on the yuestion ot vserall water supply

There s no overall shortage of water in the United
States  The tutal amoun? withdrawn from surface  and
ground-water suurees for public water supply systenis i
1975 qthe last year for which accurate tigures are avail
abley was shout 27 biihon gallons aday. or abuut 6 pereent
of the average annuai fiow of the Mississipps Riser ot New
Orleans In addinon. less than one fourth of the with-
drawn water was consumed and unavailable for reuse after
treatment (NRC 75 However, there are dramatic -
stances of regronal and, focal searcities trom tme to hime,
and the consequences of those shortages have made eftec-
tve utthzation, consenvation. and Jdistribution uf water an
snport <t national prionty and a factor in our mnlerng
vonal relations INRC 7 ASTR 1y The US Water Re
saurces Counci! has reported that seasonal shortages ar
common 1n 20 pegeent of the 106 watershed regions of the
wouniry. and that pymber i projected t reach 30 pereent
by the year 2000 " Incertain western regions of the United
States, scasonal shotfages are the rule rather thun the
exceprion, and those swter shortages ase exacerbated by
current major population shifts, with consequent in
creases 1n water lemand for personal use and espeaially
tor energy prudzmmn (NRC 70 Moreover, the Western
Research Commuitice recently reported to the Juint Coun
ul on Food end Agnculture o projected need tor 10
pereent more water over the next 20 vears (i the western
region ¢ i

Ensuning adequate water sapplies s primanty & oon
scientific or nontechnical issue Proplemns assaciaigd »ath
water svatlabiity generalls are o reselt of competition
within geographical areas between water ncedy tor sgn
cultural purposes and those tor encrgy predudton or
betweén those hinds of niceds and those tor Hther indusirad
pyrpu’u:s, the allogaton and reallocation of water amuny
the cogipeting needs are prilandy nonftechnical pelicy
deustons But saience anc technology activitics gy he
able 1o lessen the problems in the vomuny sears by prosid
ing technelogical options sor redistributing walker increas
g the avalable supply of snurcasing the ethacney o
water use N\

REDISTRIBY HION OF walix

Gt the options svadable o reswiving aaler wcataty proh
lems. sedistnibuting water is early the most dx;?gmz
pahitically Howeser, assuming. that institutional e phlit
cal barners o iaterbaan transfers ceold be snrauame
seienlifie and technological advanees could be ustuin
prividing more ellective mechansis tor redistrlwting
water from arcas of high supply to those o huw suppis
Many attempts have aiready been made ot hnding the bo
means tor reditnhuting water including pipsng and re
directing steeams and nver flow patterns But, ggain

ERIC > :
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those solutions have major politiedl. ecological. and en
virunmental ramifications  Redistributing water can re
Juce both the guahty and the guantity of water resources
elsewhere  Therefore, untl new and more acceptable
techmques are developed or the tnied techmgues are sub-
stantially improved. and untl policy decisions are made
that remove the institutiondl barriers o redistnibution,
water redisgnbution will prove almost certainly to b an
neffective mechanism for ensuning adequate supphics of
water 1n all regions

INCREASING THE AWATLABLE SUPPLY

There 1s sume poten adl tor increasing the available supply
of usable water thro agh wientific and techrologieal de-
velopment For example. thete always 1s the possibulity of
wWentitying and expluiting additional ground-watcr sup-
plies, and the U S Geologial Suney has initiated o
magor program directed 1o that goal Anuther approach
would be o inurease cfforts ot converling scavater of
brackish water 1o usetel quality «NRLENVIRON,
ASIR-1Hh

It also s possible (o snrease the armount of water
avatlabie 1n water svarce regtons by artificial incan-
Uloud ~eeding and other torms of Cimate change mas be
able o ancrease regonal water supplics by as miach as 10
peteent (ASIR D Howeser, any attempts at altening
Jhimatie conditions would have to be andertebon wath full
consideration of the compler ceolngical ksl and polhit-
ioal ramuli stion-

INCHEASENG FHE FRE Y GF Salb ke o st

The problems of 1o gional aater shorlages i the Loming
years can be iosened by technologics tof gacrcasing the
¢tficieney of waler use Ior anding conservalion and tor
increasing the potential tor water reuse Toohnological
advanae - that increase botiiin dustriad snd domae st aatr
use cticiency glready hove aided consernvation ¢Hort
Some progress has also beon made in contralling water
loss frem spniculture and Trom urban runctt o addition
same water reovGhng and desahination programs hasve
heen mitated and  althouph currenty eapencing
some prismise for tunsionally 1ncreasing the amount of
water astniable for ¢ saricty of eses Atthe torciront uf the
research effort, the Denartment of Agncolture o .pansar
ing rosearch directed ot developing less wares intens
vrops and the “ational Scienee Foundatson suppott sn -

shiow

sestigabions into ctops that van grow in waler ot b
salinity VAGR Owtlensb | ASNTR T Howeser o caplot

. Lddly the potential for water consenvation and reus adidi

trong) eterts ol those hinds. coupled with polic . dus
s Hosteniag the offorts will bo nieded dunin, the moxt
S vears

.
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PRESERVING THE WORLD S TROPICAL
FORESTS

Depletion of a nation’s natural resources to provide the
basic necessities of hife or o improve living standards can
pose major conilicts between short-term and long-term
interests  That kind of problem 15 exemphhfied by the
world’s forest resources, which currently are weriousiy
threatened The spread of sgnculture. the harvesting of
umber. and the clearing of forest land for grazing have
contributed greatly 1o senous deforestation 10 many parts
of the world. presenting many potential problems for the
tuture . ’

Orer the past 20 years, forest coverage of the world's
land surface has been reduced from over 25 percent to 20
pereent At current luss rates, canerage is projected to
drup tu 17 peccent duniag the next 22 years and o stabulize
around the @ ear 2020, when only about 14 pereent of
farth s land surface will be forested Much of the fore o
Toms will accur in tropcal forests i develuping countric s
where it 16 eslimated that ali physicall, accessible fure-t
will have been cut down by the year 2020 The leas of that
resource to the people of the developing counirics whe
use ) percent of the cot woud for coohing and heating
wuld be catastrophic

Suih targe losses all also have fur-reaching effect 2hat
g0 beyond the greas where detorestation will occur Raped
and widespread loss of the world s tropscal forc.ts will
adversely atfeut shsorption and retention of rainfail, cau-
ing widgspread runott and «odetosisn Repiongl lempora
ture and raintall paiterns could be altered, affecting agre
wultdral produstion and watcr supply 10 afcas far emersad
trom the deforested Jands. and sumne plant and aniinal
speoses would P st and the btal diversaty of spuaes
preatly reduced Additionaliy, farge ~ode reductions n
vegelainh oued scniously affect Lasth - capauity to rosh
surh carbon dioade from the atmosphege (AR

Althuagh the U nstad State . contams unly about 1 pet
cent ot the world s tropial foresds thesr presenation
throughout the world s o directanterest o thas country
Trpical toreste are o magor ssee of specislty womds and
pharmaceUlicabs cxparted b the United Siates and othicr
aations 1o addition, the flooding, loss of Jand for ags-
calturst purposes, and growang searuity of fuchugdad duc
1 loreat doss combine o deepen ol and Aconomin
problesms in the deforested countrics. adding prossures for
Mssise fugrabien of peouple and i redsisg thy piente
for poltiieal instabihts

As upthe case of aater resoures world delorestastion o
;#m,an&y 4 semagl politivel Mmanagenal problem insolving
hul.{mcw among competing needs and setors of sty
Science snd leonnotugy can theretord stfect o unly mat
minally I Dewember it report, tne LS Interagency
fask Foree on Tropreas Forests recenimended a saniet ¢ of
polies sctions Incloded were two directly related to s

.

cnce and technology activities first, the Tash Foree rec-
ommended nitation of an nternationally coordinated
action program on tropscal forest research, sceond, it
recommended doubling of the worldwide rate of reforesta-
non and afforestation, activities that are heavily science
and technology based (NR) [n addinion. better analysts of
the potential political. ceonomie, and social con-
sequences of severe deforestation 1s warranted so that
effective counteractive reasures can be developed
lSS?C h .

‘

COMBATING THE DESERTIFICATION OF LANDS

Agneulture, wood cutiing, and dvergrazing of rangelany '
are increasing the sp'fcad of deserthike vondisens sn the
world s land arcas. especially in Jess developed countnies
The protess has been termed  desertification” and 1n
volves the sustained dechine and or destructien of the
prodactivity of and and semiand lands Where the proc-
ess iy unnhecked. Yand becomes unfit for range or crops
(NR)

About une third of the tta! worly Tand - angl, and o
supports abot e seventh of the global pupul.'?/.un That
arid fand s» wadels threatened  Present globid losses 1o
deseruheation are s nated W be about & malfion hewtares
snnually tan arcs spproximating the size of Maiae, and
the world's duesert greas are projected o dncic e from
thear current 800 mudhion hectases by ;J/nmln.r 20 pereent
by the year 200 ]

Winle the probleny/is st scnous i doss duescdopal
woartrios, agriculpfal productinty e buing alfccfed by
do-cruhcation iduany industnalized countrie . iaduding
the Utited States  The increased use of <humieal fertil
1wers, watet, and herhicsdos and pestivides bas oompen
sated somewhat for dechnes in vl condiions in - the
industrialized reions But these produats are expensive

«and chemical fertihzers and reatodey van abso durnage

the il amd cause other environmental problerms

Although much of the problem s political and man
agenial in nature, there are omie apportunitics for suience
and teehnology o winttibute to the al'eviation of des
rufi ation and it npacts Oppurtunitics indude design
of research and deselopment programs on salt tolcrant
vTups and vegetahise vovenng . increased atteation to the
prasathilily of develuping cconomic uses tor natusally o
surnng and plaets, rehabihitaton of degraded lands, n:
troductin of operational desertiffcation momtonng tedh
rayuck, ond improsement i technigues for managing
surfece water and ground Rater reservoirs. Those i.mgs
of serentihe and dcchnological effurts provide an oppor’
tunity 1o, fessen the ampacts of ur partially 1oversd the
trends toward desertification an our and and sermand
lands in (hci comngl years (NRy -

LR

se

/ .




/s

»

3
Q

Funcnonal Area Problems, Opportuomnes, ad Constramis - 65

REEERENCES

t US Counal on Environmental Quality and U S Department of
State The Global 2000 Repert to the President Washington. D C U S
Government Pnnting Ofhee 1980 tHereatier wited as Global 2000
Reporty )

2 Natona! Rescarch Councsl National Academy of Suences Com
mittce on Mineral Technologs Technological Innovdnion and Forces fer
Change in the Mineral Industrn,: Washington [ (. National Academy
of Sciences, 1978 .

3 U'S Water Resources Counal JThe Nanon's Waier Resources
1975 20001 Washington D C L S Govgrmmnent Pninting Oftice De
cember 1978 /

4 Priorinies for Food, Foresiry and Agrifudtural Sciences Research
through 1984 Western Region Repag of s#e Rescarch Commuttee of the
Western Regional Council to the Jomt Councit on bood and Agnculivral
Sciences. 1980 Copies avarlable from Dr € Elmer Clarh, (Cochair-
man), Associate Disector, Agncultural Experiment Station Utah State
University, Logan, Utah

5 LS Council on knviromnental Quahty op

6 LS Counut on Environmental Quahty and L 5 Depantmeni of
State Global fuaure Iime to A Washmgton DO U S Governiment
Prnting Office. January 1951 .

7 It

4 Ind

G. Environrr}ent

The devade of the 19705 was biled waith o grr;:tl amuunl
dctivity diredted gt protecting the naturakcnvironment
Throughovut thuse vears, wicniic and te haological ac
Livties werg cuupad % ith buth private and governmentat
cfforts to overcone ine progressive degradation of the air.
water, and sl un which wur produstivaty, health, and
safety depend By the end of the dieade, the national
cifort i control poilution and upgrade the uality vt our
envizonment had made suie dmprossise gans Substan
Lad smprovements wule made i urbal concentiations ol
carbon monuxide, sultur doxide. and ttal suspeaded
particulates, the steady deterioration in the quality ol thc
Nation s surface walcts wan slowad, several pubstance
known or suspected 1o by caranogens. were wathdrawn
from permissible use, and substanbal progvess wds thade
in sdentifysing endangered oi throstonsd spros and s
tuking measures o protect thern :

Howeser, i spile of sofms toe sals of bang Wi nogn

'

tive tends 1n the natural ehvsrotanent, we <0 hase sery
jumted hnowledge about wur environt pt. and oo man;
rgapents that lack of knowledpe has limaed vur abiaity 1o
man4ge and protect our resudrees Mo eover 8y on

vironpental problems wross nanonal boundanes i1A), and
the mechanmms for adjusting confhicting cavironmental
mterests ard poorly developed (Section 1-101 Even within
aur own borders. many ensiron. entai preoclems are
showing strong ressstinee o sorentil o or teehanlopn o
contrul As a resalt uany Federal regulatons that Gere
trutnchx»\'lh reberence o maxmum permissible pulltion
slzmdar(ﬁjuhtm( eeparif t avaslable control iechnologe:
have provdn to he far more costly than antiapated and. i
many cases, not gs ctiectve as had been b <d (NRT 1y
Murgover. there 1s a growstg consensus that on balance.
many Federal envaonmental =2 eulations have constraned
sndastrrel snner ol and geonomie growth (Secbons § €

I-E) For the reason. the President iued, on | ebruary 17

-

‘ _ 8

total brosphere will hitve to be pursued

E

v

RIC -

] ’ L

126l gn Lxccutive Order calling for greates precision in
assessing buth the need fur and the putential costs of o
broad Jdass of Federal regulations, induding those de
sigred o protedt the ensironment fom techhological
hazards

Witk an sncrcased emphasts un hationgl coonumi re
ooty atd enhanced industnal annovation, the 1950y
Iikely will witness g more preise focus on trying 1o

anderstand the na.ore of the ks due ) several dasses of

widuly anknowledped p\»tcnlhi unvironmerdal hazards
At the sarne ime, tntans wsl be sought? 1o anachiorate the
cffeats uf thuse hazards in way» that are consistent with a
broa { range of natienal goslsain addsbon to casvironmental
protection The goals odduds, for example . au.caned
ceunumic growth and enctpy serly 'lim.zﬁ;s,, fony range
of ords to deepen our understanding. of the nature of the
High prionty problcms a»woctated with svience and
technuluyy that could bu profitably pursuctt Junng the
next S years anddude mangging atmosphene effeats w,
fonsid fucls, contolbing hazandous and toxie <ubstances,
profecting water ¢ ahity, and mminuzang air pullution

¢
ATMOSPHERIC EFFECTS OF FOSSHL FUELS .

The use of tosad fuels and, espeaially, coad as sources of
encrgy has important anphcations for the environment,
and theng environmental problems may have o be partet
the complex of favions tsed m framing apectfic cnergy-
refated policy devstons Seesnion H By Atmosphernie
cftects vauld be particularis serions

[ CARBONS DIGRIDE FROBEEA

Fhe burming of fossid ToddS o luase s cerhon dioxade (CO
into the atmesphore and Cxacerbates alrcady cxisting

{
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trends toward increased atmospheric concentrations of
that substance Coal use 15 especially problematic, be-
vause woal’s Jow hydrogen-to-carbun ratio leads o the
release of larger amounts ol CO, fur a given ansunt of
heat than other fosal fuels INRC 15)

Fhe previse relationshep between fossl fuel use and
atmosphienie CO, lesels s not yet fully understood. nor s
the range of potential etfccts that increased CO; lescds
mighthave Howcver, signsficantly increased atmosphene
concentrations of CO. could have far ranging con
sequences  For vaample, o doubling of current at
musphenie CO - esds could result i marked Changes in
Larth s chimate, by as much as acveral degrees inson
regions INRC 15y Those inatic changes. inturn, could
have very broad citedts, indluding adverse eticets on the
productisaty of prinic agncultural land and fosding o
coastal areas due to partial melung of polar e Thus,
althvugh there remasns considerableuncertamty about the
prease relationshaps among fossyftuel use. CO. release
into Mhe atmusphere, and consgquent clfects on world
conditsons, there 1s gencral agreement that excessise
burmhg of fossil fuels could be accompanied by the sc-
nows danger of upseting world chimate and ceological
condiions  There as sl constderable uncertanty about
how rates of increase s the atmuosphernc coneentsiation of
CGoare related 1o rates of fossit fuel ombustion, about
global stmospheric uirculavon patterns, and sboutthe rate

-at which CO - can be reabvorbed by vegetation and the

vceans (ENERGY S A high prionty duning the next S
years wijl be to learn more sbout the detads of the (O
problem so that information van be factored Hnto Jong-
range global enerpy and environmentai planninyg
INRC 15, ENERGY)

ALHD PRECIFITATHON

A seeond, more nnmcdate probloin ssswouded with and
exacerbated by, fosal fue! combustion 1+ auid preapita
ton. most treguent!y dentificd a aud raif Rainfall
gencrally sigintly acidic. with o normal pH ot S 6
However, repurts place corteny tanboll pH levelsincortain
parts of the custern halt of the Lnited States at 3 Gto 45
with some reconded Jovels as dow as 10 othar word .
at the acidity level of lemuon jute

The two pnnapal artificial sourees of puwm stoad
ran are oxades of sulfar wnd oxades ol Batr wen, both o
which are produdis of the combustion ab contafmiunants in
contl and bt ENERGY 3 Bingssions of sullug and mitrogen
oxides van react an the atmosphere (o tonm sullunie ar
ngtre acid, which precipitate out with rn of siiow, son
umes hundreds or thogsands of mudes from the ¢mission
source The sad pry up?::lum can have cffects on ish
wrvivisl, forest growth, communitics of gquatic ofpa
misms. bjomass production. survival of amphibian spe
vies, and agncultural yiclds Such effeats are widespread
i eastern North Amenca and the Western Umited States

and are pow recognized as magor problems in Japan and
northern Lurope -

The contrul of auid rain through point source regulation
of stach emissions 1s difficult because sulfur and muregen
uxides do not show up on monstors of ambient con-
centrations of thuse substances, because of long range
transport problems, and because of the incrcasing praciiee
of emtung gases through extremcly tali stacks The Jatter
practice avonds ground lesel concentrations but can lead
to hgh-altitude mixing and chemical transformation,
which complicate accurate svuree tracing " Some progress
is beng made throggh industrial cowssion control eftorts,
but conunucd pativnal and inturnationa) couperatine re
scarch will bu needed on the entification. contrul, and
monstonng of the sources, transport media, chemeeal
tanstormations, and s sonmental and health cHeets of
the oxides of sulfur and nnm{:cn

MANAGING HAZARDOUS AND 1OXI(
SUBSTANCES

The products of the US chemical industry hase $ielded
enormous benefits W society i the form of terthzers
peshades, pharmaceuticals. synthetie fibers, disinled
tants. and & host of other progucts now soutinely used 1
agniculure. industrs, comnterce, and mediane . Along
with those beachits, however, are a aumber of assocate
known or suspected dangers 1o human health and 1o the
ensronment Many chemcals are vita) 10 human syry vl
i jow concentraions, but hughly toxe m mygher con
ceniratons, others are laghly toxic at afl concentrations
Some ase hughly persistent snd do not break down physio-
chepnedlly o degrade biofogically  certam otherwse
harmless chemieals can mteraci to torm hghly 1o
apents, pullute the gmosphete. and contanmnate grout
water supphes iQutiook 1)

Recognitson of the dangers to buman hoadth and the
cos gnnnment s spawncd o sabstanbial beds of lopslation
1o wuntre, Lasarduas and tos substanves . acdudimg the
Tosi Substance Control Act and cultigating in the pas
sage a0 December 19RO of the ( mnprcluunu‘ffmnmn
mental Response, Compensation, and Frabihity At fthe
so-called  Soperfund™ hilly The latter prosides for o
eanap fand for hazardous substance sprlls amid for geu
uzhzing nachive hazatdous waate fisposal aites * Over
the neat S years. additiunal soientific and luhnulnpual
aLtinaty wall b smporiant for learning oo about con
tmng dectgemoy spslls and ttcating, and dispoang of
hazardous wistes

A HGEND Y SPIES

-
Hazardons wastes are By preally thought of as those that are

gnable, corrosive, reacave. of oxic Aboui 15000
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sccidental spills of o1l and hazardous substances are re-
ported annually in the United States (ENVIRON). Whle

-most of these are relatively small. the o5l spiil in the Santa
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Barbara Channel 1n 1969, the 216.000 tons of crude oil
spilled n the English Channel by the Amoco Cadiz m
1978, and the Junc 3. 1979, blowout i Campeche Bay,
Mexico have focused public and governmental attention
on the environmental hazards of ot spills Those kinds ol
spills are a paryeutarly complex problem: they gencrally
affect all aspects of our environment, includiag i, fand,
and water. although not all equally ind for va-ying penods
of time. As & consequience. the problems that spills pres-
ent are extremely diverse.mvolving a muludimensional
matrix of spilied substances, volume spitled. Jocation and
condition of the spill sue, and weather (ENVIRON) Vari-
ous techmyues are cmerging as likely candidates for hand-
ling sprll problems, meluding dispersant agents for of!-

shore spills and new bacterl technologies 1o provide

cleanup agents  However; additional technologies are
nceded over the next § years to detect, continn, clean up,
dnd mitigate the effects of spills of ol and hazardous
substances 1n more cost-effective ways (ENVIRON)

MANALING WASTES

! .
It s estimated thar 45 milion metrie tons of hazardous
wastes are currently generated m the Usfed States i a
year, und those must eventually hind their way 1o disposal
sites, about 2 (40 of which currently smaght be conwdered
sproblem sites” (ENVIRON) The Resource Con
servation and Recovery Act of 1976 (P L 94- S8 1ecop
mized the problems posed by hazardous wasies and recom
mended tnnal remedial approaches Recently, public
attention has focused heavily on the eftciaey of waste
disposal stes as a result of wadely publicrzed madentat
Love Canal, New York, Legler, New Jersey, and Gass
ville, Arkansas Thasg gicidents, m combinaticn with the
need e dispose of v.alc\ i @ sale manner, present a
growing challenge 1n the comming years both for science
and tr “hnology and for pohicymakers responsible for
managsng waste bandhag .

A variety of techatcal apprsiches can be taffen i deal-
g with waste preblems OQne approach is 1o seduce the
quantsiy of certan hazardous wastes preduced or released
at thewr point of ongin A second approich i to find better
means for transporting, stonng, yeatiag, and disposing of
those mdustrial wastes for which no acceptable means of
ghminsbon or reuse has been develuped A thied approach
1 to develop methods to remove and/or recover hazardous
matenals rom waste streams dunng waste disposal opera-
tons (ENVIRON) Although the chotee of strategies ss g0t
solely a matter of science or technology 1t also valves
ceonomie and pohitical factors -scrence and technology
are ntrteate parteol all of those strategies and, therefore,

dare presented wath « mapor ypportunsty to belp sulye saste

dispusal problems ovet the next Syears and beyond

IMPROVING WATER QUAL{EY

Maintainming a high level of water quality in the face of
mcreased water demands 1 a crmeal nattonal problem,
tgh-quality water s needed for personal consumption,
and for industrial, agnicultural, and recreational purposes.
Many of jour water sourees are of less than adequate
quality. dnd although nt has been reporied that the Nation™
surface-water supphes are not dimmishing w quality, they
also are not getung any better, and there s increasing
copeern about the quality of our ground-water supplies
(NRC- 7y Nonctheless, the ek of further deterioration in
the quality of at least the Nation™s surfece waters, in the
face of a rrowing population and expanded cconomic
achivity, 1s a major accomplishment i water pollution
control

The Nation's eftc s to cleanse ity waters were fuctht-
tated by passage of the Federal Witer Pollution Act
Amendments of 1972, which, following cnactment of
addinonal amendments i 1977, became known as the
Clean Water Act That Act called tor a general strategy of
controlling water pollution at sts source, rather than rely-
g simply on cleamng up receving wisters: The technol-
ogy-based umf m national standards approach to con-
tolling municipul and ndustrial point source poliution
now generally expected to achteve murked improvements
1w pamnt source control * However, expenence with that
approach has revealed some previously unanucipated
problems toward which seience and technology elorts
nught be directed  Some of those probien». are discussed
brietly below

PROTECIING GROUND-WATLR QU ALY

The program implemented by the Clean Water Act von
centrated oncleanup of surface waters, there being an
mphait assumption that the Notion's gronnd water was
relatively clean Recent evidence suggests | however, thit
renewnble ground waterswhich s approxunately SO nmes
moft plentiful thun the annual flow of surfie water, s
et vulnerable o contanmation, primandy from haman
&uviies The sources of poflution clude sewage treat-
ment plants, landhlls, and sndusteial waste disposal - Ad
dinonal scientthe and technological information will te
needed ta develop wnd validote eqimpment and tech
nologies tor" samphng and montonng ground-water
quaslity, 1of developing and standardizing sonl per
meability testy for indistnal wastes continming organic
solvents, and for the determination of the toxcnty ol
chencats thit are hkely to contammalT Eround. water
supplies, partiularly synthetic organic Chepncals
(NRC 7. FNVIRON)

CONTROLE ING NONPOINT SOURCES ©F PO THON

Nonpial source pullution, which s the ofige uf more
than balf ol the pollutants that water the Naton s waters, 15
a rosult ol o vaniety of factors, indadimg iwshized agn
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cultural activities, urban storm water runoft. individual
wastewater disposal systems., and arrborne contaratnants
(NRC-7). A morc dctatled discussion of the problem
appears in the Source Volumes (NRC-7) Controlling
nonpoint sources of water pollution s, however, a lar
more complex problem than gontrolhng point sources

CONTROLLING TOXIC POLLLTAN

The 1977 Clean Water Act amendmenis marhed o
milestone 1n the regulation of the industosal water pulle
tic 3 control program. as cmphasts was shafted away from
control of such conventional pollutants as total suspended
solds, tecal cohiform bactena, oil and grease, and phos
phonus toward such toxic poliutants as chlonnated hydro
carbons, sodvents, and heavy metals * Regulations were
1ssued for the control of 65 asses of prienty toxie pulla-
tanis, cstabhshed i the amendments as a result g
consent decree. and the Lovironmental Peotection
Ageney (EPA) has proposed elfluent imutations for nine
nrmary dustries (ENVIRON). In praposing best avini-
able technology ctlucnt initations, LPA incorporated an
“indicatgr strategy.” by which lmstations were placed.
some cades. not on the pnonty pollutants, tor wiuch data
acre ditticult or costly to obtwn, but on “ndicator’
pollutants, which have sumlar physical and chemical
properucs and are responsive to sinular treatment mecha-
nsms Additondl research eftosts will be needed over the
next S years to hil gaps i exsting heaith and ecologal
data to support pmposc(l water gquathiey critena lor prionity
toxic pollutants (ENVIRON)

TREATING POUIU LD WATER

An wlditonal spproach to the water pollation problem s
to trest water ance i has been polluted  Fuebnolugies ai
being descloped that anght asd in the reeovey of pollutad
water, thus potentially allesiating som ol the strans
placed on loal water supplice idiscussed i the natutal
resourLes section of tis Jhapten and providing dor g
healthier enswronment Some progress has alicady bon
made. tor example, in desabinabing watus (i ateas of
ground-water uvcr-h'uh tAMR U Hosescer, many wom
ventional and new technalagios for teathgg pollated watee
are heghly expensive and energy ancthicent Addiianal
woncerted wultidieaphinary cttorts sl at dovcloping
better techniques both tor omtonng the lesel of con

-2
taminants 1n the water supply and tor treating podluted
water will be needed in the neat S sears (NRC 7,
ENVIRON)

COMBATING AIR POLLUTION

One aspeet of wr polluton—the atmosphene eftects re-
sulting from the continued use of fossil fuclss an energy
source—-has already been discussed in this seetion

However, there are many other sources of air pollution that
will require attention duning the coming years: The sub

stantial cffort to cean ap the Natwon™s air starting in the
1960y aad stimulated by the Clean \r At amendments of
1970 and subscquent amendments, has made impressive
gains Of the five “entena an poilutants™ now routinely
momtosed: sultur dioxade (SO ) mitrogen dioxade
(NO.). catbon monoxude (CO), ozane, and total sus

pended particulates (TSP)  three (CO. SO . and TSP
have been lowercd natonally, while wzone coneentrations
have remaned stable Oxides of mtrogen. on the other

hand. rensn at agh levels
According to @ vinety of experts, attention duning the

commg years will need to be ncreasingly locused on
health related aspects of @rbame pollutanis, particularty
on airborne caraainogens (ENVIRON) Contunuing re-
search wall be needed on the health and envitonmental
cftects of oxidants, pases. and particles, as well as onthe
above mentioned etfeuts of tosssh {uels combustion Over
the pext S years, addtional etforts will be nreeded to
chanuctenze toxae vigame cheimcals and thewr at-
mosphenie tates, 1o deternune the extent of haman ex-
posure to those chenieals, and to quantity the relation-
ships of those chenmicals to respiratory infections, asthms,
emphysema, acurological disorders. and other diseines

Duning the past yeats. increased atteation has abw
focused onadoot s quality, o mattcr ot sncreasing pubin
CUNLCIT ds GILEEY culaus salioll Mcasures improve hods
hold msulation and reduce ventilstion Contimang studics
will be needed of the hualth cticdts of ancreased indour
cutice itrations of carbun monesade and mtrogen drode,
as well as the health effects ol greater oxposure o the
furmaldehy de common n tosm insolation, fesns, turm
ture, carpets, and drapes  Suentitic advances will be
needud to torm a base from wlich adegaate and appropn
ate strategies. buth teshnologieal and nontechnological,
fon combating ai polluion and mustmang ds cets
might be developed

4
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H. Transportation

Mobility s a gt deeply imbedded in the national charae
ter of the Umited States 1t has been o mapur teature ot
Amencan soctal and ceonomie cultare sinee the iounding
of the Nation. As the Lnited States grew and develuped,
mutility became institutivnahzed into vur way ol hife by
the nterplay of socal, pohitical, ceawnue, and tech
nulugical forees. Two centanies of doselupnnent resaltel
I a4 natonal transportation system that s aeeessible,
lexable., and sufficienily cihaerttocome within i reach
of and be used by virtually every atizen

Improving the mobility of people and products was the
overnding goal for trunsportation through the first halt of
the céhitury, and, unul the 19705, the magor sssues m
trunsportation were dominated solely by that goal Dunng
the 19705, howeser, the pnmary sssaes snfted Cencerns

. about the cedas of Tucl, the soual and cnvitonmental

mipacts of transportation, and satety began to be traded
off aganst the ubjective ut sumply increassyg mobalsty
the 1980s, addional problems will be added o thase of
the 19705 Sumie of the problems wall stem from giowing
internationsl competition an the manutacture of auto
mobiles and reratt, some will come trom mternatianal
campetiion in treight transport, and some wili conie trom
current changes in the role of travsportation in the hile vl
Amencans (NRC 161 All of those concenis present -
jor challenges tor the institutions associated with transpor-
tatien i Amenes, and sctenive and, partictlarly. e hnot-
oy will contrmbute to mecting those chatlenges dunng the
halance of the century

This sechion ocuses on three interrelated transportation
problenss that can be signeficantly attected by saieree and
technology A tourth area of concern, the mtemationat
compeitne position ol Ameacan transportation sndus
tnes, shares problems and opportumties wath other sa
cnce- and techaology -based mdustnies aod, theretore,
discussed gensncally mSections | Band E D and i more
detwil in the apperaed Senrce Vobunedo (NRU 1Y,
NRC -16, AAAS- 20 TRANS) The three problens 1o be
divcensed here are the need 1o mieet the Nation s transpor-
tstion requiremients as they expand oser the comng years,
the need to respond to increasing” constonnits on liguid
petrofeum as an’incvpennive and readily available encrgey
souree, and the need o accompish those goals soile
icressing trunsporiation sately

1t should be emphasized that the Amesican tramsporta
fron sy stem is an Lact mudismodal, and the 106 s stem v i
some senses greater than the som ol its parts - Fhat means
thit choosing among sltermate strategies to resofve prab.
Jems —whether those strategies are techmeal, egal. or
soctal in natyre  erqueres §o appreciaton tor and consid-
eration of the comples uipractions among the sanous
transportation modes, while sull recognizing the salues
and proble. s umque to cac b INRC 161 Jorexample, the
advent of hghtweght, energy-cltcient anjontobiies has

[

alrcady had positine effects i reduaing encrgy requan

ments Addinonal energy ehincienuies could tesult fronan
incrcase in e payloads Bat, carrying hoas it payloads
inereases weat and teat on the lughway system, moch ol
which glready s i need of repa, and it o not Cear tha
hightweight automobnles can tolerate extended use vn de

tenwrated roadway s, Therefore, rehambitation of ach ol
the US lughway system wsing improved matenals may
be reguired before those two strategies Tor aicrcasing
chergy ethicency can reach ther tull potentig (TRANS).

DEALING WITH INCREASED CAPACITY
REQUIREMENTS

Allcstimates sndicate that tras yartation capac ity ragune
ments will continue to grow an the comig years, althuugh
that growth s oxpectad to be slower during the iest of the
centary than i the mmedaate past. That growth, coupled
with a sanedy of constraiats, indluding bnitahions un
ANV IRE Capantlies Sod the need to imerease tanspartaion
safedy, tegquites the applaabior o lew saeiue and tech
ntlogy dusclopiionts to the U8 transpurtatiom system

ENPECIATIONS OF TRANSPORTAVON N EHDS

In 1975, pas enger stnsportation between anes m the
United States amonnted t 1,352 alhon passenger mules.
ar over 6000 amdes tor every man, wonun amd cnfd
Intercity movement ol goods wotaled 2,066 illion ton
miles, averggang almost JQAKKY wn miles per person !
When all trasportation s indinded, both between citres
and within oitses. the averages tor 1975 came to 12480
passenger mides per person and 15 (K ton migles per per
soi, totalmg 2568 bithon passenger nules and 3,275
bitieon ton nudes  That demand s expetied to grow Ac
cording to one set of estimates ¢ Lables Taml 23 mthe sear
2000 there will be 5,008 hdbion passenger nnles of trasel
and 5,550 bidlon ton smiles of dreyght transportanon. Fhat
would be an averape annuad morease of 2 07 pereent in

Caggregnte passenger trasel amd o | 8Y [x‘ﬁcm MY RIVY

annual increase tor total teeseht ranspottation. Asamnng

Litic 1 Ponwnpos Mhites frascbnd
aun athonny
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Table 2 Preght Haulage
(n billon -ton mulesy
MODE 978 198S 10 AXn?
Highway * <34 EAL W6 (IM I
Air - ? 12 s Q0
Rl =32 12 1237 1SS0
\Waler 1T 1,451 1 w7 1 e
Pipetine A Lov? [RAJ) 1AM
Total LIRSS 4442 4026 5 4%

Y Avsumes comncrnal snd goseinment seticles exclades personal
truchs

Source B E Knore amd Mananne Mitler Pregecatons of Direat bners
Cemsumption ty Moste 197 2000 Basenn ANLUNSY 4 Aqenn
W Argonne Natonal Laborsions 1979

a US populanon ot 250 qulhion, the per capits avevage
wuould be 20,000 passenger nules and almost 21,000 ton:
mules Under that svsumpniois, the average anaval increase
10 per capita passenger transportation capabihity between
1975 and 2000 would-have to be about 2 percent and that
for freaght transportation about 14y percent over the neat
20 years (NRC-161 Thus, wiule transporation s ¢y
pected to continue 1o grow on afper capita basis, that
growth s expected o be stower dunng the rest of the
centary than 1o the unmediate past

Alicrnanves 1o increased transportation capaaaty do
cust Increased decentrahization of production into siall-
er, more self-rehant commumties o one such aliermatve
for reducing derand. thus decreasing capicity problenn,
and that posstbihity would be taolitated by evpandig
commumestions capabihities (Quelood 1) But, since such
changes are accomplished slowly and are measured m
mulnples of decades, transportation denunds wiil almost
certainly continue to grow dunng the rest ol the century

.

DEFVING WIFR G PAUITY I TATIONS

In the tace o ¢ need for moreased ansportation capacity,
W abo s hkcl\ that the entsre LS transportation systems
will sncountenng hincreasing hiuts on s carrying
capacity dunn}. the next S years For example, the tugh
way syl i already showing sigas ot weat (Outleok 1y
Programs lor pavement m\uﬂu»mg.,. restorsion, e
hatshtation. and brdge replacement hase the potennial to
stem the problem  Boweser, vosts will be substantial,
pactularly becasise we are faggmg so tar betund 0 main
tenanee t TRANSS tronically, the situation has beenesn
crbuted by our success mamproving the tuel cconomy of
motor vehicles, since ther ncreased use bas led 0 g
decrease 1n lighway mamienoence tunds derved from tucd
fiaxes

Development of paving substitutes from nonpetroleum
denvatives that wall be competinve with asphalt and port
land cement s a key arca where research and development
can contiibute to highway improvement ard mantenanyc
In addiison. techiiologies for detecting highway flaws are
a preventive altemative (hat could reduce maintenpnce

costs and help relieve capacity constrinnts on the highway
systems that are ¢ue to fastures and repar and mamte-
nance outages (TRANS).

increastng lighway o ongestion 1s another senious con-
cern. Currencly avaia®le control technologies can deal
eficctively with low concentrziion flows of ignway traf-
fic, but tagh-density congestion remains a problede. Alter-
naigves are emering, however, that could extes  our
capability to cowrob nghway congestion Gne is the
cmarging techn gy of ramp metenng signalizaton for
h:ghways n the much longer term, more general automa-
non of nghway trave! may become an effestive flow
wntrol prcedure both for reduciig congestion and for
unproving salety ’

Awr trinsportation wall also tace increasiag capaciy
problems dur, ag 2he next several years @ traffic growth
begins to rezch mrpost capacity (NRC-16) Tae problem
has been averted so far with she development of larger
areraft, but that approachs neanng uz bt One alterna-
nve solution s provided by cumrent developments in ad
vanced me traftic control, wich wall nnpl‘mm the produc-
tvity of the U S commercial air transport system
ONKC 16, TRANS?

The suceess of vanous future energy strategies tor the

Untted States (see Section 11-2, will require substantial
moditications i the capanity of transpartaon systems to
move energy sourees In particufar of the use of coal i to
be greatly expanded——bath for direct ase and as a souree
of syathenc {uelv—t=iprovements will be required n s

distnbution modes At present, ril. water barge, and

trucking handle 63 percent, § percent, and 32 pereent of
the coal traific 10 the Unsted States, respectively, wath
other modes accounting for only 3 percent (The remamn-
ing 11 percent af the coal is used for onsite power geuera-
ton at nunes ) Analysts beheve that of those three trans-
portation modes, raroads offer the best combination of
flexibiiity and cost tor domestic tramsportation. Anticy-
pated needs for the net decade will, however, rrquire a
good deal of expansion i the carnyang capacity of oul
roads m the West, and au expansion as pell as an ovenall
wproscment i the quahty of radroads w the bast Tie
use of slurry pipehines, 10 winch creshed coal mixed with
water 1s varned, offers an ccononncally attrachive altema
tive for rail transport for distanees up to 3060 or SO0 mles
Avatlable water may be a himting tactor. however, par
tulardy in the Rochy Mountain West Meanwlile, ©
scarh » proceeding on the flow behavior of the coal-
water nixture (ENERGY)

The morement of coal also requires trathic lows on the
U'S wateray system. which is constnuned by capaenty
lutats In purticular, our port systems are currently unabie
v handic the storing and toading of the volume of coal
destinedyfor wean transport That s 4 particuliasly.imper
tant coneem for the future, sinee the United States, with
an estimated 30 pereent of tuc world's coal resenves, could
gan considerable trade advartage as i oxporter of coal
(NRC-16, TRANS‘L) s}
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Eapanded use ot natuzal gas s an attractine short term
alternative to ol 1a somie ar sications, and prospedts tan
creased domestie prxductepn 0 the lower 48 States
duning the next decade are considered reasonable (Section
I B Those supplics Lould be augmented by trans
weanie imports of hiquehed patural gas. which s,
however, highly lamiaable and could thus constitute g
hazard gt storage sites, processng tachties, and ports In
1950, the Department ot Transportation issued proposed
regulations on the design, siting, construction. upetation,
and mantenance of hguetied natural gas pipelines and
taciliies (ASTR f1h, and rescarch anmed at facthaating
transportation safety wall be a continnng prionty for the
neat § vears (ENERTGY)

IMPROVING TRANSPORTATION PLREORMANCL

Given progected needs forinereased transportation <apisc -
Ly, coupled with te maor constrants of projected des
crewsed avarlabihity of comventional L nergy sodrces
tSecaon 11-E), major changes will be needed in the
vharactenstics of transportation vetucles I the short
term, thae will be a aced to continie to increase the
cthaeney of energy use In the fong term, engines tor
transpert sehicles will have 1o be redevigned to secept the
vanety of tucls that wall make up future cnergy sources,
and they may have to be able to function on mises of tugl
INRC 163 Progress has already been made toward the
tormer goat and wall surely continue dunng the pet S
ean

INCRE AMNG ESNEROY HREICRENOY

fransportation acoounts tor about 28 percent of natonal
energy consumplion and about 3 pereent of petroleun,
feet use” Thun, the mast immediate requirenicat tor o

provenct: il ng//\ln ol transportation s i reasing
cocrgy ¢itoienay By 1955 the greatestencrey elftcicney
IMprovements 1 CWpeuivd o tuur in automuobiles and
commeraal areratt Sea tochnolagics that reduce séhy

Jeoweght e cvample sabstituting hghtweight com
posite: matenals tor heavier alloys €8Sy ad that 1m

prove engine clicicnaies can fead o a doubhing of the
caeryy cihoienacs of those modes over N'.’j periorm

ance Inaddition, new \“ic Jossgns can greatly s tuct
ctiivienay (NRC 16 NSy Besond 1988, vanous vptions
are poswble Forevample. the potential exists tor deelop

e and widespread wae of . two passenges, automebsle

which. onaneneryy per passeager nnle bases can mestor
exceed the ethaenaes of either bus or rl passenger
transport  Addizonally, emenuing new technojogies are
expected toancreine the tuel ethoeney of wircratt -such
s advanced Wido prop engines and new technoluges for
lavmnar flow contsol (NRC 16y

Conventional gasohne and dicsed etiganes are cypectad:

, W be omproved in ethoeney beygnd 1985, but. in adds

N
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ton, there s extensive rescarch directed tosard the com
meraal develupment of altemmatives to the consentional
internal combustion engine (NRC 165, For example, both
gay ' thane and Stihing engines are recciving emphasis,
and suceess i those efforts could lead 0 9 wgmiticant
increase n fuel efficency over that of the best projected
1984 intemal combustion cnine (ENERGY ) The sys
tems nght be avanlable duimg the 1990s, o shoald be
cmphasized. however, that tull seale deawonstratoon ol
automobiles wath the new types of engines has nui yet
oveurred, and that the capitaie ation o s reguind to
mass produce such new cars would be enormous
(NRC -16)

PREPARING FOR FUEL SUBSTUL TION

Of cumparable importance (0 nmproved energy efliciency
Jdunng the neat § ye ars are technologies .. ¢ the production
of new ponpetro’' — m fuels: The development of markefa-
ble technologier “or extracning gasahme and diesel fuel
from o1l shale arcd for producing them as svathetie hquds
from coal s well anuer way Technology 10 produce
wethanol from coal for use ininternal combustior engines
inawmilar state Lignd tuels from biemiass are another
possible, although moit haited, resodree However,
while those resourcey promise o provide the United
States wath transpozaatiog fuels tor yean to come., they
will have hitle impact on our iotal needs for at least
another decade (Section 1-E)

Research hay ajso Been imtiated on new batienes that
would greatdy inerease the energy density ef present lead-
aad battenies The latter provide very itnnted pertonn.
anee and are very expenwve, and development of -
proved storage devices would provide the potentiat 1o use
electieal energy penerated from nonpetroleum soutees as
a myjor ransportation eaerg) supphy (NRC 1oy Fusiher-
mure, the possbility eusts that buses and trackhs, as well
o automobiles, could be supphed encrgy by electaony
One posstihity currently bang explored is the transter of
power through magnetn flux trom cabtes lad in highway
pavement and requinng nd contact between the madway
and the sehicle Protots pe eapeniments wath that technol-
ugy are mw an progress (TRANSE As the price of pe-
troleun continues to mase such altermatives as those, and
uthers to be developesd, muy be able to il g sigmbieant
portion ot the tucl requirements tor transportabog amd,
thereby, relieve some of the pressures vn the Amencan
sk tal and cconomie systems However. tew if any ot the
desclopments are hhey o reach trugion unnl well beyond
1985, although Substantial progress should be evident by
then

IMPRON ING TRANSPORTATION SARETY

The currenr U S-stransportation netwark v enomsons
A
Amerivans own dwire thaa 100 aullion autamotalos
trasel over neardy 3 nulhan oules o roads Schedubad
!
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awchnes transpore more thun 300 mulhan passengens as
nually” The U.S. i system s the Lagest m the world,
with more than 300,000 nules of track. It1s projected that
in the ghway mode alone, however, more than 50.000
Amencans will die i trutie acadents m 1981 Addi-
nenally, white motor wehicle tatalities account for the
largest poriion of transportation-related deaths, there also
are losses due to air, ral, and water acadents tTRANS)

In choosing among vptions fof future wuprovements in
the transportation system, implicaton’ for safety wall
have o be one of the major undertying considerations
The satety ot mdividuar technologies can be assessed
through a varety of saentiic and technologial means.
and there will be increased needs tor those Kinds ot
assessments n the cortg years ITRANS) (see also See-
tion |-k

1t » worth noting that most tee hnuluyual etl
focused on posterash sun nability and W{iﬁm
rather than on accident prevention ASThe United States
moves toward increased use of smaifer vehucles, such
srategtes will become more costdy and less effectne A
good deal of itormmation relatine to automotive safety
gains could come trom human behavios studies
{NRC -161 Addinonally, two technologically onented op-
tiens now being exptored pnmanly tor nonhighway trans-
portztion that abo could have tanttul impheations tor
astomwobile trathe satety are desenbed below

The mnovainve use o radwonavigation, radiolsation.
radioCOMMUNICaton., and COMPULEr systems provides vp-
portumities tor improving both the satety and the

THU FIVE-YEAR O TLOON

efficiency of air and water wransportation by expanding the
capabilities of and impros ing access to sopiusticated navi-
gation, warming, and traffic control systems  For example.
with anticipated ncreases in Qi an. water rathic, systems
to provide both for specific coverage in nghly developed
geographical areas and for wide arca coverage will be
needed. Additionally, new deselopments an clectrome
commumeations and computer necroprocessor technol-
ogy ar. lowenng the costs of and facihitating improve-
ments in advance sarnmg systems New radar tech-
nologies seon.will provide dramistic improvements
capabilities for detecting and vsuing wamings about -
vere weather conditions and wal! abso provide wproved
weather information tor arr tratfic and surtace vessel con
trol (TRANS)

The convergence of computer and communiciations
technologies may abso provude opportumties tor transpor
tation safety unprosements through automation Some
expenence with such automated systems s .xlrc.ub avand
able in mass transit and af iaiite control, Huaan oper-
tors cannot, however, be entirely channated from any
control sy stem, be 1t related to transportation. manutactur
ng. or power pl.:m operation Indeed. the trmng and
Kills required of human operatons increase as control
swatems become more sophisticated  Thetetoere. human
tactons research to provide a better undentanding about
the wterface between humans and machines may be ore of
the most important needs related ta transpostation satety
iTRANS)
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I. Agniculture .
The U S -gnuultural enterprise 1s o Bujol wontabutor to
the cconoimic and sociad welt-beng of testh this country
and the world =t vurrently provides tood tor more people
" thanever betore, while employing weonstantly decreasing
propurtion of the labor force For example. cach Amer-
wan farmer now produces enough teod tor tanelfos
henell and S¥ other people. 2 sigmireant nae trom 29
970 and ust 00 RO EAAAS 8 Inadditon. Amenan

.

agn ulmul\puxiuus are d manstay of the tood supplies of
many other cauntnes Int .t exports of apnicultusal prod-
ucts comtitute over 20 porcent of the total value of Amer-
tan exports, & sitdaton that has clear short tem benehis
ey Howeser, the capacity of the Amencan agrcultural
enterprise s hamted There could be long term problems
assowiated wath the wosld s dependence  and our own

on Amencan agncultural exports. including overenploita
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tton of domestie land, water, nuneral, and cnergy re-
sources and rising domestic tood ppees Therefore. in the
long term. LS. interests may be bestserved by increaming
the worldwide distnibution of tood production activities,
as well as by increasiag the total productivity ot world
agneulture (AAAS-8; [A)

The agncultural enterprise. ke many other areas o
Amencan hfe. s currently facing some sigmihicant prob-
tems, and the appropriate development and application of
science and technology capabihinies to those problems will
be crucial The most cntieal problems may be nagn
cultuzal productivity While the productivity of agneul
ture has been mereasing both in the Unuted States and m
other countries 4t a very tigh rate for the last halt century
the rate of increase has recently begun to slow suggesting
that productivity creases could reach o platesu
(AAAS-S. Owelook 1 At the same timie, populalmn'prcs-
sures. amony other factors, will continue to place eser
wnereasing demands on worldwide foed supplies (NRC-1.
AAAS-S, AAAS-D

To some analysts, the slowing rate of agricultural
productinity growth suggests that current Western
agncuktural approaches. involsing encrgy intenstve but
labor-saving technologtes. may be reaching the pont of
J minishing returns, and new approaches o agneultural
eadeavors noed to be contemplated (AAAS §) Con
tnued fitention to the deselopment and implementstioi. of
a wide franety of new technologies. coupled with consid
cr.mmj‘ of the soctal and ceonomic aspects of the agn
cultural enterprise, will be needed over the next S yeans te
permit the, continued growth of Amencan agncultural
pmdu-.lm('_\ What tolluws are discussions of three as
pmpl;/{l tht agneultural enterprise that contain special
uppoftumties for suence and technology to facilitate agn
cultural productinaty growth They concern (1) the input
resources needed to support agriculture, 21 patential
changes 1 weop yiclds, and (31 postharvest treatments
The hnal ;i of thiv section cmphasizes interactions
between the agneuliu al enterpase and ather sectors of
woeiety

Butore discussig the opportunttes snd needs for o
entific wnd technologeeal deselopnient. it shoutd be men
toned that changes i agnshursl approaches abways
Weeobve tradeotts, of vanous ways of cambiming input and
output factars Asn the bro fmy of plants and anumals
where an increase 10 one characterstic such as hardiness
typrcally v compensaied tor by decreases i another
charactenstic. such as vield, so thé practice of agniculture
trades ol labor demands agasrd demands tor uther e
nirces, such as enerpy, water, teitifizers, and pesticides
The tradeoits may be 1n phystedd teron such as hiats on
real ternourees. ur they may be ip cconomie s, suchas
prce diftercatials  Thus, torcvample. wateq amy be g
lutely unavanfable 10 <oe ccumstances, but i other
cave it may only be very costly Inomany cases. it s at

1

%)

. v

absulute hinnts but economic tactors that constram ags-
cultural production tAAAS §) Productivaty is detwed as
“output per land amit, per time umt, per costumt.” and o
van be mnfuenved sigmbieantly by technologscal practices
that attect any one of all of those components

ENSURING ADEQUATE RESOURCES +OR THE
AGRICULTURAL ENTERRRISE

One important set ot problems and dpputtumitics convems
the inputs to of resoursesfot the agncoltural i o, grown

g prvess Although there is a wide varsety of inputs to
agnculture, three are diredtly related to saence and tech

nolugy They are land resources. wates resaurees, and the
supply ot nutrients aeeded to sustan plant growth

CONSTRAINTS ON THE AV ABHIETY OF 1AND

The most basic of all resources for the agneultural enter-
prse s fand. and unless there are some truly rdolutonasy
changes in development poliaes and agncultural ap

nroaches, land avalatality will e o maor hinuting factor
o agrcultural products ity Jor decades As land becanes
mereasingly saluable tor other purposes. agnicultural gy

tivatres fend (o be pushed toward ess productne land

That phenomenon s moss stohing n the industrializad
wounines, but it s also begmming o be telt wathanercasing
seyenty in the third world o Thus, the use ot less than

exs Jnd Jonenng the return even Turther e addition. the
use ol pocand lor apfeulture puts o high stesn on tiat
tand, feading 1o very rapid soad degencration and crosion
Cropping practives that rady onhieany use of matw aliure.
Jiemicals, end heavy machimery reduce the tartidity and
nith ol the soil even toriher One way fo counteradt Je
creased adequacy it the sail s thtough o vaticty ol sl
consenation practives  However, the technngues of sl
consenvation, while genetally undersiosd, are sttt nd
practiced extersively csen n the U mted States 1AGRS
Encourging sord consessation 1 one approach through
which prompt pobicy atteation might be highly cHecting
wser the next e years Other sssues concermed wath land
resources, particalardy the problems assocated sath de
forestation, are discussed i the Satural Bosouts seation
ut tus chapter \

THE PROBEI A o WRHTR REAMA R ES

The avastabibity of water may plove to be an cyen more
severe hting factor s the development of agricufture m
conung veass (AAAS Ri Inthe United States, X8 88
pereent of total fresh water ave s Tor agniculturg thy
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wontrast, the production ol fuad consunies only about 3
pereent of the total energy used; (AAAS 8, ASTR 1D
The issues of general water resuurce avadability and satet
ywahity preservation are discussed in the Natural Re-
sources and the Environment sections of thus chapter,
respectively, huwever, sume paints shuuld be reterated
here

Water as a resoutee as oniremely vanabic asts Jistnibu
ton and aimust impussible to tanster ceononinally vies
large distances Moreover, water is a partieularly
unpsedictable resvuree . In much of the world. ranfall o
never “normat.” but wanes greatly from yoa to yeat
Thus, a large burden un the agneultutal sysion w ta
wvereume sume of the ups andgowns in watce asalabilily.
aind the fraditivnal approech has been to move water from
place to olave, such as wnoarngativn Tha techngue,
howescy, can be very labor :ntensine. 4t consumes enegy.
and it can reduce bath the quality and the gaantity of wates
resuurees duwnstream Theretore, water mcicute o> g
less than uptimal suiutain *u water shuftage problems

Several rescarch directions arg beng fullowed i an
aitempt to provide altemative: mechanisms fur dealing
with the watet constrasnt on agnicultural productn ity For
example, ficl developnreats in wrsgation, particulurly in
improving: the efficient use of water through such tech-
nigues s drip ungstios, tnng improvenients. and use of
such alternate energy sources & the sun and ind o power
wngation systems hase much promise Reseatch s alsa
berng punsued inimproving the efiaeney of desalingtion

and developing plant spevies that can be grown in ugh .

saline water, thus cxpanding the poteatial for the v of
morcasmgly brackish water supphics and dite i use of seu
water Cunsiderable progress in thoss areas iy evpedted
over the neat S yeans (AGRY

PRON SDING ADEQU AT ANMOE N TS v SUTRIENTS FUR
¢ ROP HROM TR

The problem of nutzient supplies tor agneulture, both
through natural and synthetis tectihizers, s particularly

ontical, nt only in this country but in many doceloping

wntnies The move of sgrnultuee trom pome band te less
desatable land, as noted carlics, sequires suppicmenting
nutnent fesels to compensate t the rduced leveds of
natucal supphes wn the less th desirable land Bt the
prixduction of artiicsst tertthzci s i absu subjesd to trade
ulls The primay souice ul mitrogen used an the Uited
States to produce fertilizer s natural gas. Asenergy prives
nise further, so will agrultural pradoection costs More
over. the Jug tesmn dfiedts of antensive sehance oi s
theti fertihzers are unhouwn, particulutly a0 the paaa
suils rechaimied Hrom Gupieal tarets tor apnceiturst ase
(NRC-5, ASTR 11D )
Suienufic and technuhacal advances can hase signity-
vant umpacty un the prablems of provading adeyuate nu
trients to support plant gnnsth Rescarch is proveeding tn

several lesels On what has been called the macnrdesel,
expenments with multiple crupping. reeyeang of agn
celtural waste products, ordomse farnung, and othes
changes in cultivation practice rg e N SOME sy Css
tAGR. ASTR-1II. ! ) :

On the micro fevel, rescanch in nutnient Sweles s
propress  When erosysteris ane disturbed. so too are the
halances amuong nuttients that are shared thruughout the
foud chamn. Plants vary significantly an the relatise off
vieney of ther nutnent intahe processes, and an under-
standing of the facturs that maac for greater cffivien. . m
nutnient uptake 1s just starting to cmerge That hind ol
rescarch provides an upportcmity tor the esentual sclew-
tive breeding of plants that can absurb and process much
greater voiumes of nutrients trom e same basie souree.
Llnmatcly. sescarchinto mutuelly boneticial selationships
among plants, such as thuse that cust beiween e and
wertain types of algac., may wiprose the cfhcieney of plant
nutftion sigNifivantiy. thus smproving yiclds withvut in
wrcasing the busie nuteend snvestindt reguired «8NRC 5)
Thuse and winular ks of rescarch present .. qur upgar-
twnitics fuf adsanees in sopplomenting nute .+ Natural
supplites diniagh N

INCREASING PRGOUCT YIELDS

The coarene of current and stentially dcrcasing con-
strznts - g the asadatality of resources tor agragiture s
vause fof concern about the sbiliny toncrease agricultural
prowductivaity tu the lesels required 10 e future Making
optimal use ul available resourees o une approach to
increasing productinty i the face of the problems An-
vther approach s 1o ancrease ghe yield o agncultural
products grown aader the resource-constramed conde
tons, and thatinurease wan be acy umplv(\hcil masanety ol
wars

CALTERING PEANT AND ANIMAL NTRAINS

Seientfic and techolugical advamees o feeent e shane
upedtad g range of oppurtunitios fur improsing crop strans
and crup versattiy While selectine breeding of agn
wilturally usctul species is almost as old as humen o
hzaton, recent doevddepments an mulecular, geactic, and
Jesclupmental brodugy have unprosed seentisty” ability
v understand huw plants and animals funchion and grow
Therefore, there 1s the putential to engancer . wre deliber
ately turther changes in the charactenstios of plants and
ammals The oppurtunity s partly the reaalt o new de
selupments in fundamental kaowledge. parthy the result
uf such new manipulation technadugics as feeomtunant
DNA and gene sphicing One particuliely promising area
tor development s the vcation of plants that can iy
nitrogen biolagieatly, wtlier by theprichies of wath the aid
ol symbiotic bactena anstead W sehying on Bonically
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= fixed mtrogen. either natural or synthetic (NRC—]']) An-
.other is the possibility of developing synthetic versions of
natural **growth regulators™ that could speed the develop-
ment of plants and animals. Changing the rates of de-
velopment nught shorten the ime.required for acrop to be

. ready for market. thereby increasing yields (AGR).

‘ The culttvation of ammal species 1s potentially as sig-
nificant ag the caltivation of plants. While it is-sometimes
asserted that ammal qulture 1s less efficicnt than piant

- _culture.1fi meeting total nutnitional demand, nearly two
thirds of the world’s agricultural land 15 1)) pasture or range
suitable for animals, and 60 percent of that land would not
support the cultivation of plants (AAAS 8). Again. ad-
vances in scientific tuchmquus, pdrtlcularly in genetic
Lngmecrmg and embryologlcal research. are now making
‘and pronns; to contirjue to make significant contributions
to increasing the cffectiveness and efficiency of animal

;’ husbandry (AAAS-8; AGR).

-

z ”

CONTROLLING PESTS
Beni

In addition;to developing new or modified agriculturally
-relevant plant and animal strains. controlling agnculturdl ‘
pests is a mechanism that can be invoked to increase
product yiclds. The control of pests, whether they are
pjlant animal or microbial, is a critical aspect of the'
éfficiency of agriculture. It is estimated that 30-40 percent
of ihe world’s crops are lost to disease between plantmg
and harvest, and ancther'10 percent is lost in posthdnut
storage due «. pests (NRC-6). Again, scientific and t;cl]
nological zdvances can help on several levels. On the
. epidemiological level. sophisticated analytical method-
i ologies are being used tounderstand patterns of the spread
* of disease and the nature of biological susceptibility. G)n '
the farm level, integrated pest managemert (IPM) is galn-
ing inuse. IPM involves fitting together information abd ut
the biology of pests, the environment, and the status oft
host t0-obtain-maximal results from the application-  Of
biological (natural enemies, parasites, and predators) an
chemical control methods. The technique not only re
duces the load on the environment from pesticides, but is\
also cost-efféctive (NRC-6). )
" One approach used in IPM involves the selective use of
*‘multilines,”” s¢lectively bred variations of plants that are
similar in yicld but different in their relative resistance to
diverse pcsts Thc tendency in selective breeding, par-
ticularly of - plant species, traditionally has been toward.
seeking grca:er»geneuc uniformity, standardizing yields
but increasing the susceptibility-to pests. However, there
1s no antibody response to infection in plants; disease
resistance is-purely an inherited trait-and can only bé
conveyed ‘genetically. Therefore, developing multilines
can be used to slow the spread of such infections as wheat
: rust by.decreasing the proportion of plants in a given arca
that are susceptible to particular varieties of the disease.
The discase problem vali never be completely solved,
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disease spread appears to vary accordma to the natural
resistance offcrcd by hosts and is continually chdngmg
but, it can be contralied. Thus, constant atténtion to plant
disease spread is needed (NRC-6). In providing that atten-
tion, however. it should be remembered that natural epi-
démics almost never occur; major piant diseases are the
result of human transfer of-plants froim one biosystem to
another. Therefore, understanding the nature of the sys-
tematic relationships of plants to their environments is.a
major aspect of the control of a;,.ncultuml pests and will
require additional acuvn}y in the coming years (NRC-6)

-

PR!’:W‘\RI:\G FOR CLIMATI _AND LNVIRONMLNTAL

‘Environmental stresses other than pests and predators also
threaten agricultural yiclds. Thére 15 no.doubt that the
world 15 undergom;= some significant changes- m{mmuc
patteras. although' the direction/in which thos¢ changes

arc tending and the-causcs, _/wheth(.r, they are natural or

human induced, are still open to debate. The immediate
effects are to upset patterns of:cultivation by changing
rainfall levels, temperature, dnd nutrlent supph‘s Those
changes in wrn altér yield patterns and thus, aspects of
the interrelationships of agricultural products. such as the
availability. of animal feeds. Work contipues on us'n5
genetic engineering techniques to “climafe-proof™ plants
and animals. improving their ability to withstand environ-

ental stresses. That approach could-not,only reduce the
exposure of piants and animals to normal hazards, but
coqld also cxpand the range of lands in which cultivation
is possible (AGR).

In the long term, the effects of climatic changes may be
even|more dramatic than they are currently. For example.
continued burning of fossil fuels and the conversion of
tropical forest to agriculture, as discussed in the Natural
Resources ssection of this chapter, is likely to have major
effects on carbon dioxide levels in the atmospherc
(NRC-5). Such other stresses as pollution, particularly
the “*acid rain™ that results from the use of fossil fuels
affect the biosphere and hence agriculture in key ways
(AGR: ENVIRON). Much remains to be learned abouf
precisely what the effects of such stresses and changes on
agriculture are likely to be and how they might be allevi-
ated. The lack of knowledge raises the need for additional
scientific and technological efforts directed toward, first,
identifying the potential problems and, second, devising
counteractive measures.

GETTING A(;Rl(,ULTbRAl, PRODUCTS TO
MARKET

A major but generally disregarded aspect of efficiency in
agriculture is the processing and distribution system
Postharvest losses in the United States cost an estimated
$30 bllhon annually, and in some developmz, countneq
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# This section be% by noting that agmulture is charac-

' terized by tradeoffs at all levels. Those tradeoffs go
beyond agriculture, frequently there are global tradeuffs

. ‘between-the agricultural system and other societal ac-
h _ tivities. Competition for such resources as land. water.

76 THE FIVE-YEAR OUT LOOI\

‘badly needéd.
~

T,xyo main directions are now being: pursued The first
deals w:th ways in which food preservation can be en-
hanced, and technique: being studied include irradiation,
improved sealing, better detection mechanisms for con-
taminants, atmospheric control, and using better com-
binations of ingredients. The sécond concerhs distribution
mechanisms involving-transportation and improved ac-
cess of the consumer to the producer. Clearly, postharvest
. technolog) de»elopment has-strong potential for.i m1pr0\-

’

z

" ported (AG}%) The-transpofting anti- plt
accountefor two thirds of the final price of the food to the
consumer. Activities in this area are camplicated by. a lack

of knowledge -about what' p'ocessmg does to the nutri-

. tional content of foodgnd its ability to supply the nutrients
. to-the consumer. Thus, the development of improved
methods for storing, distributing, and processing food is

e

ing agricultural efficiency and productivity (AGR).
v -
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lNTI:RACTlONS WlTH OI‘HER SECTORS OF

SOCIETY

A4

losscs of over-half of the, harvested crops ha /ye been r¢-
essing of food

and.energy have alread) been mentioned. Addlll()nd"), ]
there is predicted to be a potentially severe shortage of
persons with selecfive agricultural traming 1n the- near
future (AGR). Competition also includes such aspects as
the diversion of agricultural products to ronfood uses,
such as the usc of corn-and other bioniass for fuel produc-
tion and the use of vegetable oils directly as fuels (ENER-
GY). It-involves the tradeoffs between agricultural dc-1
mands and the requirements for environmental security.
The runoff. of fertilizers is a major cause of water pollu-
tion, for examplc and-dealing with such sources of pollu-
tion will clearly affect the efficigcncy of agriculture
(NRC-7,ENV lRON) The tradeoffs or balances “between
the needs of different sectors will become more and more
importantin policy decisions 1n conung years as resourcesy
become scarce and such other concerns as the quaiit) of
the-environment constrain agricultural- activities,

Ultimately, agriculture must be viewed as a social and
economic. system as WEll as a biological system. For
example, tax and fegulatory policies adopted td deal-with
other social problems will clearly affect agriculturé as
well: Understanding the economic and social relation-
ships of agriculture with society, in both this country and
abroad, will'require the involvement of social scientists as
much as plant geneticists and-computer modelers. Thus,
in agriculture, as in the rest of science, and technology. a
unified and multidisciplinary perspective on both the
basic scientific and policy 1ssues will be Lssunml
(AAAS-8).
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J. Education

Science and technology and education are intimately
linked. Not only are science, mathematics, and technol-

ogy significant components of the curriculum at all educa-

) tional lévels, but, in addition, science and technofgy
provide powerful tools that are broadly applicable in the
educational process itself. As an example in the latter

. case, recent advances in computer and communications
technologies and in cognitive 'science and related disci-

. plines offer ‘major opportunitics for improving educa-
tional strategies. However, before that know ledge can be

widely applied in the classroom, several critical problems

ueed to be resolved and many of the problems are too

complex for resolution by any single sector of society.

- ' Therefore, during the next 5 years, attention will need_to
be focused. by State and local govern

pmate sector on ways to foster cooperation among private

‘industry, State and local jurisdictions, and college and
;.umverslty science and engineering, departments to take

Q
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.

’

.

nts and by the

full advantage of the vpportunitics offered to the educa-
tional system by sciecnce and technology. and to resolve
problems assvuiated with their use 1 the educational
process,

There is alsv a range of problems associated with the
first aspect of the relationship mentioned above. that of
education in science and technology, that will need to be
addressed in the neat 5 years. The need for an adeyuate
supply of well trained scientists and engneers for the
Nation in the long term has becn treated 1n Section’l 'B. In
addition, there is 4 need to unprove the traiming of techni-
cians that provide support for the wurl\ of suientists and”
engineers. Furthermore, since many other prufc.\)smns and
occupations that formerly had little scientific or technical
content now require 4 moderate level of competence in
‘those arcas, and since numerous public policy issues have
significant science and technology components, an 1m-
proved level of understanding of scienee and technology
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among -the .general public 1s decoining tncreasingly
desirable: !

USING THE.OPPORTUNITIES PROVIDED BY
"SCIENCE AND TECHNOLOGY IN THE
* EDUCATIONAL PROCESS y

+ There arc new demands on the educational system to

prepare all segments of society to use techndlogical infor-
mation and: products,. and science and technology can
provide a means to update our €ducational system to meet
those and other needs. Information-handling and com-
puter technologies, and the cognitiVé sciences, provide
‘special opportupities over the next 5 years to enrich the
learning process, both-through the application of recent
basic research findings and.thrpugh the utilization of new
technologics (NRC-4: EDUC). Howevetr. there are sever-
al major. factors that can ,inhjbititﬁcir incorporation into

" our formal educational system. ‘Therefore, the procéss of
transferring the varicd,rése'jrch findings and new tech-
nologics intc-the classroom/will require concomitant at-
tention and a‘ction:(EDUC—){

‘

. , j
THE- OPPORTUNITY l’ROVlDFD BY INFORMATION
TECHNOLOGIES |

Computer-basgd learning | devices and cemmunications

technologies can provide the basis of effective and effi-

cient strategigs for \.I:is.sr(:u)m teaching-by, for example.
offering means for individualized. interactive instruction
and fq‘r' more sophisticated performance testing and eval-
uation. Of course, some use has been made of teaching
machines. for many years in language classrooms and in
naergraduate ‘science courses. In addition, these tech-
nologiey,are being Gsed extensively in training military
person ¢l (NS). However. examination of the overall
Curriculum reveals little evidence of the impact on
education of the contemporary electronics revolution that,
by ridically altering the ways business and industry are
conducted, is changing the_nature of many jobs. For
example,. there are suggestions that the ability to use
computers may be judged a basic skill in the future, but
there presently docs not exist a recognized curriculum for
teaching computer skills or a system for measuring
‘competency. .

Advances in computer technologies include expansions
in disc storage capucity, casy access to stored information.
sophisticated visual displays of information in a variety of
formats, and audio tracks nd computers that can simulate
the hum&n voice. Furthermore, in recent years, both the
size and the cost of computer hardware have been reduced
substantially, and its portability has increased signifi-
cantly. Handheld calculators with a variety of functions
now sell for.between $10 and $100, and electronic games
that-teach mathematics and spelling retail for about $65.

Q . - /
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Pc?sonai computers with a visual display and memory and
weighing less than 50 pounds now cost as little as $400.
They-are comparable to computers that cost more than
‘$100,000 15 years ago, and future céS\s are expected 10
remain constant while the computation‘z\l power of the
computer is expected to double every 2 years (EDUC).
Recent trends in cost reduction and augmentation of com-
puter performance are shown in Figures 5 and 6,
respectively.

The new developments-open up a wide range of pos-
sibilities for innovative instructronal activities and pro-
cc;iure.s. As such, they have the potential for adapting
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educational strategies and curricula to a range of local
requirements, Operator-controlled computer simulation
and-graphic dlsplays of objects can allow exploration and
training in-a variety, of complex skijls. Instruction with
computer games could increase student intérest and,
therefore, learning, while word processors coupled with
computenized dictionaries can aid the development of
writing skills. Computer-based testing can aid evalitation
of.a student’s problem-solving skills as well as-his or her
knowledge of material and can-provide guidelines for
improvement. The new technologies can also expand our
access to information, including historical, cultural, and |
artistic resources, still and motion pictures, library cata-
logs. and, eventually, even the texts of journals and books
(EDUC; Outlook 1).

The téchnologies can also help increase educational
opportunities for.physically handicapped individuals.
Persons who are par‘alyzed or have limited muscle coritrol
can use special computer keyboards or other robotic func-

-tions-to-participate 1n writing, problem’ soivmg, and de-

sign activities. Visual information can be transformed into-
surface textures for the blind. Words and numbers can be
converted 1nto synthesized speech. Similar devices can be
prepared for other handicapping conditions (EDUC).

In summary, the new computer and information tech-
nologies provide dramatic oppo‘rtuniues for improving
student motivation, concentration, and comprehension,
and they allow for individualized instruction based on
differing rates and styles of learnjng. The increased use of
the technologies 1n the cassroom would also prepare
students to utthze them more effectively, both in their
personal lives and'in future occupations and professions
(EDUC). However, reahizing those potential opportunities
has not historically and will not in the future be a simple
process. It will r»qum, concerted and directed action in
the coming years to foster the widespread acceptance of

use of the technologies.
s

\

THE PROBLEM OF TRANSFERRING TECHNOLOGY INTO
TEACHING SITUATIONS

Transferring technology into the classroom can be quite
complex and multifaceted. Forexample, there is the prob-
lem of cost. On one hand, reductions in the prices of the
new computer and information-handling technologies
make hardware itself more accessible to schiools Positive
effects on, student motivation and learning, as well as the
ability of the new technologies to address the educational
needs of special populations, might also lead to indirect
cost savings by increasing the effectiveness of educational
processes. On the other hand, nonc of the technologies is
likely to be effective in the absence of efforts by State and

local agencies to restruciure curricula, revise textbooks,

develop special software, and revamp teacher training and

retraiming programs. Furthermore, the technologies are

rapidly advancing, and there 15 the danger that once they
i .

N

are installed and particular programs are initiated, they
will soon become obsolete. Thérefore, the tradeoffs be-
tween short-term costs and long-term costs and benefits
will have to be carefully assessed In addition to the
balance between cosis and benefits, there are other institu-
tional problems and opportunitics that will have<to be
addressed. They include clarifying and reevaluating basic
educational Jtrategies by State and local governments

¥

Clarifving the Role of the Federal Governmeni

Widespread interest in pﬁrsuing the applications of new
educational technologics and related rescarch findings has
been expressed by State and local education authorities.
publishers, and private industry. That interest was re-
flected in part in congressional hearings held in 1978 and
1980, in which.participant$ agreed that new advances in
science and technology-can have significant lnﬂucnw(n
teacher ef! fectiveneys and on student learning. Puucnpants
in the hearings urgcd the various government agercies-to
assist the school systems .in realizing.thé bencfits from
those opportunities. Additional support for using the tech-
nologies in education has come from the Office of Tech-
nology Assessment, which is studying the impact of the
technologies on the educational process (EDUC)
However, any response %) those recommendations must
recognize the primacy of State and local jurisdictions over
public education.’ v

‘

The Need for Changes in Educational Approaches

The full potential fawmput‘.r and information-handling
technologies 1n the «.lassroom vannot be realized in the
absence of a snEmIn.ant restructuring of educational strat-
egies and methods. However, any such restructuring im-
plies a aeed for additional teacher. training (or retraining).
an expansion of Iabomtor) “facilities. and Turther curficu-
lum dwelopmem([:DUC,ASTR 111). More generally, the

classroom teacher is a key faetor in the success of any new

educational innovation, But there is currently a serious
shortage of mathematics and physical science teachers in
the secondary schools, with little prospeet of carly. im-
provement in the situatiun, and those hired to fill the
vacancies often Jack the technical background to offer
quality struction.even with existing curriculi
(ASTR-11I). Other factors thay wuld inhibit the implemén-

tation of the new technologies 1n the assroom include .

inadequate laboratory facil:ties and equipment (partially
vaused by rapid advances in science and technology) and a
decline in programs for faculty development coupled with
limited continuing education opportunitics.

0

" Fostering Industry Involvement

\

The process of adapting new electronics technologies to
clgssroom use might be well served by increasing the
paricipation of business and industry The private sector
has sophisticated knowledge of the new technologics and

-
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may be able to help in adapting the technologies to the
s:lasstoom and 1n curriculum development. Other forms of
industry support nught include equipment, financial aid,
and-participation:-in-teacher traiming-activities. There are
obvious benefits to industry, including the purchase of-
equipment and-services by State and local governments
and school systems. Industry involvement nught alse
increase public support for its own research and develop-
-ment efforts. An equally important benefit is the oppor-
tinity to expose students to careers in science and technol-
0gy, especially in those fields with shortages of trained
personinel, as discussed further on in this section. There-
_fore.ancreaging ndusry involvementis a po(enual mecha-
nism for. facthtating the technology transfer process in the
. coming years, and it would benefit both the educational

system and the industrics 1nvolved.
!

OPPORTUNITIES PROVIDED BY THE COGNITIVE SCIENCES

A ceritral question concerning the use of new technologies
in education is how students (partlculJrly young children)
respond to electronic teaching and learning tools. Cogni-
‘tive science, a multidisciplinary approach to the qtudy of
human mental\procesqes may be able to shed some' light
¢n that and reldted questions. The relauvely new field
encompasses contributions from a number of dm:lpllm.s,
including- psychology, computet science, anthropoloa),
linguistics, .and educaton. Current research addresseh
anformation processing, the. storage and retrieval of
. knowledge, and the acquisition of cognitive. okills.. Nota-
ble recent advances in thepry deselopment include the use
of n;athematu.‘al _mudcls of decision processes, which
allows suientists to distinguish the impact of human bases
and dlst.rm.matlve capacity -on tash performant.e the
- analysls of speech perception and the cogritive processes
‘invol¥ed in reading; and the analysis of semantic memory
and the correlates of recall of related words and concepts.
of partu.ular importance for education 15 the aspéct of
cognitive psychology that focuses on the diagnusis of
“disabilitics. That improved diagnosts would aid the ¢du-
cation of the many. handicapped school-aged children in
the country who are mentally retarded, have speech de-
fects, or cxhibit learming or reading problems (NRC-4).
Other rescarch findings -in cognitive science also are
directly applicable to education. For example, research in
the problem solving process can offer more cffective
methods for teaching. The subdiscipline of psychology
called metacognition 1s studying self-monitoring and self-
control skills-used in comprehension and complex knotvl-
edge acquisition. Teaching children to monitor their own
comprehension, a characteristic of skilled readers, can be
“a-poweiful instructional technigue (NRC—4; EDUC)
Effective human snteraction, including that oceurring
1n an educational setting, 15 partially dependent on one’s
ability to understand the feelings and intentions of others.
Therefore, research on souial and wognitive developroent

Functional Area Problems, Opporumities. and Constraints
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of children can offer additional insights' into the learning
pracess, whlch could aid. teachers in the presentation of
material. Studies have: explored.the development of ethi-
cal sensitivity, ‘the ‘influecnce of peers, ‘the process by
which social and cognitive skills are learned, and the
influence of television on behavior. In addition. some
researchers are analyzing social and cognitive duclop
ment in-emotionally disturbed and delinquent ?hlldn.n
(SQRC—-6)
The ﬁndm;,s from these kinds Qf studies may be ap-

plicable in educational semngs although the exact way
they mnght be apphed has not yet been clearly articulated
One. possibility nu(ed above is that the studies could
provide guidelines for the utilization of the new informa-
tion technologies through the assessment of factors influ-
encing modes of interaction. Future research could study
the response of children te machine technology as a learn-
ing jool’ -supplémenting or replacing. in some instances,
direct teacher-student interaction. A related investigation
would.be the effect of machine technology on sucial and
cogaitive development (SSRC-6).
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W DlNG ADEQUATE EDUCATION IN
SCIENCE AND TECHNOLOGY'

A;u.ntral concern with science and technology education.
is tht dbllll) of the United States to produce and iaintain__

a pool of hghly quallhud scientists and engineers There
are-fiow, and may continue to be personnel shortaa_.cs in
sew.r.ll eng,lnu.rmg specialtics and the computer sciences.
as well as spot shortages in importan: subdisciplines of the
physncal and bioiogical sciences (ASTR-II) Since the
lmpaus of those shortages are discussed in detail in Sec-
tion B'of the first chapter of this report, thcy will not be
rcpcat(,d hére. - !
However, providing adequate education for future sci-
entists and englncers isonly one concern The couumona'

nceds of two other larger groups will glso LOD_[II'IUC t/o,_.y

demand attention and action in the next 3
groups are. (1) those who dlfCCll) support t
scientists and .enginecrs and’or whose ¢ jobs Memand day-
to-day familiarity with modern technology, and (2) the
generdl public, many of whqse occupations and profes-
sions increasingly involve science and technology consid-
eranons or‘deallng with technical people, and all of whom
nted some understanding of science and technology to
function as citizens in a democratic $ociety

EvﬁURlNG AN ADEQUATE SUPPLY OF TECHNICALLY -
QUALIEIED PERSONNEL

. (
Many people, including both administrators and technical
staff, augment and support the work of science and engi-
neering professionals A moderate level of competence
and understanding of science, mathematics, and technol-

S dctivities of
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ogy has also become essential, or at least highly desirable,
for effective performarice 1n-many. professions, such as
law or business administration, Wthh’ had little to do with
science and’ fechnology as receftly as 20 yedrs ago, A
basic.understanding of technology also can be useful-for
secretaries who use word-processing machines, grocery
clerks who usc autdfated checkout devices,-and depart-
ment store personnel who use computers to scan nven-
tory. One area where there 1s a marked need for personnel
with some fundamental understanding of science and
technology is' the armed forces. Weapons systems are
becoming more and_more sophisticated, and, -although

much of the training needed to functign effectively in the’

armed:forces is provided by the military, a background
understanding of science and technology can-be of great
help (NS). o
The-technicians who work difectly with séience and
engineering professionals or -with their sequipment (for
example, repairmen, programmers, and laboratory assist-
-ants) are of particular concern, since the size'and expertise
of-that group.of speciahists bear directly on the success of
science and technology-enterprises. Other lndustnallzcd
-cuuntries, including West Germany, Japan, and the Soviet
Union, -frovide specialized trainmig, financially reward-
ing jobs. and mgh status to technicians. In contrast, Amer-
ican- educational efforts - that ar¢a have been widely
“scattered among technical and-vocational high schools,
on- thc-Job tratning, and high- quahty, although also high-
cost, programs in the armed-services. Recently, 2-year
community colleges have begun to play animportant role

1n technician training, and one lmportant characteristic of

. .those mstltutlons 15 therr scnsltmt_y to local demand.
However, they dre at present overburdened with the need
to teach remedial mathematics to enterl}xg students who
Tlack an adequate preparation to pursue technieal trarning
courses, and are, 1n general,-1sulated from the rest of the
_ science and engineering education system. Furthermore.
little information 1s available to secondary schoul students
about opportumitiés for careers in technical ficlds that exist
for graduates with adequate preparation in science and
mathematics or with state-of-the-art training in them.
Finally, information 15 lacking about the present and fu-
ture requirements of technology -based industries for.tech-
nicians. Therefore, there is a need to obtain:and assess
1hformation about the quality and extent of current techni-
cian training efforts and the present and future require-
ments for, technical personnel.

QXPANbING PUBLIC AWARENESS AND UNDERSTANDING
OF SCIENCE AND TECHNOLOGY

Most Americans have no direct involvement.1n science
and technology or with science or engineening profession-

als. Yet; technological advances shape the quality and

7/

direction of all of our lives in such areas as health; emp, dy-
ment, housing, recreation, family: structure, and the gen
eral physical vnvironment. During the remainder of the
century, science and technology- will}likCly incréase the
complexity of society, as they have during the past 20
years. Thus,-a deeper understanding of science and tech-
nology and their relationships to society will be in-
creasingly important-to the ability of Americans to func-

tion boih in their occupations and profcssions and in their ~

rolés as|citizens. :

Secondary school education in many industrialized
countries; including West Germany. Japan. and the Soviet
Union, plac‘.s heayy emphasis on science and mathema-

tics.-On the other-hand, while thcrc is an lnurc.xslng necd"
for technological sophistication among lhu Amcman

public, there is indication of &-trend during the-past 20
years in the opposite direction—towatrd a dc»reasm" uns
derstandlng of even the rudiments of science and technol-

ogy (labeled scientific and technological illiteracy by

some). Purported causes of that trend include a. dc;llmng
emphasis on mathematics-and science in-secondary cedu-
cation, a shortage of qualified secondary. schogl mathe ina-
tics and physical science teachers, a reduction in require-
ments for college admission, and a lowering in the'level
and substance of courses at both secondary and college
levels for students who do not pursué careers in science
and engineering (ASTR-{I. ASTR-III) Furthermore,
given the rapid rate of tecknological advance during thc
past 20 years, many adults who may have received an
adequate formal education in svienCe and mathematics
now find that education obsolete, unless they hate tahen
advantage of informal vpportunities to rencw .md refresh
it (EDUC).

One potential consequence of the lach of scientific and
technical sophistication among the ‘general public. in ad-

-ditton to‘dcﬁuenugs related to.professional and occupa-

tional needs, is a reduced ability to participate in the
political process 1n an informed way, particularly in deci-
sionmaking concerning scienee and tuhnol%) policies
and related activitics. For example. it s useful for citizens
to be able to understand. at least in a general way. avalyses
of costs, risks, and benefits associated with technological
«dvances that have iLinmediate impact on their lives
(EDUC). '

Since the declinetin science and technology literacy
among the, American public has been evident for over a
decade, and since its causes are complex . a variety of steps
will be neeessary to arrest and reduce it. None of them is
likely te produce rapid, dramatic changes. The most im-

ortant priority is to recognize the severity and complex-
ity of the problem and to imtiate jong-term programs that
can begin to have effects. The Federal Government's role

in helping-secondary schools and colleges provide more

appropriate opporfunitics to study science and -mathe-
matics is necessarily limited (EDUC: ASTR-II).
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Notes on Using the F ive-Year Outlook ' /

and Its Sources ‘e

The Five-Year Outlook on science and technology is not
intended as an cxhaustive treatment of all the issues asso-
ciated with a. ngen topic. ‘Rather, 1t hlgl?llghls those as-
pects that the Nauonal Science Foundation (NSF) cunsid-
ers nost significant. Readers-are referred t0 the Source
Voliimes, to sources contributed to the first Five-Year
Outlook, and.to recent Science Indicators and Annual
Science and Technology Reports for more exhaustive,
indepth»discu_ssidns, as well as supporting evidence and

-argument.
The contextof the legislation requiring the Five-Year
-Outlook : and Annual Science and-Technology Reports

(Public Law 94-282).indicates recognition by Congress
that the types and organization of the information in the
reports should'serve the needs of other audiences in addi-
tion 10 the pollcv planners'in the legislative and executive
branchcs of the Federal Government. In particular, the act
addresses the necd to exchange scientific-and techmcaf
information among- the vartous Federal departments and
agencies. It also states, as a matter of- policy, that the
pefspectives and-needs of State and local.governments,

_industry,-universitics, professional societies, and the gen-

eral public should be taken into consideration fn devising -

and assessing strategics for science and technology [Sec-
tion 102(a), (b) ang (c)]. . ~

Reader$ in cach-of those groups may, however. ap-
proach the Five-Year Outlook and its companion Annual
Science and Technology Réports from different perspec-

tives and with different objectives in mind. Those whose
i_nier'ests«foéus primarily on curr~nt and likely future de-
velopments in a particular field of science and technology,
on particular science and technology. policy issués, or on
perspectives of a part't:ular group of Federal sciefice ang-
technology agencies may want. to proceed dir ctly to
relevant contributions published in the Source leum('s
For the convenience of such readers, an annotdtcd bibli-
ography of sélected Sources and a detailed, toplcal index
are includéd in the second Source Volume.

Readers who are interested- pnmarlly in current and
emerging issues associated with particular Oflice of Man-
agement and ‘Budget (OMB) functjonal categories can
begin with the appropriate sections of Chapter 1f and refer
to the sources cited therein for mo{e extensive discussions
of topics. Those who are copcerned primarily with an
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84 THE FIVE-YEAR OUTLOOK B
overview .of the relations of science and, technology to
_broad areas of current national interests can begin with the
“four gengric policy sections of Chapter I, again referring
to the-cited source references for more detailed
discussion?” * b .o
There are many other ways of presenting the material in"
ChaptersIand I1. Analternative, forex:,mple "would be'to
present a synthesis of the source materials categorized
according to the,!3 priority goals for science and technol-

~ L 3
ogy listed in Section 102-(b) of the National Science and
Technology Policy, Organization, and Priorities Act of
1976. Table 1 is.intended to assist rcaders who require
‘information about the rzlations between current trends and.
those. 13 goals by identifying sections in the first and
secorid Five-Year Outlo%oks. the first three Annual Science
and Teclmolog) Reports, and the two most recent Sciende
Indicators reports that address cach goal.

*

Tuble 1—Sections of Some Related Scicncé and chhnoloi:y Policy Reports Discussing Prvnty Guals for Suience and Technology.

- PRIORITY GOALS Si-78° ,  Si-80° ASTR-I°~. ASTR-II*  ASTR-III" Outlook ' Outlook 11
‘ 1 Foster lnlemauonal peace. and Ch. 1 ’ Ch. 1 éh 5 - ' I-F SOD-5 1-B.C.D
Gher internatyonal and foreign JJV-A H-ELL it-C.D.E.EG.I
policy poals i v n-A .
2. Increase the efficient usé of pp. 5560 pp.60-69! .2 Iv-A I-C $OD-1.23  I-C )
essential products and materials pp- 81-83  pp. 79-82 Ch. 3 II-E.G TS-1.2 I-B.C.EEGHL
i ) pp. 93-99  pp. 1792200 n-A : .
3. Assure an sdequate supply of  pp 55-60  pp 60-63  Ch. 2 I-CE  I-DE SOD-1.25  I-D .
food. magerials. and cncrgy pp. 93-99  pp 79-82  Ch.3 W-BE  IHEG.HIL TS-2,4.5 L-EEGHI °
. J pp. 97-99 IV-A Hi-A. ) o ’
pp. 115-116 1X-C.) , .
A At pp. 190-200 - . )
.4 Contribute to national security pp 55-60  pp. 66—{)4 " Ch.2 " -n i-B 1}?/-7 I-B.D ,
pp. 79-82  Ch.3 . . 1-8.C.) i
B - ™ = 7
5. Improve health care pp. 55560 pp. 6063 Ch.2 H-a 1-D.1L) /sop-34 1B
PP 7982  Ch3 IV-A m-A T$-3.5.68 , U-B.D ~
pp. 92-94 1X-1 ’ R
. pp. 97-99 .
. pp. 150197 l
"6 Prescrve. foster. and restorc Pp. 55-60  pp. 60-64 " Ch.2 -F 1I-D.k.G.H.L SOb-3 I-DE l
healthful and esthétic < pp 98-99  pp. 79-82 Ch. 3 IvV--A HI-A TS-1.6.8 1-D.E.RG.I-
environment™ IX-D .
7. Provide protection for ocears ) Ch.3  IN-E -E SOD=5 -
and polar regions; utilize their o IV-A -1 T TS-2 N-C.E.F
resources cffectively v-B hd
8. Strengthen the :cont;my and Ch. 4 op. 22-34 Chy § 1-B I-8.C SOD-L5.6 1-B.C
promote-full employmept ) pp. 200-204 el 6 Iv-A ' TS-5.7 I-E.GH.I
through S&Tinnovations Ch, 4 vill
9. Increase the quahty of pp. 55-60  pp. 6-7 Ch. 2 \i! 1-B T - SOD-6 1i-B.)
educational opporiunitics pp. 60-64 Ch. 3 X
pp- 186-190 :
10. Promoté the conseryation ard pp. 5560 pp 6064 Ch.2 |, I-F I-B.E sop-2.5  I-E
efficient use of the Natioh's pp 9399 Ch. S Ch, 3 l-C.Ea n-B.C.G.JL TS-1.2.4.5 1I-8.C.E.EG.H.L)
natural and human resotrces Ch. 5 Ch. 6 } 1X-C I-A
7 Ch. 7 \
11, Improve hou&ing. transportation.  pp. 35-60 " pp. 60-64 Ch. 2 m-bD 1-D TS-3 I-E
and communications systems: pp- 93-99  pp 79-82 Ch.3 II-C.E.1 n-B.C,D.H.
provide effective public services pp. 200-204 m-A * -
12. Elintindte air and water pp. 55-60  pp. 60-64 Ch. 2 I-F -D.GH.IL SOD-3 I-D.E :
.poliution 3nd unnecessary. pp- 93-99  pp. 79-82 Ch. 3 i1lI-C nr-A TS-5.6.8 {I-D.E.EG.1
incffective, or unhealthful drugs pp. 197-200 ’ '
and food additives - -
13. Advaice the exploration and pp. $5-60  pp. 60-6¢  Ch.2 u-D |, . I-F TSt D
pi:accful‘use's of outer space  w= pp. 93-99  pp. 79-82 Ch. 3 -G II-B.C.L II-B.C.F
pp. 92-94 o lI-A
: ¢ pp. 182-186

*by chaptcé and/or page numbers
**by chapter.number - -
*by chapter—section

“SoD =
TS - Topical Synlhe5|s-—scc(|on number

- -
Statement of the Directo. ¢ NSF—section number
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Appendrx B

Preparatron of the Five-Year Outloo '

There are many centers of decision on the allocation of
‘resources to the support of science and technology in the
United States and o the use of the results of science and -
techno]or:))\fola variety of.public purposes. Hence, the
National Science Fou\r;iiatlon (NSF) decrded at an carly
stage that cach ‘Five-Year Qutlook should <ifaw upon a.
broad-range of perspectiyes, both.jnside and outside the
Federal:stricture. Accordingly, thc first Five-Year Out-
look on science-and technolggy, transmitted to Congress
.in May 1980, synthesized and highlighted dctarled treat-
ments of selected developments and 1ssues contributed by
the National Academy of Sciences, 21 Federal agencrea,,
and 15 individual specrallsts in specific scicnce and teci
nology policy topics.! Those, contrlbuttons were pub-
Ilshed in-a scparate source volume. Publication of the
hlghllghts and the more detailed source contrrbutmns in
-tWo separate volumes represented a comprom s¢ between
* the expressed needs of Congress for aselatively brref
summary of significant trends and issues, an{ithe desir-
bility of providing more exhaustive documentation of
specific topics for readers who wish to assess the support-
ing arguments and evrdence relating to con}luelone set:
fonh in the summary. <

The second Five-Year- OuQ-ooI\ srml!arly draws on a .
range-of. sources and makes a similar compromrse be-
tween brevrty and comprehcnsncness The nature of the
contributions and the ways in which the information they

_provide_has_bgen:synthesized. differ,_however,,.from the .
“first Five-Year Ouilook. These differences reflect. in part.
~ -comments and suggestions made by readeis of the first

Five-Year Owtlook. views expressed at three congres-
sional hearings,” a symposium at the 1981 Annual Meet-
ing of the American.Association for the Advancement of
Science;" and extensive evaludtions by the five university
science, technology, and public policy groups listed in
Appendix C.

The design “and conteiit of the F ive-Year Outlook, par-
(rcularly,selectron of the four feneqc topics of Chapter 1
and-the 1ssues highlighted 1n both chapters, lncorporates
the continuing advice of consultants representing univer-
sities, industries, and State and loca!l governments, and
the results of discussions with representatives of several

IF ive-Year-Ocutlook: Problems. Opportunities and Constraints in Sci-~
ence and Technology. National Science Foundation: Washington. DC.
1980. In two volumes (NSF Publications 80-29 and 80-30).

*une 13, 1980: Subcommittee on Science. Research and Technology of
the House Commuttec on Science and chhnology July 31..1980. full
House Commuttee on Science and Technology. Scptemiber 19. 1980
5ubc0{nm|t(cc on Scicace, chhnology and Space of the Senate Commif
tee on Commcrce Scicnce and Transportation.

’AAAS Programd!halﬂthNauonalMeetmg (January 3-8, 1981).”
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Federal agencies, including the Office of Sc1ence dnd
Technology Policy (OSTP) and the Office of Management
and Budget (OMB).

Responsibility for-designing and preparing thé Ffe-
Year Outlook on science and technology was assigned to
the $taff of the NSF Office of Special Projects:

Dr. William A. Bianpied

.Dr. Alan L. Leshner

Ms. ‘Maeve McCarthy

Ms‘ "Minerva Reid. i

-Liaisor with other units-of NSF was provided by an
Interdiréctorate- Advrsory Group: !

Dr. .Alphonse Buccino, Directorate for Scxence .and

ngincering Educatlon

Dr William Butchzr, Directorate for Engmeenng

Df. Marta Cehels ky, Office’ of Planning and Resource

Management \

Dr Judith Coakley, Dircectorate for Englneerlng

D -Frank Eden, Directorate for Astronomlt\:al At-

wmospheric. Earth and Ocean Sciences

Dr Richard Louttit, Directorate for Bloloalcal Be-

thavioral ,and Social Sciences

Dr, Richard Nicholson, Directorate for Math’ematrcal

nd Physical Scrences .

Dr Robert Rabin, Directorate for BlOlOglCdl Be-

havroral and Social Sciences.

Individuat scctions of the Five- Year Outlpck were pre-
.pared_with,_ the_assistance of NSF’s Division of Policy
Rescarch and Analysis. Sections were reviewed by techni-
cal expcrts inside and outside tl.c Federal Government,
and a rcyreed manusciipt was reviewed at a meeting of
technicaliexperts on April 9-10, 1981. Assistance in com-
pllrn qu:{nt"..uve anaterial was provided by NSF's Divi-
sion of Science Resources Studies The final manuscript _
was reviewed by the Executive Office of the President

1
. prior to tra‘n‘smlssmn to Congress. lndlvrdudls outside
NSF who a§ylsted in the .Jesign, preparation, and review
of the Five-Year Ouwtlook are listed in Appendix C.

The mater\ials published in the two Sow ce Volumes
were reviewed and revjsed by their respective contributors
prior to submission to” NSF.Eiich of the chapters contrib-
uted by the atlonal Research Council (NRC) was re--
viewed by spe Salists selected by the-NRC, and the entire
set of chapteé was reviewed by the NRC Govemlng
Board.

Drafts of the papers written for the American Associa-
tion for:the Adyancement of Sciences’ Conimittee on-
Science, Englneerlng, and Public Policy were reviewed at
two invitational semindrs. The reviews also provided the
framework for broader discussions lncorporated into ’twu
additional \essays transmltted to NSF- with the revised
papers. Papers¢preparcd for the Social Science Research
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Council \\ere reviewed by individual spccmhsts and the

. entirz.set was subsequently reviéwed by a steering group

including representatives of the Council, the Assembly of

. Behavioral and Social Sciénces of the National Academy

of Sciences, an)c/Center for Advanced. Study in the
Behavioral- Scignces.

Source Volume were drafted by representatnes of 22
Federal -agencies who worked together in lask -groups
convened by NSF. Each agency with a sciefice- and tech-
nojogy-related mission within a given functional area .
provuded draft material to the group, and the contributions
wére integrated by a designated-lead agency fepresenta-
-tivé into a- smgle draft narrative. This procedure ‘was
meant tokprowde as comprehenswe a view as possible of
interactions-a ederal science and technology agen-
cics with.responsibilities in the samg broad areas. Lead
+ agency drafts weré rtvised, prior to f na] tranSmission to
- -NSF, in:thie light of. comments by staff of OST? OMB.
and=NSF -Participating agencies werc;
Departriient of Agriculture

5

The 11 Federdl agency papers published in'the second'

National Oceanigc and Atmospheric Admmlstratmn
Departmem ofsDefense _
Department of Education -
Department of Energy
Department of Health and Human Services
Alcohol, Drug.Abuse, and Mentat Health
Administration ~*
Centers forDiseasc Control
. Food and Drug Administration
National-Institutes of- Health
Departrient of Housing and Urban Development
. Department of the Interior
Department of Labor
Occupational Safety arid Health Administration
Departmient of State - .
Department of Transportation ’ .
Agency for Intemational Development S
Consumer Product Safety Commission .
I:nwronmental Protection Agency . e
National Acronautics and Space Administration )
National Science Foundation

Anne Krueger, University of Minnesota \

Department of Commerce . Nuclear Regulatory Commission * - -~ - ‘
National *Burcau_of Standards \ /N Veterans Administration ‘
M ‘ - v * Al
\ ! S . - v
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