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© U.S. SCIENCE.AND TECHNOLOGY UNDER . *
. BUDGET, STRESS ‘

THURSDAY, DECEMBER 10, 1981 . Y

/ Housg OF REPRESENTATIVES,
CoMMITTEE ON SCIENCE AND TECHNOLOGY, * .

. | Washington, D.C.
“ The committee met, pursuant to call, at 9:30 a.m., in room 2318,
Rayburn House Officé Building, Hon. Don Fuqua (chairman of the
committee) presiding.

Mr. Fuqua. The committee will be in order. .

I would like to welcomme our distinguished witnesses today and.
thank all those in the audience for their support of efforts to sus-
tain the scientific and technical vitality of this country through
this period of blidget stress. ‘

1, personally, have strong respect for the President’s determina-
tion to break the spiral of inflation. I have supported his notion
that strong Federal budget restraint was a means to achieve this
end I-have even understood his sense that expectations had to be
changed suddenly and dramatically. '

However, there are crucial long-range considerations which go
beyond the shifting politics of thig year’s budget deficit. This com-
mittee’s special stewardship for the Nation's science and technol-
ogy enterprise has taught us that there will be budget issues before
the Congress in which the long-range considerations should weigh
as heavily as in science and technology. Preserving continuity in
the progress of scientific knowlédge and in the development of
technology is an investment in the future. This investment has
proven over and o¥er to offer payoffs beyond our wildest dreams.

This is, of course, where the President’s goals of strengthening
this Nation’s security, enhancing its productivity, and building its
innovative capability clash with his goal of sudden change in budg-
etary assumptions. , .

We must insist on a reasonable balapce among those goals.
There will be no‘security or leadership in a technological world for
a nation that is willing, for short-term expediency, to interrupt the
training and careers of its' most talented scientists and engineers,
or abandon its most promising technical endeavors.

Today, the committee is beginning its inquiry g to whether the
administration, through budget and other actions, is striking the

.

appropriate balance. We will continue this with further hearings in
February and through the budget authorization process next year.
We will work closely with our Senate colleagues who share our
concern for the vitality of science and technology.

(1)
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1 feel cortfident that the recognition of the need to inject long-
rahge thinking into the short-range budget number juggling will b
recognized on a bipartisan basis. :

We will place heavy reliance on the advice of the country’s gcien-
tific and technological leadership in this process. They krfow as
well as we do that budget stress is a fact of life, and that
pered or self-serving demands will have little credibilit;

However, ‘initiativés like that of Dr Press in convening
precedented October National Academy meeting on science budgets
are of enormous value to us. The process started there will help us
realistically assess the extent of damage to the health of science
and technology, and seek ways to avoid and repair in the future.

.The central question of our hearings is whether the need for
long-term steadiness in technology investment.is holding its own
against short-term budget expediencies. There are some who say
that there is evidence building that indicates the answer is “No”

We have heard many anguished voices claiming that current ac-
tions and policies are disrupting proven national laboratories and
interrupting promising and productive programs.

We want-.to know whether the budget stress is upsetting the very,
Government-university and. Government-industry relationships
which had catapulted this country into undreamed of postwar tech-
nical leadership. - . .

Our witngsses today care aljout the health of science and technol-
ogy as much as any in this country. I am hoping that they will be
agle to guide us as to whether our fears are justified ggerat-
ed.

I hope*also that they will be able to advise us on ‘whys w¢ can
insulate the long-range integrity of qur scientific and fechmtlogical
progress from the rapidly changing 'budget politics and theories
which seem so often to dominate the political stage.

Mr. Winn. t -

Mr. WinN. Thank you, Mr. Chairman. ’

Mr. Chairman, I want to join you in welcoming our distinguished
wétnesses here today. I must confess that I don't feel that the title
“U.S. Science and Technology Under Budget Stress” is an entirely
appropriate caption for this hearing.

It implies that some sort of catastrophe has struck U.S. science
and technology. This is simply not the case. Perhaps a more appro-

priate title would be “U.S. Science and Technology Within a New .

Federal Philosophy.” . .
I have had an opportunity to review Dr. Keyworth's statement
this morning and I want to congratulate him—in advance—for it.

Y

It is a very thoughtful statement on the administration’s philos-

ophy 6n science and technology policy. .

This is the First time in my 15 years in Congress that I can recall
any administratiod so plainly but firmly statidg a comprehensive
course for our Nation’s science policy, Frankly, it is long overdue.

During this long interval, an attitude-fas prevailed that the
more Federg) tax dollars spent on science, the higher the quality of
science we receive. This has not proven to be true. ) -

Some have felt that science research and its share of the Federal
budget could operate in a vacuum. This, also, has proven false.

\ -
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Chistead, 1t is now appatent that suppogt for science and techriol-
. ogy 15 undenlably bound to the health of the national economy as a
+ * whole TFhe comprehensive policy that Dr. Keyworth is presenting
today reflects this prudent view. . '
Certainly the changes in longstanding policy being proposed by
the administration are starthing in their boldness. But §here is no
reason to reject them out of hand That is why I gm concerned
with the attitudes being displayed by some of my colle"iegueb in the
House | y P) . - .
Some 1n the House seeni intent upon sponsoring a series of hear- .
ings designed tu attack the boldness of the administration budget
initiatives  This has been spread across almost ‘all committees of

.

the House. < \
I trust that this meeting today will not fall into that category
. and that we will give an impartial hearing to a new comprehensive .
: approach to science policy. = * :

Mr Chairtan, I look forward to the testimony from our distin-
guished witnesses today ®and trust that they will provide us with
sume fresh insights as to how a creative science policy can mesh
with the new economic realities of our Nation today - .
, THank you, Mr" Chairman '

The CHairMAN. Thank you, Mr. Winn
[Without ubjection the statements of Mr. Walgren. Mr. Brown,
Mr Hollenbeck, and Mrs Schneider will be included in the record .

at this point‘} « .

.
.

~

StatEMENT OF Hon Dot WALGREN

[ jom an commending you, Mr Charrman, for taking the mitiatiné to hold this
tmportant hearinyg .- *

Over the last mne onths, the Congress has worked hard on the President's
budget. including the extensive changeg sent up in Mhm:h and again in September
We have devoted much time to the questions of the economy dnd economie policy in
seneral And, we have alse devoted many hours to specific Issues and questions wn-"
cerning individual Federal prograns, imdudimg the many science and technolegy
programs of the different agenaes which ptfornd and support research and develop-
ment . . '

The vne thing which has 'r?ol, i my view, recewved sufficient attention 1s this Ad-
nunstration’s overall polies for suence and technolugy While we have been wn-
cernied wath the speadic 1’r$1paot.s of the many and varied cuts which the President
has propused. we have not sufficiently analyzed thar gumulative effects And, while .
- we e dealt with the shortterm effects of the proposed cuts, we have not exam-

wed, i depth ther long torm imiplications for the Nation's leadggshup position 1
N sowenpe and technology A< Chairnian of the Subcoinmuttee with vyersight responsi-
bility tur the Office of Scarence and Technology Poliy, T am personally concerned
that-the Adnunwstration tsell may not have done a sutﬁuentt\ careful analysis of
these broader 1ssuds . ’

Tuday = discussion with “the OSTP Director, the Natwnal Academy of Svience
President, and the turmer OSTP and NSF Duector 1s eaactly the right forum for
- swchan Ovannaton £ otk furwat to hearing the views of the distinguished wit-
nesses which chairman Fayua has bru‘(‘bcture us today, and to participate in the
discussion ol the vital yuestions w ha t"e drastic budget Cyts necessarily raise for
ail of us tn the Congress .

- )

" siarrsmeNt oF Hos Grorar B Brows, Jr

.
Mt Charon [ am extremely pleased that the Science ahd Technology Comnut--
., tee Loday will examine the sttesses caused by disruptive mechamisms of.this vear s
budeet provess onl 8 Science qnd Technology 1 eongratulate you to scheduling
these heanngs and am looking, forward to wWentifving ways of mamtaning and pro
motimg o contfnuous b quahty eftort o scienge and technology i this country

ERIC - g
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The Reagan Adnunmtrultwposals for drastically cutting science and tech-
nology R. & D funding, althbugh devastating in theur effects, have forced this Com- N

muttee, Congress, and the saentific community to examine the broad role and value
of science and technology support Although Congress has clearly not given the Ad
munistration the total extent of cuts it sought, the effects have been dramatic, if
“only in the threat the proposals presented. ., P :

In the coming several ye#yg it is clear that the Administration will continue to .
seek more and more cuts.The.far-reaching effects of this kind of program should be, M
and are, at the very foundation of the interests of this Committee T

The United States 1s sufferning economically from its schizophrenia over what the
proper role of government is”in supporting research, development, and demonstra-
tion The U.S. still has the strongest basic research base in the world, and ile this
base i5 threatened by the policies of the Reagan Administration, so too is oUr gcono-
my threatened today by our nation’s competitive disadvantage resulting from insuf
ficient support of new technologies P - ?

The termination or curtalment df programs to help U.S innovation and produc-
tivity are an example of a major switch in public policy. that has been made without
public debate or consent. 1 believe that the government ‘can be a part of the solution
to the needs of suciety, although I certainly do not wish to indicate blind support for
ongoing programs 1 hope that no artificial boundaries between the research and de-
velupment continuum, 1basic research, development and demonstration) will be em-
phasized, lest one part of the scientific and technological enterprise be cannibalized
to feed another. . . .

1 lovk forward to addressing some of these issues today, and to a continuing dislog
with the scientific community on how best to educate ourselves and the public on’
the importance of science and technology. . ' "t
‘ . Thank you, Mr Chairman -« ¢ -~ - )

StaTeMeNT of HoN Harorp C. HOLLENBECK ' . .

Thank you, Mr Ch#irman 1 look forward to the testimony today of our three dis-
.tinguished guests, Drs. Keyworth, Press, and Stever. As the current and former
Presidential science advisors, these gentlemen have keen insight on the impact of
current budget stress on the health of Amencan science and technolo

As the Ranking Republican on the Space Science and Applicationsgsyubcommitt,ee,
I am particularly interested in how the recent additional budget cuts will affect our
civihan space program. As you know, we recently authorized $6 17 billion for the
fiscAl year 1982 NASA budget. This budget funds the programs that are 4he back
bone of NASA, namely, development of the Space Shuttle Orbiter, Atlantis; space
telescope, various planetary exploration programs including the Galileo orbiter and

. probe, and the Venus Orbiting Imaging Radar tnission, technolo utilization and
space applicatrons, which have moved a numberdof NASA-derived spinoffs into the
private marketplace, and aeronautical research and technology. -

If further budget reductions. are to be implemented, then we have to evaluate
their impact on varous space programs and NASA centers. Our Subcommittee has
yet to formally hear how NASA will apply moneys fram a substantially reduced
budget, however, much speculation has been circulated. The specthlation is alarm*
ng and includes. closing the Ames and Lewis Research Centers; abolishing all plan-
etary exploration programs, eliminating the manufacture of a fifth space shuttle or-
biter, curtailing all aerchautical research and technology programs and closing the
Deep Space Tracking Network, essentially turning offsthe Voyager spacecraft

I am sure other mer:sl)ers of the Committee feel as.] do and hope that the impact
will not be as severe a5, suggested. I for one, simply will not support a budget that
will totally destroy past worthwhile efforts and passijbl’y jeopardize continuing note-

., worthy achievernents. I urge all members to carefully consider all implications, i
cluding social, economical as well as political as Congress addresses the President's
revised budget for fiscal 1982 and beyond. We must use caution and guard against
xrrepz;{a})le arm to the United States’ leadership position in Science and Technol-
ogy affairs.

n the current budget climate all agencies involved in US science and technolo[ﬁr
. h? must extensively review all programs Objectives and goals must be esta

-

ishdd. By dentafying priorities, we will be eliminating programs that have shown
queftionable returns and results. In turn and perhaps more importantly, we will
maximizing our limited manpower and resources to their greatest extent .
Finally, Mp Chairman, we should remember that with[rassage of the Economic
Tax Recovery Act of 1981, Public Luw 97-34, business an industry were provided

’

" [y
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.
< swath e oppoMiites foomvest i scieioe tescarch and development In these days .
ot scal responsibnlits 1 oadl on the private sector to become a leader i support of
tutthee saentitic advancements | .

A~ o micuber of the Committee, 1 stand teady t belp establish budget privrities
for NASA ax well as all other federgl agencies mwl\cd 1 science puhu fur mativn
Futhor Tam committeed wathin the scope of feasunable fundmg levels to work to
maintain and foster excellence in U8 sewntific and*technologied] ady ancements

- LY
STATEMENT OF MR SCHNEIDER

Adnunistration plars to direct our scentific research programs within a Lmited
budget 1beliese the Adnunistration’s goal—tu establish national priorities for the .
allodation of scarce fepearch dollars - 15 a goud one and deserves support 1t 15 dear
that we wan nu lunger alford the haphazard decisiomimaking that has tharacterized
tederal spending uf the past

Houweter, as \rlcmbux ot the Science (umnuttee we'have two parttcular responsi-
bilities - we must exerase vur own tespunsible judgment concerning what should be
our nationdl privtities for tesearch  theu we must deternune what budget levels v
are needed to accomphish the agenda we set forth ..

My comern with sume Of the priorities expressed thusfar 1s nu sécret ‘1 believe
that  Grentrating almost bur entire eiiergy budget in tht area of nuclear power at
the capense ot o wide range of vther energy technglogies will disturt our choces in *
the lature A batanced euergy research program, effectively admimstered, would bc¥
Anuch better mvestinent for vur energy mdupcndcme and would have the support
ol the American peuple We are reining 1n our phitevultaies program at the same
tinie the Japanese arc accerating their own investment in that technology. The ex-
perts agree that we are on the edge of a breakthruugh in phutovoftaie research—if
We give up nuw, we gy be unpurttng that technology from the Japanese 1n five.
veurs

[ am absu concerned with the scale ‘of the cutbacks 1nvour civilian research pro-
sranis, which could put us even further behind gur cumpetiturs in Japan and West
Germany It 1s inipurtant, to remember that more than half vur research s for mili- .
tary purposes, while the Jdpdncbc and West Gernans, for example, are free tu cun-
centrate algost all of their research investment 1n cvilian technologies If we fall
turther behind i vur commutment to civilian research, we may begip to lose the
wumpe titive edge that vur high tédmuluw industries have given ¥ in internatinal ¢
trade L

Fiuually, we niust insure that thu bud;,vt: fyr vur research pxogmm: dre ddvqudte
to support the tasks we assign them If we want to base our environméntal stand-
ards un the best available scientific knuwledge, we cannot affor to cut in half the

. research budgets that sustain those standards
¢ We'cannut underestuniate dhe senvusness of our task, Our investment in suencg .
18 an investiuent in the future—the Jdegsions we make tuduy wild have a profuund
effect on the choices we have tomargow

. Thank sou Mr Chaufan 1 appreciate the opportunity to hear tuday huw the, W

e

Without ubJectwn photographs and re«,ordmgs vnll be permltted
during the kearing.
" Our first witness is Dr., George Keyworth the Director of the
Offjce of Science and Teuhmlogy~Pochy. Executive Office of the
- President. -

We are happy to have you pack again and would be, happy to

. hear your testimony. I ‘might inform the members «that, Dr.
Keyworth has another dppointment.-later in the merning and we'
will have to make sure that he is through in time to make that and
we will cooperate and get you out on time. R

We are happy to hear from you. ' . .

[The biographical sketch of Dr.'Keyworth follows: ]

De Grurak A KeYwOrTH 11, DIRECTOR, OFFICE OF S(ILNLL AND TrenoLoGY Pouicy

Geurge A Keyworth, 11 was born in Boston, \’[ubbdchubetts un Nuvember 30, 1939
Upun completivn of high schoul in the :BOstun area:he entered Yale University and
received his BS degree in physics in 1963, went on to pursue his Ph D in physics at
Duke University which was awnrded in 1968, |

S . »

ERIC* e L ‘

Aruitoxt provided by Eic: - .




* 6

Dr Keyworth joined the Los Alamos Scientific Laboratory scientfic staff in 1968
and devoted his efforts unul 1974 tu the development of an experimeptal program to
use pelarized pulsed beams of neutruns and polarized targets to study detailed reso-
nance structure in fission This work represented a major breakthrough in the ex
penimental and theoretical understanding of resorance fission, in addition to provid
ing a new techmque for nuclear spectroscopy.

. n 1974, Dr Keyworth embarked upon a -path of scientific leadership at Los
Alamos- wnverning development of 4. comprehensive and imaginative program in
weapons physics. He recently receweq international recognition for his work 1n this
area '

In 1975, he becarne responsible fur the direction of several hundred scientists and ‘
technicians whose research encompassed weapons phiysics, basic research in nuclear
and condensed matter physics, astruphysics and space sciences, satellite-based verifi-
cation of nuclear test treaties and, later, diagnostics of underground nuclear 'tests

- conducted at the Nevada Test Site.

In 1950, Dr Keywurth was appointed Acting Division Leader of the Los Alamos
Laser Fusion Division prior to its being combined with the Physics Diyision, all of
which came under his direction, tn March, 1981

While at Los ‘Alames he served on numerous committees, including the LAMPF
Long-Range Planning Commuttee, LANL Weapons Data Committee, WNR Program
Advisory Committee, DOE Fusion Data Committee, Organizational committees for
international conferences in nuclear physics, and the University of Califorma Selec-
tion Committee for Director of Los Alamos National Labgratory

Dr Keyworth is the author and co-author of some 28 $cientific papers He, holds .
membership in the Amernican Physical Society, the American Association for the .
Advancement of Science, Signa X1 Honrary Seientific Society, and the Cosnios Club

- of Washington - ¢ .

He 1s listed in American Men and Women in sciences, 12th, 13th, 14th editiops,
and Who's Who 1n the South and Southwest.

On May 19, 1951, President Reagan announced his intention to nominate George
A Keyworth, II to be D)rectc,r of the Office of Science and Techhology Policy, Ex-
ecutive Office of the President. The Director serves as Science and Technology Ad-
viser to th President His appointment was confirmed by a unanimous vote of the
Sertate onNuly 24, 1981 He was sworn into office on August 6, 1981

Dr Keyworth ts married, has two children and resides in McLean, Virginia N

STATEMENT OF DR. GEORGI:} A. KEYWORTH I, DIRECTOR,
OFFICE OF SCIENCE AND TECHNOLOGY POLICY, EXECUTIVE
OFFICE OF THE PRESIDENT

Dr. KeyworTH. Thank you, Mr. Chairman.

I am both pleased and honored to be here today, pleased to have
an opportunity to discuss the Reagan administration’s science
policy with you and honored to appear before this committee with
two of my.distinguished predecessors. ;

In its stewardship of Federal support of science and technology,
this committee has had a significant impact on tRe course of our
scientific development. .

And Frank Press and Guy Stever have each played an important
. . = role—not only as science advisors, but throughout their careers

As you have requested, Mr. Chairman, I would like -to present
my comments at this time as a summary of a longer statement to
be submitted for the record.

Let me begin by making a point that may appear obvious.

Science policy is not made in a vacuum. It is an exercise in prior-
ity setting and decisionmaking that must be carried out in the con-
text of oth®r national policies such as those concerning national se-

s curity, international relations, energy, social services, and the econ- 1
omy. : l

|

|

|

\

< 14

b

For example, science policy, made without considering economié
, policy, is irrelevant. This is especially true in the present adminis-
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tration, where the President’s economic recovery program is 're-,

- versing many policies of 1ongstanding.

This country has been plagued for years by an unacceptable level
of inflation, high interest rates and a runaway Federal budget.

Complex and often unnecessary reguldtions, as well as inag-
equate incentives to encourage investment and growth in the pri-
vate sector, have reduced’ our productivity and mternatlonal com-

. petitiveness. .

All of these problems are interrelated, of course, and can be over-
come only by a- ¢vordinated effort involving tax pulicy, regulatory
policy, fiscal policy and other measures.

g Within the context of today’'s national interests-and economic

policies, what should be the ro,le of the Federal Government In sci-
ence and technology?

" hat, should be the framework and guiding philesophy of our na-

tional science and’ nology policy?
. Certalnly, a science policy for the 1980's cannot be and should
nut be ane based simply *on growth for growth.s sake. Even in a
perivd of affluence and. sustained economic growth, throwing
money, at problemp has not proved to be an effective strategy. -.

In fact, it has often been responsible for furthering mediocrity
‘gather than stirnulating excellence. But, particularly. in these
‘times, we nrust sharpen out focus and make a Zoncerted effort to
allocate our’ resources in ways 'that support the most: superior,
promising and relevant efforts.

I am proposing a Federal role in R. & D. which is appropriate to
the 1980’ s——appropnate to a national mood which calls for in-
,creqsed vigor and aeceptance of responsibility by individuals and
“orgdnizations in the private sector and decreased involvement by
the Federal Government in many of our affairs. Thls is"the direc-
tioh in whieh we-are_ moving. .

he Reagan administration places great value on our uountry $
scientific and technological strength. Supporting science is a neces-
sity for all great nations, and certainly for the United States.

guccess in achieving urtually all of our national goals for the
1980’s— more vigorous economic growth, enhanced nationa&\ secu-
rity, a stronger competitive position in world markets, better
health and quality of life for-all our people—will depend in large *
part un knowledge, and technolugical developments which can come
only from scientific research.

We must realiz# that science and particularly basic research is a
critical factor .in determining out ability and readiness to meet the
problems of the unforeseeable future. !

I am firmly convinced that the condition of tJ.S. scienge is gener-
ally healthy. Fhat health is reflected in the excellent and exciting
research taking place in many diverse fields, such as high energy
physics, agricultural Sciences, astronomy, geophysics, fuswn, laser
ehemistry, biontedical research and engineering, communication
optics, and mlcroelectromcs
. IR\these and‘a broad range of other fields, U.S. scienle is regard- |,
' ed as~équal to or more advanced than any inthe world.

In my statement for the record I have indicated a number of

“facts to substantiate _this, but I will point to the )ncontrovertlble

evidencé of the awarding of Nobel Prizes.

‘s
»
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In the last 10 years, Amentan scientists have won or shared nine
prizes in chemistry compared to.six for all other countries.

In physics, it is 19 U.S. awards to 9 foreign. In physiology or
medicine, there were 20 U.S. awards to 8 for foreignscientists; and
in economics the count was 9.to 5 in favor of the United States.

The total for the past decade; 57 Nobel Prizes for U.S. scientists
compared to 28 abroad, more thar} double the number for scientists
from all other countries combined.

First, let me emphasize again that this administration 'Views
basic research as a vital investment with a good’ return and be-
lieves that, as a contribution to overall national security and eco-
nomic strength we must maintain health across the spectrum of
science, striving for excellence and eminence in all these fields.

However, as 1 have stated before, there are a number of good
Treasons why we cannot expect to be preeminent in dll scientific

. fields, nor is it necessarily desirable. The idea that we can'’t be first
across the spéctrum of science and technology is not simply a func-
tion of our currrent economic situation.

Rather, it is a recognition of changes that have taken plate smce
World War Il and the realities of today’s competitive world. - «

This recognition leads-to the conelusion that, in science and tech-
nology, as in all endeavors, available resources must be identified,
comparative advantages assessed tough choices made, and prior-
ities established, before resources are allocated.

Perennial issues for pohcymakers—mgludmg science policy-
makers—are how big the budget pie should be and how it should
be divided. .

I am convinced that if we are to make the most productlve use of
our scientific resources, we must ask about the best apportionment
of research support between the public and private sectors and alsg
about the apportionment among scientific fields and activities.

My perception is that the Federal Government has not always
done as good a job as it could and should in making these decisions.

Difficult decisions haye been postponed based on the assumption
of future growth in thésize of the Federal R. & D. budget.

‘We must now face up to the difficult choices because we know
Federal expenditures for science cannot and will not continue to
grow in the way they have in the previous three decades.

I believe the discipline of making such hard choices will ulti-

mately benefit science, just as the occasional pruning of a tree can’

promote, rather than retard its health.

While this is not a popular notion, budget stringencies force us to
think more deeply about how and why we make choices and wheth-
er we are in fact using our resources to best advantage.

I recently commented to a fellow scientist who also had been en-
gulfed in the management of science that my own experiencg léads

me to believe that the best overall qbahty of research may not

occur in times of accelerating support but in times of moderate re-
straint that force quahtatlve decisions.

After a moment's thought, he reluctantly concurred pomtmg out
that an env1ronment of accelerating support is, however, much
more fun.

Reductions in support of a research area do not necessarlly lead

to a proportiona} reduction in research output; by exercising dis-

Q \1’3
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- gives us the most return for the dollars spent.

9

crimunation within o discigline, the best and most productlve re-

. search can continue to be supported.

With this approach, the serendipitous nature ‘of scxentlﬁc “discov-
ery is not denied. A selective emphasis and deemphasis, taking into
account past productivity, present vitality, and future promlse, is

. simply good management of public funds.

Besides exerc:smg discrimination in the support of research
areas, w€ must also insure that our research activities are properly
capitalized Even if it means reducing the number of participants
in some areas, we cannot continue'to assume that equlpment and
facility needs can be deferred to a better, future budget climate.

The scientific and technological community must learn to partici-
pate in this assessment by playing a more forceful and critical role.
Through advisory groups, peer review, testimony before the Con-
gress, and other .mechanisms, scientists and engineers must exer-
cise the same discrimination that is required in the daily execution
of their research,

To those who may still hope for constantly growing budgets
across the board, let me say this—that time has passed and we
need the scientific community’s best and most thoughtful judgment
and advice to rnaintain the health of our science and technology
base. .

Tou those who object to such undertakings, and to all my scientific
colleagues, I must say that if scientists do not make such choxces,
others will, but, with less acuity.

My views on how we should approach the task of selecting hlgh-
quality science have not been a secret. They can be summarized in.
gne word—discrimination. By this I mean application of specific
criteria to discriminatifig between scientific areas that are most
promising and those that dre less promising through the criterion
of excellence and pertinence.

Excellence should be the basis by which one judges the quality of
science—the excellence of investigators, the excellence of the field.

In scientific endeavorsg we should, above all, advocate an un-
abashed meritocracy.

We must be sure that there is an open door for all to achieve the
merit and excellence needed for the best science, and then support
the individuals, groups, and institutions who succeed in walking
through that door.

For applied research where we have a specific objective in mind,
a second criterion must be added, that of pertinence.

While hoth these criteria i volve value judgments and thus the
pussibility of error, the cr:tergé can be reliably applied at their ex-

" tremes, thus leading us to emphasize the most promising avenues

and to deemphasize those judged to be less profmsmg

Both excellence and pertinence imply attention to results. What

There have been moments since I came to Washington when I
wyrried about the tendency to get caught up in percents of budgets
and percent increases in budgets while forgetting that we are inter-
ested in results—past, present, and future.

These principles relate to support of science by anyone—public
or private, Government o&mdustry, individual or institution.

\ - s
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While this prinaiple snay not sound new to many of you, I think

you will find it more stringently adhered to by this administration,

than has been true in the past.

Let me now turn to some specific issues that are of concern to
this administration and to the Congress.

Mr Chairman, in the statement I am submlttmg for the record
you will find & discussion of issues I consider important such as
thouse invulving defense, science and engineering education, inter-
national cooperation in science, facilities and instrumentation and
new institutional demands, including those related to the role of
<our Federal laboratories.

These are significant science policy issues we have been con-
cerned with and deserving of your consideration.

Mr Chairman, I have tried to lay out for this comittee the phi-
losophy guiding the admfhistration’s science policy.

I would like to emphasize that we pérceive R. & D. as a means to
achieve necessary national objectives. For that reason, 1 have
tulked at length today about the administration’s efforts to stimu-
late a strong economy and to provide appropriate incgntives for pri-
vate sector expansion.

I alsu stress the need for discrimination in sciencé and the rol‘e of
the scientific comrmunity in the formation of séience policy. I be-
lieve it isvitally important for the community to take a realistic
view of the current economic situation and to recognize that the
growth that science and teahnology have enjoyed for s0 many years
canno$ continue.

This is certainly no tragedy and is not likely to'do harm to the
current health of American citizens, but the commumty must
accept its, responsibility for ‘considering priorities. within a con-

strairied "budget ‘and must be willing to identify areas for both in-
creased as well as decreased support.

" While this may not be a pleasant process it is hardly unusual.
We do it as individuals and we do it as a Nation. If the scientific
community can accept those ground rules, it will be in a strong po-
sition to share with the Federal Government the responsibility for
allocation of recourses.

Finally, I certainly must acknowledge the key role of the Con-
gress s a partner in this policy enterprise. This committee in par-
ticular has demonstrated thoughtfulness and leadership over many
years as the Nation's science and technology needs and objectives
have changed.

I look forward to continued productive cooperation with you
during these important times.

Mr Chairman, [ would be happy to respond to questions at this
time.

{The prepared statement of Dr. Keyworth follows:]
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I am botn pleased anc honored to be here today. Pleased to have an
opportunity to discuss the Reagan Administration's science policy with you,
anc honored to appear before tmscComlttee with three of my. distinguished
predecessors.

) ~

»
.

In its stewaraship of Federal support of science and technology, this
’Comntee has had a signmificast impact on the course of our scientific
hevelopnent. And Frank Press, Guy Stever, and £d Bavid h ch played

important roles -- not 'only as science advisQrs, but throughout therT )

¢

careers.

A

ECONOMIC CONTEXT

Let‘ me begqin by na[ﬂng a point that may appear obvious =-- science
policy is not made 1n a vacuum. It 15 an exercise in priority-setting
and decision-making that must be carried out in the context of other
namonal policies such as those concerning national security, lnternationil
relations. energy, social services, and the econony. For example, science
policy , made without considering economc policy, )s irrelevant,
This is sspecially true 1n the present Admimastration, wheré the Pre.sldent's

economic recovery program is reversing many policies of long standing.

ERIC ~ . LT
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' Thougn reducing Federal speénaing has received the most attention,
- . R
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’
S

This country has been plaguea for years by an unacceptable level of
. f

mflatien, hish interest rates énC 2 runaway Federal budget. Complex

anc often unnecessiry regulations, as well as inadequate incentives tg
L3

encourage invdstrent ang growth 1n the private sector, have reduced oyr

procuctyvity and nternational ¢ompetitiveness. All of these problems are

tntarrelated, of course, and can be overcore only by a coordinated effort.

¢
'

o
.

oiner aspects of the President's economic recovery program have important

mplications for science and technology. t

.

--In tax policy, 1t has peen estimated that incentives under the

-

. v v
. Economic Recovery Tax Act and other Administration actions will stymulate
t 0
an aaditional $3 billron in corporate RED spending over the next five

a years., Most of this 1s expected to go for applied research ang

development,
.

o
.

.
«

--Ir regilatory policy, unnecessary barriers to 1nnovation are being

renoved. As the burden of government regulations 1s reduced, -

corporations will not find 1t necessary to conduct broad "defensive RED"

S

--tmed at regulatory complrance--and will be able to use these funds for

Mmore productive channels 'of research.
Al

-

--In fiscal policy, Fegeral RID has peen strongly influenced ’

by the stringencies of our Current economic conditions, There are

prworﬁtxes and Timits, and R&D--for all 1ts recognized worth--myst

< “contend and corpete. Considering the magnitude of the overall ,
bquet cuts, nowever, [ believe that most R&D, especially the _ .
research area, has fared quite well.

r
.* .
e - . ~
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However, wa cannot reaiistically expect tGeaccelerate spending for R&D
'n a perioe of fiscal austerity. SuPport of science and technoldgy--
especially basic research--15 a long-term nvestment that represents an
essent1al’ elemens 1n the foundation of a healthy economy. T4 finance
investments 10 scrence, both faxpayers and corporata.executives must feel
sufficiently secure economically to Invest 1n the future, We need a strong
ecoromy that encourages risk-taking and can afford appropriate funding
of scrence by doth government and the private sector. 8y helplng“the“
President acnileve his economic goals, we best address the cause of science

*

ane technology. -

Within the gontext of tocay’s national interests ind economic policies,
what Should De the role of the Federal Government in science and technology?
what shod!d pe the framework and guiding philosophy of our national science

ara technology policy? N

P

1 believe that today's Federal role n science and technology must be
de 31fferent fron that which has prevailed since World War I1. What's more,
I betreve that a chéngmhg world as well as changing national goals call
for changes 1n SC1eAce policy. Certfxnly, a science policy for the 1980's
cannot be and shoulf not be one based simply’on growth for growth's sake.
Even 1n a period of‘affldénce and sustained ecohomic growth, throwiwg
monéy a% problens néﬁ not proven to be an effective strategy. In fact,
1t has dften been responsible for furthering mediocrity rather than stimulating
excellence, But, parkxcu!arly 1n these times, we must Sharpen our focus

and make a concer:ed\effort to allocate ouf resources 1n ways that support

o

PN
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the m0st superior, pron;gsmg ana relevant effgrts. | am proposTng
a Fegeral role 1n RED which 1s appmprx’ate t0 the 19?05--1pproprnte
to a national mood which tal,ls for 1ncreased vigor ang acceptance
of responsibility D;' wndividuals and organizations in the private
-
SeCTor and decreaseq involvement by the Federal government in

many of our affairs. This is the direction 1n which we are moving,
.

and { will touch on it in more detayl later in Ay statement.

- (53

o SCIENCE CONTEXT ‘ ’
The Reagan Admimistration places great value on our country's screntific
and technelogical strength, SuppSrting s'cxence is a necessity for all
great nations, and c;rtalnly for the United States. Success in achreving
virtually alt of our national goals for the 1980's--more v1gorous economc
growth, enhanced natnonal secujrlty, a stronger competitive position in
world markets, better health &nd quality of life for all our people:-wlll .
depead in large part on knowledge and technological developments which ca. -
come only from scientific research. s o
Science 15 a critical factor in determining our ability and readiness
to meet the problems of the unforeseeable;future. NO on& can tell at thms N
7 time what all the problems of our society will be. But we tan be sure that =

many of them will be nextricably tied to science, and that our futurg >

prodblem-solving capadbility will de’p;nd on the depth and bfeadth of our scientific

13

i
knowledge, particularly upon the type of breakthrough that comes from,
~ .

basic’ research, ' i ’

B

\‘1 ~ ’
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Lan flrnly‘cpnvvncec t:§k~(ge condition of U,S. science 1S generally
healthy. That heal*h 1s reflected in the excellent and excxtlng
research takxng pface fn many dwerse fields, such as high energy
pnys1cs, agricultural sciences, astrononx, geophys:cs, fusvon, .
. laser chemistry, biomecical research and englneer1ng, conn@nlsat\on

a

optics. and mcroelectronics. [n these 2nd a broad range of other

fieles, U.S. science 's regarded as equal to or more advanced

than, any in the world. Consider the following:

--The United States Spends more money on research and deve]opment
?han any other country 1in the world and has more SC1ent1sts and
engineers engaged 1n thoge/activities than any other free world

M s

nation. . .t o

. L
.o

--The ratio of research and developgoent to gross national product in
the United States gorpares favorébly to that of other major
inqustrialized countries, f[In 1978, for example, that ratio in the- -

uUnited States/wa? 2.23 percent compared to 1.93 percent for Japan

and 2.37 percent for West Germany.

The ratio 1n the United States

1981.

¥s r1Sing and we expect will have reached Z.37 percent 1n\

--The United States remains strongly competitive 1n the area of R&D

ntensive proquc:§. They are an 1ncreasing proportion of U.S. exports
. \ ;

.
ahd cantribute positively to the U.S. international tradé balance. The
v

v
trade surplus which,the U.S. has enjoyed 1n R&D-intensive products has

grown from $6.7 biilion in 1962 to $39.3 brtlion 1n 1979, Scientifyc
research has contriputed heavily to the development of such products.

ERIC .

Aruitoxt provided by Eic:




« =--The award of Nopel Prizes provlde§ another measure of qhe he;ltn ci\g.s.
) science. In the last 10 years, American scientists have won or shared
9 prizes in chemistry compared to 6 for alle<other countr;es. In physics,
1t 1s 19 JU.S, awards to 9 foreign. In physiology or medwgine, there wer;
20 U.S. awards to.8 for foreign scientists; and ln-economfcs thg count
was 9 to 5 1n favor of the U.S: The total for the pas{ decade* 57 Nobel
Prizes for U.S. scientists compared to 28 abrodd, more than double the «

*

nurber for scientists from all pther countries combined.

Furtner,' we expect c2§ base of support for science to bro;dén. Industry
'
s dlready a key performer of scientific research. It accounts for nearly
half 6f the total U.S. R&D‘expendlture; and 15 the most dynamic element
1n our overall R&D eff;rt with almost a coubling of industrially supported
RUD oyer the pyst five years. A new 25 percent tax credit on incremental
¢ RLD éxuenqitures by 1ndb$try 1S expected to encourage the trend toward

even greater industrial expenditures in R&D.

~

. Notwithstanding the general health of U.S. science, some real concerns
must be addressed. All of us here are uncomfortably famliar with them,
so | will simply cite briefly severa¥ of the more pressing ones:
by )

--Research related to many areas of national defense rust be enhanced

1f we are to ensure our mlitary strength and readiness.

--The declining 'state of elementary and secondary education in rmathematacs
- '1 v
ang science 1s precluding careers in science and engineering for many

L]
good students’, threatening the future supply of people needdd for

these disciplines, « n

4 .
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--The tncreasing sophisiication and cost of instrumentation has placed
our univérsities in a cg:hca. position both 1n teaching and conducting

research. .

-Changing populatyon age distributions affecting both university

stycents and facuity encanger a principal mecnamsm that universities
nave for mamtammg the1r health as perforners of résearch, the constant

infuston of br1gnt, young talent with fresh 1deas and perspectives.

’ A}

" 1 will return to these 1ssues later. First, let me efiphasize ag'am
stnat this Acn{mstrauon views basic research as a vital investment with
< .

4 3000 return and Gelireves that, as a contribution.to overall national

security and economic strength, we must maintain health across the - ' .

speceryn of science, striving for excellence in all these fields. .

However, as | have stated defore, there are a number of good reasons .
why we canr’;-ot»expec: to be preeminent 1n all scientific fields, nor 1s 1t \'

) necessarily desiradle. The idea that we can't be first across the
s'aec:run of science and technology s not simply a function of our current ,

. econdmic situation. The fact 15 that immediately after World war Il v

t'ns country was alone in developing and pursuing technology. Since ! ‘ ‘i

then the rest of the wor(d has been catching up--w\th much help from us. ‘?"ﬁ

. Japan af:d western Surope have achieved technological corwpeu}lveness, 1f . ‘ % i

) not parity. This 1s healthy for the world ang for 1ts stabliity. We . ‘i
4

shouid look on this as a major success of our social values and recognize
that economically strong and competitive democracies in Japan and Western
Europe favor our national 1nterests. However, 1t follows that, because

of the'diversity innherent in 1ndustrial democracies, there are certain

ERIC . o
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' .
aregs of scrence ang technology that are more pertinent to other countries
) e L

thin to us. It 1s 1n these areas that others will dttempt to be world :

leagers. "But, there sre ardas where the U.S. 15 2 leader and must

r:tmam: so. This realization does not représent ei1ther a defeatist ., '
.atz1tdde nor 2 1ack of confidence in Aperican gclentls'ts'and sngmeers. ) .
Rather, it 1s a recognition of the realities of tc;day’s competitive worlg.s
This recogmt.fon leags to the conclusion that,’in scrence and techno'logy, -

35 1n all endeavors, availadle resdurces must be 1dentified, comparative °

\ .
3¢vantages assessed, touGh choices made, and priorities estab]isqned.

before resources are allocated. e
D e ' -
RESQURCE ALLOCATION IN SCIENCE - - .
Perennial 1ssues for policynakers--1riclyding science policymakers-~ ~.

are how D19 the budget pie should be and how 1t should be divided.

1 -

1 am convinced that 1f we are to Make the most productive yse of
our sc:xentxfxc r:esources. we must ask about the best aoportionment of

research support between the public and private sectors and also about -
the apportionment among scieptific fields and ;ctivines. My perception

1s that the Federal Government has not always done as good a Job as it -

could and should 1n making these ﬁeclslons. Difficult decisions have )
been postponed based on the assumption of future growth 1n the size of
the Federal RAD bua.ge;. We must now face up to the diffi€ult choices .

because we know Federal expenditures for science cannot and will not

continue yo grow in the way they have in thé previous three decades.

‘e e

’
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In tms tn?e' of economic restraint we need tOo Make tough decisions .
-=tougher than‘uere necessary during eras of rapid growth. T[lere is an* -~
- _me'n:able tendency uhe‘n budgets are 1ncreasing to add resources to the
best research areas, but aot to take money awdy from less productive .
research ar;as. even if thy have passed the days of their most important ' ‘
and excl\tlng uor.k. We can no longer afford that luxury. Similarfy, in -
tight budget times, there is a tendency to avoid t:)ugn decisions by

applying cuts umiformly across all fields. We can no longer allow

ourselves this easy way out of hard choices. N

'
.

1 believe the discipline of makiné such hard choices will ultimately
~ \ .
» benef it science, Just as the occasional pruning of a tree can promote,

rather than retard, its health. While this is not a popular notion, budget’

stringencies force us to think more deeply about how and why we makk choices
and whether we are 1n fact using our resources to best advantage. I recently
commented to a fellow scientist who also Ahad been e[\gu!fed in the management
of science that my Own experience leads me to believe that the best overall
.quahty of research may not occur in times of accelerating support but in .
times of moderate restraint that force qualitative decisions. After

' monen't's thought, he reluctantly cdhcurred.pointing out that an environment
of accelerating support 1s, however, much more fun. ) .

Reductions in support of a research area do not necessarily lead to a

s

proportional reduction in research output; by exercising discrimination

within a digcipline, the best and most productive research can continue

-
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to be‘supportec- Jvth thts approach, the se.r’enmp!tous nature of scientific ¥

discovery ls\not demed. A s€lective -ec'.phans and deempnasis, taking into - B |

account past procuctivity, present vnahty.: and future promise, 15 smﬁy .
. ’ .

good manegenent of public funds. -Besidel exercistng discrimnation 1n

the support of rese‘arch areas, we must also ensu‘re that our research + ’

actrvaties are properly capitalized. Ever: 1 1t means reducing the number

0f part1cIpants 1n sone are3s, we cannot continue to, assume that ‘ ‘

. équlpn?t and faculit'y needs can be deferred to a better, future budget .

climate. 3 ' . Rl

- o . L .
+ The scientific and téchnological comu.mty nust learn to participate
n tm,s.'assessrcnc by playing a more forceful and critical role, Through
aév';‘sory group$, peer review, testimony before the Cangress, am; other ’
mechan1sms, sqient1sts and engineers must e\xercise. the same,dlscn_mination’ -
that ig\requlreq 1n the darly execution of their research. 1 do not believe °*
that there are nherent scientific difficulties for experts ijn a given
drscipline to 1dentify areas to deemphasize as well as_those meri'ting ' e
Py new empfiass, Rather, the real difficulties arise from the psy(;?;ologlcil .
and soclbloglcal aspects of the 1ssue, It 1s necessarily more o
difficult n;:n the assassment spans several fields an’d parocnial‘ism

mnevitably interferes. Yet, I bhlieve ,)udgmental__aec]sions can -

be made more effectively rhan we have in the‘past. e ,
1 - . L]

' ’ b .

5

' To 'those who may st111 hope for constantly growing budgets 3cross the
board, let me say this -- that time has passed and we need the scientific .

cormunity's best and rost thoughtful Judgment and advice to maintain the
¢
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. neaith of our science and technology base. To those who object to such

1] 9
uncertakings, and to all ny scientific colleagues,, | must say that 1f '
A

’ scientists do not make such choices, athers will, but with Jess acuity.

/ ‘ a ) *
. PRINCIPUES FOR ALLOCATION gt scmcz R e .

B
f 4 ¢ s N A

My views on how we should approam the task of eléc;ing‘ﬁr‘ﬁgb quality

.

e

science have not been a secret. They can be summarized in one word--

discrimnation. By this I mean application of specific criteria to .

.

dlgcr!m\natlng between sciept1fic areas that are most pronusing and

those that are less promising. The first criteruon must be excellence.

Excellence should be the basis by which one Judges the quality of science i
. .

--the excellence of investigatoFs, the excellence of the field. In
. < s
scientific ende}vorls we should, above all, advocate’ an unabashed meritocracy. . -

. We must De surs that there 1s an open door for all to acheve the merit <
- ' ~and excellence needed for the best science, and theaa;gpport the ndividuals,

groups, and 1nst1tut10ns who succeed 1n walking through that door. -

N
. —~—

# R
R Far applied research where we have a specific objective 1n mnd,
a second criterion must be added, that of pert1nenc$. While both these -
’ . critera 1nvolve value judgments and thus the possibility of error,
the criteria can be reliadbly applied at their extremes, thus leading .
us to enphas:ze the most prorm sing avenues and to deemphasize those Judged

. to bé less prom:;ung. . ) \
. . . .
N . N i N N
£
. Both excelleace and PErtinence imply attention toO results: What gives
R .
us, the rost return for the dollars spent? There have been moments Since

~;<,é
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. NN
s 1 CaRe €O Washington wnen [ worried about the tendency to Get cauynt
up 1n percents of‘budgets and p'ercent 1ncreases ’mlgudgets while forgetting

-
Athat we are 1nterested.in results -- past, present and future.

* I

N 'These principles relate to support of science by anyone--pu_bhc Jr

p'r1vate, govern'ment Br industry, in‘dzvldual or institution. From the
S ' perspective of my Office, ~and of the &ongrass, we must also discuss
;;rfgmples for the division of pu'blic and private sector roles and
relationships.

Many of fpe principles for public versus private sector role; are not
new. In general, the private sector will not support an adequate level
of research because of the rnabllit; of a firm to capture nar{y of the
‘ benefits, and because’ of unce;tnnt;y', risk, and the peed for large-scale,
tong-tern investments. Private instjtutions also skew.their investments
away from basi;c or long‘-tem research toward applied and short-term
research and development, ;sbec1ally in a‘business environment

chargcterized by a perception of capricious regufation and continuing

high inflation rates..

Argurments for a government role in civilian R&D 3pply most strongly
«to bisi¢ research. Hhile so;.ae basic rese~arch 15 supported by the pr;vaté sector,
the results of N%lc research do not generally show up direétl; as new products
\ or producn;n processes, but as information and krfowledge that are ea;ﬂy and
widely available to everyone. Thus, there 1s less incentive for firms to Support
¢ N

-

I8
N i
L.
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basic fesearch. Basic research warrants government suﬁport because

it 1s an investment 1n the future--1n a better qual1ty_of l!fe: better security,
4 better economxe‘and simply better ﬁnderstand:ng. In addition to its general
;ocxetal ben;fit. baﬁxc rgsearch 1s essential to the conduct of many act1g1t1es,
such as defense ahd space, for which the Federal G;vernment has responsibility.
It Should‘thus be a component part of the research budgets of all government

agencies whose missions depend upon a strong scientific and technological

base. ' !

f LI
. N . R

.

while basic research should be&gupucrted by the private sectér

wherever pessible, goverpment has a key, necessary role 1n assuring that

the support of fundamental research is adequate. ‘Decisions beccme nore
Yoo,

complex, however, as we try to decide on what constitutes an adequate level

.
.

of supporz. i
r . .
Before dec1htng that Federal support of any area is appropriate, we
want to ensure thét Ehe value,of the benefits we expecE the nation to derive
. Justify the cost to the Tederal taxpayers. These are not easy judgments to make.
Because of this difficulty many have proposed tying sdpporg for basic research
;o some ofher factor such as GNP, or assuring that there 1s some specified percent
growth each year. f do not beliete such an approach 15’:15e. because it does
not relate to the quality of the basic research itself. While deciston-making

mdy not be easy. we should not derogate from our respons1b1l1ty by adopting

crules of thunb that tie the support of ba$ic research to some r1g1d external

factor.

&
’
. .
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With the difficulties of making sdch judgrents {n mnd.,le"t me suggest
some guidtlines. First, because of the nature of basic research and
the inherent uncertatnty of jts appliGation, wide-ranging support

across fields and subfields of science should be maintained, thus

providing the country with a capability to take advantage of important .
’

L] - .
breakthroughs’ quickly and to respond to changing needs. -
. .

Second, research supported by missioe agencies shoulid generally encompass
both basic and applied research in disciplines appropriate to the execution
of the mission, *

»
% .

Third, government support of basic research, to the extent such research
s carried out in educational institutions, influences our abiii‘ty to meet

1

S
our future scientific and technological nanpower requirements. Thus manpower
requirements and research support policy dre interdependent and should be
‘ coordinated‘. Increasing participation by the private sector in this process,

stimulated by tax i1ncentives for academic research support, will strengthen

\ 4

~ "
this link. N e
3
- 0 -
Finally, there is less justification for a Federal Government role

in applied research and development, except in areas of dominant federal

responsibility such s defense.“spac.e. or particular aspects of the requlated
L 3 -

. nuclear incustry.’ There are also areas of shared responsibilit’; such as health,

¢
a

educatvon..and agriculture, where the broad societal benefits justify some Federal
€
involvement. The case for government Support of development. ts weak, except

for areas where governnent s the sole or dominant buyer.

- . Oe »

O ¢ i ’
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1

‘_ Ts withn the capability or respossibility of the private sector to

flipport. Wmile this printiple may not sound new to miny of you, I think

* We should not subsidize technological developrment and demonstration that
»
’ ‘

8 . you will find 1t more stringently adhered to by this Admmistration than

, has been true 1n the past. - K

# . ~
. Let me now turn to some specific issues that are of concern to this

Administration and to the Congress--defense, science and engineering
’educatlon, innovation, interpational cooperation 1n science, facilities -
in& mstruﬁeniatxon, and lnsgitutlons of science.
" SPECIFIC ISSUES °
Defense , .
We have made 1t clear in earlier statements that the' Admin)stration
cons'lders two areas--industrial rejuvenation and national defense--to be
’ critically dependent on near-term dgvances 1n science and technology.
Those priorities are evidént iﬁ our economic policies and 1n our RLD budget
Tproposals. We expect ind.ustrial progress to be fuele(rpriman ly by the more
favorable econonmic climate for investment provided in The Egonomlc Recovery
'Tax Act, and we plan to ensure our defense needs by direct government
R4D funding. Specifically, we have proposed to increase FY 82 Depa’rtment of
Defense RZD by 21 percent over 1981. Within that funding, we also plan

an increase of 15 percent n basic research fundin'g within 0oD.

. X 1 wish to make {t-clear, however, that these are long.Overdue ‘inireases

and they represent a carefully considered evaluation-of R&D needs and
¢

.
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‘

opporiunities 1n gefense areas. .ln recent-years we have.deferred attention ,
L0 3 nurder of pressing cefensé needs--both technological and operationai--
4na we ouSt Now naxe some Sudstantidl cormitments to Support restoration

#* Of an agequate defense RED base. 8But precisely because défense needs

are so broad, we st1} face hard éhoicesin whit needs we can reasopably w

.
-

meet.
Basrcally, we look to sCience and techno'logy to provide ys with 4

tecnnologlca'l superiority in defense. As a free nation, we cannot matchc v

cur potential adversaries in terms of minpour or deployment of materiel. -Ad T

1our ability to develop a “stealth” technology to protect ajrcraft 1s an

example of a way to substitute superior technology for sheer numbers,

To pursue thv; objective we rmust support prograns and institutiond

that seex, nurture, and capitalize on the kind of new knowledge that

supports developrent -0f new technologies, We will éontinue. to evaluate

our overall science ang :echnoloﬁy progran --poth civilian and mi Hitary--to
. . . R .

make sure that the flow of both knowledge and personne] is adequate to

meet fyture defense needs. N

L3
Science and Enginéering Education

Certainly one of the critical parts of the science and technology
infrastructure 1;5 the nation’s education system. We are, today, expe.rienCing \
shortages of qualified personnel in several specific areas--notably computer
science and some ields of engxneerlng--an.a are told ‘tha: these shortages may
extend to additional technical fields in coming years. These shortages’ result
primar'i ly fr;m the:good health and vitality of some very proau'ctiv.e industries,
which are growing rapidly. Unfortunately, the accompanying high demand for N

LI
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“ine needs of inaustry, the demand on the academc community to meet those

ERI
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.of the Nation for technological growth are genegally consruéht.
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for the best yoyng talent 1s having a deleterigus effect on our nation's
unjversities. Not only are the universities finding 1t 1ncreasingly dlfflcu\t
to recruxt ang retain faculty, but they also find 1t 1ncreasingly difficuit to

attract graduate students, becauSe,industry 1s quite willing to hire B§,or

MS engineers and computler scientists at hléh §alpr1ts. <
4 < \ . ot
. . R
Te L e
But, although ths 5\tuatlon has serlous national impitcations, 1t 1s -
primaryly one of a marketplace working as 1t shOuId and does nct require &

massive Federal response. In fact, n the very few years that this si1tuation
has been developing, we have seen substantlal private sectdr concern and
response. ’Industry knows all too well that it is critically dependent

on a ﬂeal:hy university system, both for new knowledge and new tal;nt.

Leaders 1n engineering fields and high-technology industries are actively
seex1ng New mechanisas--ranging from 1ncreased private sector financial support
of education to stimulation of new resources from State 9Bvernments. As 1
pointed out 1n ny staterent to 2:15 Conn1ttee on October 7, this 15 a probiem
that nust, and can be worked out by those who supply ccientific and engineering
manpower and those who utilize 1t. If there are questions of the quality

and future avatlability of techmical manpower -- and there are such questions
“e it clearly is in the Bes: interests of the “consumer™ to take thg

necessary actions to ensure that 1ts needs are met. And 10 this case,

needs in a way that promotes continued academic excellence, and the needs
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Jngerlying {urrent prodblems with the quantity and quality of trainec
s¢rentrfrc ane eﬁgmeermg' manpower 1s the wedkness, overall, in our coun%’s
elementary and secondary schoal®preparation in m;tﬁematxcs and science, Since
1970 there has been a nation»“.de treng toward reduction of high stéhool graduat:wn

T rFequirements in mathematics and science. In response, colleges have reduced
‘thetr math and screncesrequirements for admission. By the age of 15 or 16,
mast studgents have made a3 decision that effectively cuts them off fr:l;m future
careers 1in science and engineering--which just happen to represent the fastest

» g
growing career opportunities.

Contrast this practice with that of other inaustrialized countries v
In Japan nearly all college-bound 'students take three gcience and_fbur math
courses durtng high school. west Germany is similar, and emphasis in the
Soviet Unton upon science and techr;olggy:in slementary and secondary

schools 3s even greater.

- { Y -
*

While I don't necessarily enac;rse the philosophics that guide ‘those )
. other systems, | am impressed with their pragmatic commitments to science
) education. And it seems obviou$ to me that this is an area in which our
' systen 1; deficient. The causes are not at all clear. But,ﬁ suspect
that the most important determining factor is"the public attitude‘to»‘ard )

education and toward science’and technology.
4

'N

Despite the Administration's real concerns in this area, improvement
. o
in this unfortunate sityation 1s the responsibility of the schools
themselves and of the communities that rub them. [t is up to :he,‘state

- L
and local governments to decide what kinds of specific resources should

o

E MC 92195 0-f2——3 o

Aruitoxt provided by Eic:

ron




[Rd

E

30

. .
be provided for science and mathematicé education in thedr schools--and ]
to prOv;ae tgem. This diversified responsipility should also encourage
the local assistance ana participation by lndust;y and professional
groups n developing adequate programs in sc:;nce and mathematics

.
education. o '

f N -
'

. ‘J N v

INOUSTRIAL INNOVATION

There s 1ncreasing evidence of decline in innovation fn industry
parali€lang the decline in the health of the economy and increasing Federal ‘.
regulation. - Long-term investment and risk-taking have suffered a8 the
result of econom ¢ uncertainty, and research and developnent have focused
on incremental changes in existing procucts and on méeting regqulatory
requ\remeAts as the result of 1ncreasing corporate conservatism and Federa!
regulagory activity.

.
14

The economic g\tallty and internatfonal compegltiveness of this Nation
depend on a stroﬁg, innovative industrial sector. It is éhe policy of this
. Administration to strengthen the industrial se@toréand to stimulate its
innovativeness, not through direct Federal Subsidies and intervention 1in
corporate d;ciéion-making, but through the provision of incentives and

elymnation of distncentives. Accordingly, The Economic Recovery Tax Act a
i

.

signed by President Reagan earlier this year, contains R&D tlx\credlts.

acchlerated aepreciation schedules and Other incentives designed to stimulate

increased corporate i1nvestment in research, development, and innovation.
/ O .
In addition, we are working with this Congressional Committee and others to

fashion patent legistation which assigns té private sector organizations

- .
A ]

i
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[
the rights to Xents developed under Federi‘l RZY funding. Over the next

several months, we will be girecting increased attention to these 3nd

A

other incentives’ designed to increase 1npnovation, . ?
¢
: y S
Symlarly, I am 1ncreasing ny jnvolvement in Administration efforts
to lighten the Federal regulatory burden on the private sector. We feel
that an effective approach to making Federal regulations more rational Js . *
to strengthen the scientific basis for regulatory decision-making. Recently
I was appomted to the President's Task Force on Reguhtory Relief, chay red
T the Vice Presadent and asked to chair a regulatory work group on science
and tecnnology mqlumng the heads of the’five major environmental, hea!th,
- and safety regulat(;ry agencies. NWe intend to use these mechanisms and others

to improve, through science, th“e&ratlonal bases for establishing regulatory

'
priorities.

International Cooperation 1n Science 3

v -
~

¥ Let me now turn to another area--international cooperation 1h science,

Screntists have traditionally led the way in searching "out those around the -
» -~
world whose work was allieg togtheirs. Certainly the United, States benéﬁtted .
tremendously before World Hat: lI‘ fronm the interaction of wts scientists
with European screntists, and we benefit today from the healthy conpent‘mn
. -
among scientists of all mitions.

>

>
*  Partrcularly 1n areas of basic research, international cooperataofz..

today offers us some welccme opportur’nnes‘ to share expensive frontier 7,
research that otherwise would be impractical to pursue. We should enbraz:e.

the opportunities to 3oin with other nati1ons ini shar1Ag the hi gh costs of

w
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. ) .
mouern- tacilities a;\d instrumentation, Just as American scientists travel N
el sewhere to do research, we have long: welcomed foreign astronomers to our
observatories, foreign oceanographers to our ships, and foreign physicfsts
- to our a,ccelerators, and we will soon be carrying foreign satellites in our
' Space Shuttle. We are all richer for th‘e éxperience. v
.
Qur general policy with regard to tinvestment i these and other, more
elaborate, joint projects 1s that we will give priority to those projects .

i that best serve our national needs.

Facilities and Instrumentation .

| mentioned earlier the need for the scientific community itself to

share responsibility for establishing research priorities in the many

"fields of science and engineering. I think it likely that the various

communities will be called on to make similar decfsions about ngw
‘facilities. Across many different disciplines in universities,

.

equipment and instrumentation for both research and frctruction are” s
vutdated and obsolete. { am myself convinced of the serious needs for
modern equipment in cur research universities.

But, ! am not convinced that the sofution lies with the Federal government .
- &
alone. 1 believe that the communities themselves, work¥ng with their

supborting agencies, must decide which of their needs are most important and
how best those needs can be met. For example, a university may be forced

v

to decide whether jts equipment needs are important enough toljustify an

v

offsetting reduction in some other category of support--or possibly in

-
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scientists should participate suchy judgments. It seems clear thdt

a more sustarnable ‘ratio of capit 1 toyoperating funds in our research support

, Tust be achreved. Fdr this reason,\the Eonomic Recovery Tax Act contains

. v .

tax ncentives for industrial equipment contributyons to academic institutions.
} N

It vs intended that these incentives will help to increase the role of the’

private sect®r 1n maintaining dnd up§rading the quality of uﬁﬂver51ty research

equipment and facilities, B I

Institutions of Science D *

{ am concerned, as I know you are, about how well the various wnstitutions

. N

that ~e rely on for resedrch ang developnent are prepared for the future.

In particular, universities and federal laboratories, important natiofal resources

and key to our overall science and technology base, are faced with re-evaluating

their roles, .
L
) . M
a The umiversities' inmediate problems are financial. Because of large

cemmtments to fixed costs of faculty salaries and maintenance of factlit1ei‘

V'many are poorly positioned to adjust to current and projected decreases in Student
populatlon;. That, plus the ever-present problems of shifts in course R
enroliment -- such as the current h{gh dena:d for courses 1n Eomputer science
and engineering--ray force some structural changes in higher education. For
example, umversaties, which have traditionally respondéd to demand and paid
higner salaries to medical and law faculty than to other faculty, may be forced‘
to further perturb the concept of equality among professors by raising engineering

‘faculty salaries to attract new engineering professors and to keep those they .

have from leaving,

ERIC .
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Some tnstitutions cay also fxg'd that the tenure- system, coup!eq with
low “turnover 1n most ult} positions, commits them to maintain a large,
ag1ng facul.ty unsuited to today's -- or tomorrow's -- instructional
needs. In tne‘absence of growth 1n faculty size, Mring of new, young faculty
memberg becomes sne‘arly impossible. This can have serious 1mpacts on the
integrity of the 1nstitution itself, and we may see some attgmpts to

modify the tenure systen to restore some flexidility to the schools.

- [
13 L]
The Federal Government is unlikely to 1ntervene in this procass,

. o

even though it has a stake in the cogtinued health of university research

and a;socuted education, Instead, I see the government's primary role as a

supporter of e;ded research. The umiversities, along with the science

and engineering g::mmmtie,s. must assume responglbﬂity for creating a

campus environmeft 1n which t;e bes.t'%researchers want to work and teach, br
v ) tz‘\}‘e the 'chance' that a deter‘iorating quality of 1ife on campus may drive
thl‘research‘er elsewnere. «The current tug-of -war between indus.try and
universities for molecutar biologists is a striking indication of the

- E

pressures that .can develop.
¥

—

The role of the Federal laboratories 1S d\fferen) agdin, because
they are creatures of the government. But many of them are now more than
30 yean old, their original mssj‘g{[s in some cases long ago accomplished
or outdatad. A l,arge amount of Federal R4D funds goes to these labs.

Can we honestly say that all of 1t 1s well-spent according to the crterid
of excellence and pertinence? [ 1ntend to concentrite on this fssue

during the coming year as we examine the role of these institutions,

O
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100k at their mis$s10ns, and evaluate the returns on our nvestments.,
, ,

One thing we shoyld be thinking about. however, 1s How changes in the L

Federal labs could complement changes 1N univessitieds Perhaps the labs‘,wﬁ
. et SR

may be able to augrent the research opportun}§1e;~at arfeersites

! ~

S~
through broader use of théxr extensive facilmes. The labs, like the
vaer,gw!es. can play an mpportant role in preserving and enhancing oyur
natsonal capability €o produce new science and technology and to train ~

> .

new scientists and engineers. However, one cavedt: the Federal labs . ‘ .

. ’
’

should not slip 1nto 3 situation where they are corpet ing with private sector &
research, That means they must have'clearly defined missions of {mportance

to the count?y. . 1y 5

CQHCLUSION o '

3

Mr. Chairman, | have tried to Jay out for this Commttee both :r;e
ph1losophy guiding the Administration’s science policy as well as our
positions on s'ome‘specif'ic issues. I would like to emph'asue that we
percen)e é&[) as 3 medns to achieve necessa:ry nationat objecnves. For
t;at reason I have talked at length today about the Admimistration's efforts
to stimulate‘a strong economy and provide appropriate incentives for private
sector expansion. And, [ have discussed the appropriate role for government 1n
sclence -~ where, as 1n defense or basic research, government has .a clear =
responsibility, and where, as in cormercially oriented developrment, 1t does '
not. [ want also to make the pomt‘ that ;e bel1eve this division of responsibiitty,

coupled with the variety of incentives being provided, to the private sector,

will encourage and stimylate econom cally and socially beneficial innovations

.

on 3 broad scale. . -

* . Y
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3 .
I have a1so stressed the need for discrimination 1n science and the role of
the scientifi¢ cocrunity 1n the formation of Science policy. I believe it
. .
is vitally important for the cormymity to take a realistic view of the

-

current eqbnomc situation and to recognize that the growth that science and

’

tlechpology have enjoyed for so many years ca}\not continue, This is éertainly B
no tragedy I:T\d is not likeley t9 do harm to the current health of American

N sclence. But the comunit} oust accept ats responsibility for considering
priorities within 2 con!s'tralned. budget and rust be willing to 1dentify areas

for both increased and decreased support. While ths may pot be a pledasant

3

process, it is hardly unuSual; we do 1t as individuals and we do it as 3 nation,

1£-the sclentiflc cormunity can accept those ground rules, 1t will be in 2

strong position to share with the Federal Government the responslb(hty for

' “allocation of resources. )
-4

N .

a . * , . '

. R 3
Final¥y, I certainly must acknowledge the key role of the Congress as
' .
. . ] .
_partner 1n this policy enterprise. This Committee in»partlcular has -
demonst rated thoughtfulness and leacership over many years as the Nation's

science ang téchnology needs and objectives have changed. 1 Took forward
"~ L

to productive cooperation with you during these mportant times.
. vEree

" %

Mr. ChairSan, 1 would be happy to respond to questions at this time. -
-
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Mr Fuqua Thank you very much, Dr. Keyworth: You have mea-
tioned the Government responsibility in basic research and so
forth. :

Has the Government done a very good job in managing 1its basic
research dctivities over the last number of years?

Dr Keyworth I think the Government -has done a reasonable

" job, perhaps even a good job. The point that'l am trying to make is
that I believe the Government can do a considerably better and

more responsible job in the future. .

Mr FuQua. In the fiscal year 1982 and 1983 cuts that are under
discussion and coming up now, do you see a series of years, say
1984 and 1985 as well, as-requiring further cuts in the R. & D.
budget before a period of stability is reached or will we reach a

. period of stability prior to that time? °

Dr KeywortH. Mr. Chairman, I worry about this as I know you
do, because periods of fiscal constraint can be beneficial over rela-
tively short periods, in my opinion. ’

L will simply point out that to separate growth.in the Federal
support of science and technology from growth in the Nation's
economy is in my opinion not realistic, but I do have serious con-
cern about maintaining the health of the science and technology
base of this country over extended periods of intense fiscal con-
straint, and I think it points again to the simple fact that if the
country’s economy deteriorates over a. long period of time, our sci-
-ente and technology will necessarily follow.

Mr. FuQua. In the field of science and engineering education,
which I think is very critical lo our science and technology struc- -
ture that we have in the country, you suggest'in your statement
that the responsibility rests with local schools and communities.

Ypu do not feel that there is a strong Federal role in providing
leadership in these areas of manpower training? -

Dr. Keyworth. I think the Federal Government has a clear and
permanent role in the leadership of American education. It is cer-
tainly maximum at the college and graduate level because we the
Federal Government are the principal supporters of the research
that supports this training. _

On the secondary school level, for example, and lower, high
schools and primary schools, I believe very strongly that the Feder-
al Government also has a role, but that the primary role rests in
the hands of the State and local governments. . <

Dr. FuQua. You mentioned that we have all been very proud of
the number of Nobel Prize winners that we have had in science
and medicine and all the scientifi¢ fields,/and you cited that, in
your testimony. E

That came from investments we made in basic research in years
past. Do you think the course, that we are following nowewould
result in a deterioration of the quality of scientific work and, say,
the number of awards? ~
" I know We have no lock on the Nobel Prize winners, but we have
historically led the world in the number that have received that
prestigious award. Do you think that 10 years from now, 20 years
from now, that we will see an erosion of that support? .

'

" "
.
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Dr. KeyworTh. Mr. Chairman, I believe fervently that a concen-
tration on quality can improve the overall strength of the Ameri-
can basic research activity. o .

However, we must be realistic in observirig the Thcreaged-activity
in other parts of the world. For example, Japan to this day has a
very small activity in basic research. ) .

I personally discussed with the Prime Minister of Japan, and the
Minister responsibile for science and technology their present in-
terest and emgrging interest in trying to build a basic research ca-
pability in Japan. ’

T think necesarily the rest of the free world will expand its ‘activ-
ity in this area and, therefore, I expect that the sort of majority
position that we have maintained in the past may not be as large

However, I emphasize that the health and quality of our scientif- -
* 1c base I think can continue to flourish and increase with an em-

phasis upon q‘i‘ality.( . .
Dr. Fuqua. Thank you. <
Mr. Winn? :

* Mr. Winn. Thank you, Mr. Chairman. .

~ Mr. Chairman, I'think I will pass on my questions and give the
rest of the committee a chanoe, and ask that you recognize me at
the end. . . .

Mr. Fuqua. Mrs. Bouquard? . B

Mrs. Bouquarp. Tharik you very much, Mr. Chairman.

Dr. Keyworth, what is your view of the science advisor’s role in
determinin%the applied research and technology development bud-
gets of the R. & D. agencies?

I am sort of concerned about what your priorities were in having
a say in these budgets. For instance, do you intend to appeal the
OMB cuts in DOE's nuclear fusion or fossil energy programs and
how do you feel about the cuts in NASA’s programs?

Dr. KEyworTH. My role has been a quite clear one. I have served
as an adviser to those elements of the White Housé that have been
involved in preparing and discussing the fiscal 1983 cuts in all
areas that encompass science and technolo%y. , , -

The specific ones to which you 4refer, I have been intimately in-
volved with and I will simply apologize for the fact that since we

- are in the midst of the appeal process, T would rather not comment

at this time on my specific stance.

. Mrs. Bouqua#p. I notice that our support for fusion R. & D. is

dropping-in spite of the administration’s rhetoric about saving the

nucjear option. .
'%e R. & D. is being taken out and we are not having the part-

- nership with industry which has been so important, and I think it

is a very vital element of our international trade policy.
Dr. KevywortH. I certainly agree with your interest. However,

» our support of nuclear energy has addressed one principal objec-
.tive, restoring health to the nuclear industry to an extent that will

allow nuclear energy to compete with other enexg sources.
JI contend that much of the role that the Federal Government

has played in the past in support of nuclear energy is tantamount
to the role of a dead hand oh-the agtivity of private enterprise.

" We are trying, in other words, to target our spending in support

of nuclear energy as directly as we possibly can, and we have been
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in very close consultation and partnership with the private sector,
utilities, the nuclear industry, et cetera, n trying to assess these
directions.

Mrs Bouquarp I held hearings in my subcommittee this week
. on the issue of electric energy systems and storage, where the ad-
" 'munistration has told us that there will be zero funding for these
programs, that theyifeel there is no Federal role in developing
technology to transmit or store energy. .

We know very well that our allies are going to take the ball and
run with it and this is another area where we are going to lose out
on the balance of payments. :

It is true that there are tax incentives for industry to expand,
but this only helps for short-term R. & D. But for the long-term R.
& D, 20°or 30 years, there is not sufficient incentive or money in
* the private sector to take the ball on this R. & D. work.

Dr Keywort. I think the Federal Government and this admin-
istration is proposing a very healthy and tealistic support of long-
term energy R. & D. I think the private sector is carrying an in-
creasingly important role in the support of primarily short and
midtermh activities.

I'think the principal concern and differences between our admin-
istration and previous administration's invelves this midterm area.
We are watching today the actions of private industry in taking
new directions and pursuing new directions in energy R. & D., and
I will say that I think we are totally encouraged at the actions and
directions that we see occurring today. ' '

I think the Federal Government is supporting a very healthy,
stable. and adequate long-term basic research capability to support
energy R. & D., in summary o

Mrs. Bouquarp. Thank you, Mr. Chairman.

Mr. Fuqua Thank you, Mrs. Bouquard.

Mr. Flippo? ) -

Mr Fuppo. It is a pleasure to have you here, Dr. Keyworth. )

In the Washington Post you were reported to have recommended
against the continuation of NASA's planetary program. Is this
true? s .

Dr. KeywortH. I would welcome an opportunity to elaborate
somewhat on that rather crisp statement attributed to me.

The answer goes back to the word “discrimination” that I used
as the center theme in my testimony. We have produced a new era
in space science with the new capabili\ty of the Space Shuttle.

I offered that as a statement and followed with the statement
that planetary research—planetary exploration has dominated the
American space science program for more than the last decade.

We desire to support a strong space sciénce program across the
three general ageas of what I will call space science: Planetary ex-
ploration, solar-t&restial science, and astronomy and astrophysics.

Mr Fuipro How do you fgél about the Galileo project? Have you
supported it to ©MB? '

Dr KeyworrtH I have discussed the Galileo project extensively
with OMB 1 think it is a good mission. The question of whether we
can afford it is under consideration now.

Mr. Frippo. Have you specifically supported it to OMB?
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Dr. KEyworTH. 1 cannot comment on the role that I have taken
as an advisér to the administration.on a specific budgetary issue
under consideration at thi$ time. Excuse me.

Mr. Fupro. You talk about the health of US: R. & D. and its
percentage of GNP. Are you including in your figures R. & D. for
. the military when you talk about the-sgrowth?

Dr. KEYWORTH. Yes.

‘Mr. Frippo. How does the growth of R. & D. as a -percentage of

GNP compare when you remove R. & D. for the military?

Dr. KEYWORTH. Are you speaking in fiscal year 1982 or 19837

Mr. «FLipPo. You made the statement in your testimony that
R. & D. expenditures over the last several years had compared fa-
vorably with other nations and I was just wondering if you were
including military R. & D. in your statement on page 5 in the
middle, whére you note that the ratio of research and development
to GNP iglfthe United States compares favorably to that of other
industridiied nations. .

I am wondering if you include military R. & D. in those figures.

Dr. Keyworrs. Yes, I do. ’

Mr. Fupro. How would it compare }you removed military
. R. & D21 think a reference to Japan should remove military R. &
. D. Japan has no military R. & D. and I was wondering how well we
are doing if you eliminate that? ‘

Dr. KEyworTH. | have in front of me the new science indicators
that addressed total research expenditures, not R. & D. expendi-
tures, which I believe will address the point that you are trying to
make.

I see from 1960 to 1981, with a couple of exceptions, a constant
increase in constant 1972 dollars.

Mr. Furpo. Well, I note on page 16 you say that we need to re-
store an adequate R. & D. base, and I think your reference there is
to military or defense R. & D. ‘

How do'you classify military R, & D. or defense R. & D.? Today
we are greatly dependent upon civilian nuclear power, but during
the efforts of the thirties and forties, nuclear science was closer to
military R. & D., wasn’t it? -

Dr. KeyworTH. That~is a good point. That is why 1 emphasize
that I believe all thé mission agencies should support a substantial
level of research in those disciplines appropriate %o their mission.

The Department of Defense supports, and I believe the fraction
will grow in the future, an excellent basic research program. MIT
and Cal-Tech were built largely with DOD funds.

Mr. Fuippo. Mr. Chairman, I would just conclude by saying that I
agree with your statement that science policy made without consid-
ering economic policy is irrelevant, and I think that economic
policy without regard to science policy is also irrelevant. ~ .

Thank you, Mr. Chairman. ¥

Mr. FuQua. Thank you.

Mr. Weber?,

Mr. WeBER. Thank you, Mr. Chairman. ’

I have a couple of areas that I would like to ask Dr. Keyworth
about, and I realize some of this is speculative. One area, initiated
by Congressman Ritter when he was a member of the comimittee, is
putting risks and hazards into perspective. He has legislation deal-

-
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- ing with that subject which this committee is probably going to
. work on next year. -
. I wonder if you have looked at that legislation and what your
comments migl)mt be on putting hazards and risks into perspective
- and, more specifically, comment on Congwssman Ritter’s legisla-
tion.

Dr KeywortH I have been appointed to the Task Force on Reg-
ulatory Reform, because of the recognition of the importance that
scientific bases play in a rational regulatory decisionmaking proc-
ess, and it is becoming a major activity of myself and my office.

We have been working with Congressman Ritter on his bill. We
have been discussing the objectives and I believe that we, with
Joint effort, are coming up with a bill that the administration can
enthusiastically support. o

Mr WEeBER So you expect to be supporting the Ritter bill at
some point?

Dr. KeywortH. Yes, | do.

Mr WeBgr. The second area I would like to ask about involves
one of the trial balloors, or leaks, or whatever you call it, that we
have been reading about lately in the area of the National Science
Foundation budget. ’

I supported the budget levels that the administration asked for
last tirhe and would like to do so again. However, the committee
disagreed with the administration's contention that we should zero
out the science and engineering education area.

Now we hear that that again is possibly going to be proposed by
OMB or whHoever proposes those thirigs.

Can you give me your thinking on science and engineering edu-
cation, what the Federal Government’s role should be in that area?
Why do you feel that such a program is a less virtuous pursuit
than some of NSF’s other activities? ‘

Dr KrywortH I have been spending a considerable amount of
my time on this subject. I wish to point out that this administra-
~—=- - tion perceives the Government's role in science and engineering
education as an important one: .

However, 1 spoke of discrimination. The administration posture
on the National Science Foundation budget for science and engi-
neering education was one based primarily upon a value judgment,
a measure of the excellence of those programs, not of the NSF's
~ role in stience and engineering education. ]

We believe that fellgwships are in part a Federal responsibility. T
have encouraged the %fationai Sctence Boardsto identifyfuture-di—-.
rections that the National Science Foundation can follow in im-
proving our education base, and I was just informed yesterday, in
fact by John Sldughter, that they are proposing and trying to de-
velop a program in support of improved secondary school science
education. "

Mr Weser 1 appreciate your perspective. I would like to endorse
your comments on the graduate fellowships. My State_is host to
high technology organizations about as much as any. I have talked
with people at Honeywell, 3M, and Control Data and they believe
that the fellowship is extremely valuable, and if any program in
NSF degerves expangjon, it should be that one.
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One controversy that ranges throughout this committee, whether
it involves synfuel plants or Clinch River or any other project is
the administration’s policy that appears to favor not R. & D. but

* . actual commercial-level projects.

I waould like to get your thoughts on that if I could. -

Dr. KeyworTH. I think it is clear that our administration feels
that the Federal role in demonstration should be minimal—even
approaching zero—except in those areas where the Federal Govern- ,
ment is the primary recipient, such as defense, for example.

The exceptions I think that are presently perceived can be attrib-
uted to specific considerations such as the nuclear industry.

Mr. Weser, 1 would like my silence to indicate that I am out of .
time, not that agree with that.

Mr. Fuqua. -hank you. : -L

Mr. Gregg? oo

Mr. GreGG. Well, to follow on that question, Doctor, if one ac-
cepts that logic, and also the logic which you earlier related that
the nuclear industry must be competitive and that your participa-
tion in the nuclear industry is to create a com etitive climate, I
can anticipate that the administration is notagoxpng to support t
Clinch River reactor in 1983. ’

Dr. KeyworTH. 1 personally support, as does the administration,
the Clinch River enthusiastically for a specific reason. The nuclear
industry is suffering today from the impediments that have been
imposed by the:Federal Government over & period of time.

I think that it is a Government responsibility to remove as easily
and as quickly as possible some of those burdens that have been
imposed upon theindustry. .
. 1 think the Clinch River, a midsize breeder project, is a technical
development project that is an appropriate Federal responsibility.

.1 personally have never seen it as the dichotomy that it is so®
often perceived as.

Mr. GREGG. I guess this isn’t the proper time to debate that. As
we go into 1983, do you anticipate that rumors we hear now are
accurate that research and development in areas such as solar, con-
servation, fossil fuel, are going to be cut by 50 percent?

Dr. KEyworTH. I think it is possible the admjnistration will pro-
pose specific cuts in these areas where the short-term payoff is
greatest, yes. v ‘

Mr. GrREGG. Does your office support that?

Dr. KEywoRrTH. Yes.  + ’

Mr. GrREGG. I would just represent from my viewpoint that I was
probably one of the administration’s strongest supporters on this
committee last year, but I don’t believe that going back into those
areas which have been cut dramatically injthe last budget go-
around is going to be worthwhile or receiv much sympathy, at
least from myself. I will leave it at that. . :

How do you think that we can improve the R. & D. efforts of the
general activities of the Department of Energy? What are your
‘thoughts in that area? -

Dr. KEyworTH. By focusing, would be my answer, by trying to
focus on those areas where the payoff is greatest, where the tech-
nology is not likely to be pursued by the private sector, and I think
that is a succinct description of the administration’s energy policy
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anld the role that the Department of Energy plays in fulfilling that
policy. . -

Mr. Grega. Thank you very much.

Mr. Fuqua. Mr. Skeen? *

Mr. SKEeN. Thank you, Mr. Chairman. * .-

1 would . like to follow up on that same line of thought because
the interim report from the Energy Research Advisory Board on
the R. & D. needs of the Department of Energy, states that due to
the pressure for nearterm technical solutions'to energy programs
and the rapidly rising costs of operational research facilities, the
funding of basic research has been declining and is inadequate to
meet the Jong-term needs of the Nation. ’ ) :

I would like you to expand on that statement.

Dr KevwoRTH Thank you, because my office has paid particular
attention to the role of the Office of Energy Research in the De-
partment of Energy. . ) .

In the first place, some of the best basic research that is conduct-
ed in this country”is supported by the Office of Energy Research
and we have been extremely concerned about the health of the ac-
tivities in that area. ’

I think that when the President’s budget submission for fiscal,
1983 is proposed in January, those who share that concern will be
pleased and will see the actions that our administration has taken.

Mr SkeeN. We are getting down more to a priority system than
we have had in the past, rather than trying the scattergun ap-
proach to solving energy problems? S

Dr. KEywortH. I think you just stated it better than I have.

Mr. SkeeN. Thank you. I wasn’t trying to do that. -

Thank you. . oo

‘Mr. FuQua. Mr. Walgren? - ,
Mr WALGREN I want to welcome Dr. Keyworth to the commit-
tee. ‘

Mr. Chairman, if I might, I have an opening statement. .

Thil CHaIRMAN. Without objection, it will be made a part of the
record. - =

Mr. WaLGREN. Dr. Keyworth, with respect to the National Sei-
ence Foundation and your expressions of your views on science
education and the support thereof, I wanted to ask whether you
have been rethinking the role of the Federal Government with' re-
spect to science education, particularly through the National Sci-
ence Foundation? '

All the evidence that I see presented to my subcommittee is that
there must be a Federal role in this area. The quality of students,
particularly thinking now at the secondary level, the quality of stu-
dents in their initial exposure to science as they come into college
and come out of the secondary level is just woefully ‘lacking with
respect to the initial training in science that is necessary even if
they are to have the option to pursue a scientific career.

And there are people on the boards of college trustees that have
made that point again and again. : '

How can we solve that problem if we don't have some strong
goals and programs coming from the Federal level that will help
upgrade the secondary level of education in science in this country?
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Dr. Keyworrn. I think the answer is there must be a Federal
role. I think there must be a partnership between States and local
governments and the Federpl Government. . ..

I think that the Federal Government has played an important
role in the past and I will point to the curriculums development
that the National Science Foundation funded in the sixties, which I
think had a substantial benefit. “

We.are trying to encourage in this case the National Science
Foundation to examine that role carefully and to propose a role
that they should carry out in context of today’s problems. We are
concerned.

We are alsq concerned that the paths we have been pursuing in
the last few years are not the paths that we need to pursue to ad-
dress this critical problem that you describe. .

Mr. WALGREN. As you know, the curriculum development effort
has been eliminated. I believe we all should question at all times to
try to improve things, but it strikes me that what we hear from the
administration so far are voices saffing that this program has been
neffective and, theréfore, we are eliminating it becaiise of our view
of the Federal Government as not.being properly involved here.

Is there anything that you can replace or do you have any sug-
gestions what we could replace these programs with for those that
you have criticized as ineffective in the past?

Dr. KEyworTH. | feel presumptuous in responding becaue I am
not an expert in education. I have encouraged theNational Science
Board to pursue possible initiatives, and we have brought in a
large number of educators and professionals to discuss this with us,
and we are trying to identify programs that will be most effective
in the‘past. A program with a title is not a program of effective-
ness.

Mr. WALGREN. Well, I certainly would agree with that, but I

would really like to underscore the fact that these programs have ' .

made some contribution. It would seem’to me that if we are losing
these people wholesale because they have no decent exposure to
the development of science at the secondary level, before we elimi-
nate what little progress we are making on that level we ought to
have strong programs to put in their place‘that would meet the
need. Perhaps I could submit something further in writing.

Mr. Fuqua. Yes. We may have some questions to submit.

Mr. Dunn, you have got about 1 minute. .

« Mr. DUNN. One question, then. You mentioned 57 American sci-
entists, Nobel Prize winners, versus 28, from all other countries in
the last 10 years. .

Do you have any idea how many of those were doing research
that was federally funded?

Dr. KeywortH. | am going to have to respond from speculation,
because I do not have the facts in front of me, but 1 suspect that
the majority of that research was either totally or in part funded
by the Federal Government, because the Federal Government is
the primary funder of this type of basic research.

Mr. Dunn. 1 thank you. . NN

Mr. Fuqua. As I mentioned at the beginning of the hearing, Dr.
Keyworth does have a meeting starting shortly and he does have to
leave at 11 o’clock. We thank you.

)

b




.45

I apologize to the other members who did not have a“chance_to
ask questions, but, we may submit some for the record and maybe
you can respond. .

Thank you very much for coming.

Dr. KEywORTH. Thank you.

Mr. Fuqua. Our fiext witness is Dr. Frank Press, the president of ¢
.the National Academy of Science, and former Stience Adviser to

President Carter. -
Dr. Press? . . :
(The biographical sketch of Dr. Press follows:] .

BiogrAPHICAL SKETCH OF DR. FRANK PRESS

Frank Pregss was born in Brooklyn, New York in 1924. He received hig undergrad-
uate degree in physics from the City College of New York, and advanc degrees in
geophysics from™Columbia University in 1946 and 1949, when he Joned the Colum-
bia faculty, becoming associate professor in 1952, working in the areas of geophysics,

- and oceanography In 1955 Dr. Press was appointed professor of geoip?ysics at the

’

California Institute of Tdchnology, and two years later becarne directdr of 1ts Seis-

mological Laboratory He was named in 1965 as the head of the then épartment of

Geology and Geophysics at the Massachusetts Institute of Technology (MIT), which, -

under his leadership, expanded into planetary sciences, oceanography, interdisci- s

plinary studies, and the joint program with the Woods Hole Oceanographic Institu- -

tion, and was renamed the Department of Earth and Planetary Sciences, In 1977 he
was appointed by President Carter as the President’s Science Advisor and Director
of the Office of Science and Technology Policy. In January, 1981, he returned to

MIT where he was appointed Institute Professor, a title MIT reserves for scholars of

special distinction Dr Press has been elected as the 19th President of the National

Academy of Sciences INAS), where he will assume his new office on July 1, 1981.

Press is recognized internationally for his pioneering contributions'in geophys-

eanography, lunar and planetary sciences, and natural resource exploration,

. but Ris primary scientific activities ha¥e been in seismology. and the study of the

’s deep interior Recognizing the importance of long-period surface waves 1n

stylying the earth’s structures, he developed the theory for these waves and the in-

entation to record them Today the analyses of seismic surface waves and free
‘oscillations are among the most powerful techniques for studying the structure and
properties of the earth’s crust and deep interior. Dr. Press also saw the need to de-,
velop techniques for geophysical studies of the moon and planets, using landed ob-
servatories Author of 160 scientific papers, he is also the co-author of the textbook
“Earth,” widely used in courses in both American and foreign un¥versitiés.

Dr Press has been a leader in major national and international projects. He
helped organize and gave impetus to the International Geophysical Year, the first _
coordinated worldwide attempt to measure and map various geophysical phenom-
ena, a decade-long effort that involved international explorations of Antarctica and

* theoceans Mt Press.in Antarctica is named for him. Dr. Press provided leadership
in research efforts on earthquake prediction in the United States, and in interna--¢ .
tional cooperation with Japan, the USSR, and the People’s Republic of China. :

As NAS president, Dr Press will continue a long career of public service, in addi-
tion to his distinguished scientific work He served on the President’s Science Advi-
sory Committee during the Kennedy Administration and ‘on the Bakex and Ramo
Presidential Advisory Committee during the Ford Administration. He was appoint- -
ed by President Nixon to the National Science Board, which is the policy-making
body of the National Stience Foundation, and he also served on the Lunar and Plan-
etary Missions Board of he National Aeronautids and Space Administration. Dr.

- Press participated in the .ilateral science agreement ‘negotiations with the Soviet .
Urilon, and was a member of the US. delegation to the nuclear test ban negotia-
tions in Geneva and Moscow. .

Mayor initiatives of his Washington service as OSTP Director and Science Advisor
during the Carter Administration included increasing the Federal commitment to -
the support of basic research, the introduction of ‘fiew mieasures to spur industnal
innovatjon, joint research ventures involving industry, the university, and the gov-
ernment, and regulatory reform, particularly in im{)roving the scientific basis of
proposed regulations Dr Press was largely responsible for the U.S-China scientific
cooperation agreements in 1979. :

. .
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Dr Press s a member of several protessional organmizations, and 18 a former presi-
dent of both the Seismulogical Society of America and the American Geophysical
Union He was elected to the National Academy of Sciences n 1958, the American
Aggde) of Arts and Sciences 1 1966, and the American Philosophical Society In
19»1 he was elected as a foreign member of the—renelr#tademy of Sciences He is
the recipient of-numerous honors, among which are the Gold Medal of the Royal
Astronomtcal Society. the Arthur L Day Medal of the Geological Society. and the
Bowte Medal of the American Geophysical Union He was awarded the Department
of the Interiors Public Service Award m 1971 and NASA’s Distinguished Pablic
Service Medal i 1973 Dr Press has received 11 honorary doctoral degrees His
umque distinction lies perhaps in the dual contribution of the impact of his scientif-
1c work on the development of modern geophysics and the influence of-his personal
leadership in national science planmng and administration )

Dr Press 1s marned to the former Billie Kallick of-St. Louis The Presses have
two children and one grandchild - , . \

STATEMENT OF DR. FRANK PRESS, PRESIDENT. NATIONAL ACAD-
EMY OF SCIENCES. AND FORMER SCIENCE ADVISOR TO*PRESI-
DENT JIMMY CARTER .

Dr. Press. I am most pleased, Mr Chairman, to have this oppor-
tunity to review with your committee the implications of current
reductions in budgeted levels of support for many areas of federally
sponsored research and development and the impact upon the
American scientific enterprise of continuing uncertainties about
future prospects for funding.

These hearings can also serve as a constructive assessment of
whether these budget actions imply yhange of Federal policy in
this area. While Dr. Keyworth’s rerflarks are fresh in mind, I
would hke to make a few comments. T admire him for the courage
and enthusiasm with which he has tackled his job. It is a difficult
one. I assure you. ) i

[ agree that we are the world’s strorigest nation, scientifically
and technically, but I think the issue before us is whether or not
we are doing the right things to hold that position. S

| agree.with Dr. Keyworth that we should protect the basic re-

_search as an appropriate Government function and that we should

transfer funds from unproductive efforts into more productive sci-
entific enterprises. ’

I also find merit in statements he has made elsewhere concern-

" ing the need to improve scientific instrumentation in research labo-

ratories, particularly in the universities, and I am concerned, as he
1s. about scieptific manpower. ,

But the latest science indicators show that total Federal éxpendi-
ture for R. & D. in constant dollars is less in 1981 than in the date
1960's. In constant dollars, basic research budgets have shown little
growth over this period. ~

On October 26 and 27, in collaboration with many of my col-
leagues, 1 convened a conference at the National Academy of Sci-

.ences on the Federal research and development budget for 1982

and the future The conference has, I hope, set in motion an in-
formed dialog between public officials and representatives of the
serentitic and technologieal community  As you have requested, Mr
Chatrman, [ will summarize the results of tha&gnnvocation at the
Academy, and with your permission include in the record as an at-
tachment to my testimony a more detailed statement on the delib-
eration of that conference as well as a list of the attendees includs

.
»
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ing nearly 100 university officials, laboratory directors, industrial
research executives, scientists, engineers, and individuals experi- ,
enced in public policy. ,

Also present were congressional staff, includi g several from this
committee. The conferees were'briefed by the ?’resident's Director
of the Office of Science and Technology Policy, a senior representa-
tive from the Office of Management and Budget, and officials of six
governmental departinents and agencies with major research and
development programs.

The conference consensus was reached on a number of findigpes
and conclusions. Consensus was reached by all in attendanoe/:}%e
industrial sector agreeing with the university and Government
sector In my testimony I will highlight only the most salient con-
clusions of the conference. I urge you to read caréfully the attached
detdiled summary statement and commentary on the conference.

From these discussions emerged the following matters of consid-
erable significance, to the future health of American science.

It is clear that like other sectors of our society the nation’s scien-
tific and technological enterprise has been hurt by the problems of
the economy: inflation, high interest rates, industrial stagnation.

Efforts by the Congress and recent administration to combat the
effects of these ills on basic research through some real growth
have unfortunately not allayed the problems. Further, as a per-
centage of the gross national product, national support for research
and development has declined since the mid sixties.

Dr Keyworth believes that information to be flawed, based, as it
1s on a controversial indicator, and it may be. Nevertheless, re-
search support has net grown since 1967 in the face of the inflation
inhgrent in the research enterprise. Scientific advances become in-
creasingly expensive, so many fields of science are now especially
sensitive to decreases in funding. )

... Instability and abrupt changes in funding also have severe néga—

tive effects. For example, these factors can cause the breakup of re-
search teams, which take years to assemble, leading to poor use of
iMwestments in experiments involving large facilities such as accel-
erators, spacecraft, oceanographic vesgels and other instruments.
The intrinsic relationship between the performance of basic re-,
search and the training of scientists and engineers to carry out
such research, means that instability or abrupt, changes in support

_ levels also can cause future critical personnel shortages.

Conference participants were fully aware that the Nation must
pass through a period of restraint in public expenditures and that
the impact of this adjustment must be shared by those in the re-
search community who receive Federal support.

At the same {ime, conferees underscored the necessity for recog-
nizing that scientific research is an activity from which all sectors
of society benefit. Scientific and technological advances are impor-

“tant to the Nation’s future economic 1th and security, and no

significant sources of support exist for the collective benefit basic
research provides except tﬂe Federal Government.

It is especially noteworthy, in this regard, that expenditures in
basic research have, over time, consistently produced benefits in
three critical areas of national concern-—-public health, economic
developmerit and national security, for example, antibiotics, hybrid

: D 9245
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corn, computer memories, transistors, integrat@d circuits, to men-

tions just a few.

. Participants in the conferencé noted increasing industrial sup-
port for research and development, including outlays for research
carried out at universities. Industrial executives cautioned, howev-
er, that 1t was unlikely that increased industrial support of umiver-
sity-based research and development would offset proposed reduc-
tion 1n Federal expenditures announced by, administration officials,
and it was unréalistic to make such an.assumption. * .

Moreover, it was further noted that industry will likely focus its
support on a few fields or disciplines. Oq%' the Federa) Govern-
ment provides across-the-board support in basic research and this
has long been accepted as a legitimate role.

In recognition of those long-accepted principles of the Federal
role 1n support of research and development, conferees concluded
that if further reductions are required in the President’s fall
budget program, this process should not volve a simple across-
the-board cut in all budgetary accounts. .

They proposed alternatively that th administration and the
Congress should: ) . .

Make budgetary adjustments that maintain support of the basic
sciences by reallocating funds between research and development,
and between agencies; ‘ .

instruct the agencies to aintain the strength of science in
agency budget allocation; ’ :

Direct that a larger part of increases in the national security
budget be applied to the funding of basic research essential to the
maintenance of that security; for example, in the computer sci-
ean or solid state phystcs; } . -

In recognition of the importance of the Nation’s scientific and en-
gineermg manpower -pool, continue graduate student support
through research grants, fellowships and traineeships; '
 Recognize the need to revitalize the instrumentation ‘and facility
base on which future scientific and technological advance depends.

Mr. Chairman, a recurring theme throughout these discussions
was +tcognition that the. Nation'’s scientific base has suffeéred more
than a decade of neglect with little or no real growth, and that the
above steps are essential to maintain the competence of staff and
the quality of work being performed in the Nation's laboratories.

The conferees also called for the initiation of an evaluation of
the 1nstitutional system for supporting research and development—
Government laboratories, the Fedfral funded research centers, and
the universities. . .

[ suspect that the firgt major concern that must be dealt with is
one of credibility, that is, the growing uncertainty within the scien-
.tific and technological community about the Federal Government’s
long-term objectives for supporting fundamental research. A series

_of events extending back, for a number of years has led to the cur-
rent climate of confusion and uncertainty. Féderal support of basic
scientific research in constant dollars has remained static since
1967. The mstruments for research and the laboratories are aging;
attempts to recognize and ameliorate the .problems have not met
with success. During the past year support for social and behavior-
al science research was specifically targeted for reductions, suggest-

[ )
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+ ing pﬁlicy decision to reduce the Federal role in these areas of re-
~ search. .

The Felleral role in support of science education has been
brought into question. And budget cuts are proposed for. fiscal year
1982 and 1983. Hopefully, we will see a call for improved quality
rather than elimination of programs.

If these reductions are actually imposed at significant levels or
without a sense of priorities (for example, greater emphasis on re- -
searsh rather than on certain appropriations for development, sup-
port for more productive rather than less productive institutions, et
cetera), damage could occur to the very institutions which have
ke’gt U.S. science preeminent over the last four decades.

he major circumstances leading to erosion of Government sup-
port are well-known'-diversion of resources to support the war in
Vietnam, impact. of spiralling inflation, and the growing demands
of an eveér-increasing array of Federal programs for a larger share
of the Federal budget. ' .-

- _ These faotors alone, however cannot fully explain the current
&nxiety that exists over the future of'\American stience. In the cur-
rent and recent administrations, knowledgeable officials have testi-
fied to the continuing health of Américan science. Certainly these .
statements have a basis in fact. We publish a‘eubstantial share of

|8 the world’s scientific papers and our scientists are recognized as
leaders in most scientific disciplines. The capabilities of American
labor'atories continue to contribute at the growing edge of innova-
. tion in most-scientific areas and American scientists continue to re-

ceive the overwhelming share of Nobel prizés. Even though Ameri-

can technology increasingly has been challenged by other industri-

al nations, our leadership in,fundamex\tfl research remains the

world standard of excellence. | .

I think that is the point. If you ask the Nobel prize winners, as

your sgmmittee has done, to compare, the sianner of Hoing science,

the e%nment for conducting scientific research today to those

days when they were the most productive, I think you will learn

that they have serious concerns about the current environment for

research, ‘ p
Perhaps the greatest anxiety of those engaged in our scientific R

and technological endeavors stems from the increasin§ difficulty of ~.

maintaining this enterprise with a nearly static level of constant

dollar funding. .

The ability of the Nation’s scientists and engineers to contribute

their full potential is impeded under these circumstances. Many .

high quality investigators are denied sufficient support; many jout- “,

.standing research, proposals are not funded at all; often the .{gme ¢

period of grant support is inadequate to permit successful pPoject

completion; as a result, trainjnggthe next generation of scientists

and engineers has suffered. e e 1
At the same time, indirect costs of research, the ~ymeredsing
burden of responding to governmental administrativé require- .

ments, apd associated difficulties in funding higher-education have

+ cut heavily into the absolute amounts available for actual research.
If these conditions describe a steady trend of events in the course

of our national affairs, then indeed a substantial basis exists for
the anxieties manifested by the scientific community concerning

> \
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how dong American science can sustdin a position worthy of our
great Nation, D . Fut s s .
. Mt Chairman. for 15 years we have professed to recognize the
imfortance of Federal suppoyt of science, but have not acted on
that recognition in an organieed, carefully thought out manner,

Today, we should (a) first recognize that our efforts do not com-
port with:a policy of continued strengthening of the Nation’s S. &
T. base, and (b) seek, either to implement that policy, or face’ the
alternativé policy options with which we must grapple in a‘time of |
static or declinmng Federal support of science. These alternative
policies could place unforeseen stress and dislocation upon an en-
deavor in which sdme growtl is vital to the exploration ?'f new op-

portunities. . ’
My hope, of course, is that we are experiencing a temporary con-
straint upon publi. expenditures for science during a finite period
of fiscal austerity and that these copstraints are imposed within a
strategy of minimizing damage. However, after 15 years'of no real
growth in the support of R. & D., I am not sanguine about such a
temporary state of affairs. Certainly, the trend is not easily revers-
ible unless the Presiderit and the Congress cooperate to rekindle -
the Nation's eénthusiasm and support of the scientific and techno-
logical 1nnovations -that offer opportunities for new discoveries,
new industries, sulving national problems, and fostering our social
and economic wel]-Bemg.” . ) “ \
Some years ago, in 1978, I"had occasion fo ask a number of public
- offictals to identify outstanding tesearch questions including those
#  .with prospective significance for contemporary social problems and
psues. The list. of responses. attachéd as an ‘appendix, well illus-
- . trates the consequences that could flow from continued vigorous
support of basic research by Government agencies and by industry
and business. | ) ’
Let me- cite .some examples of the questions on'the unfinished
agendd in science that adequate furiding might enable us to tackle
Can we discover antiviral agents, té-combat viral diseases—drugs
., -that would have as important an effect on mankind as did the dis-
covery of antibiotics. Such a discovéty wolld- also provide a better
understanding ofghow cells minimize wutations under norrhal and
impused environmental stress."What aye the mechanisms by which
hormonal substances reduce growth? What are the matter and
energy mechanisms of stars. quasars, pilsars, black holes? Can ma-
temals be found that exhibit superconductivity at room tempera-
ture? How can we_enhance productivity by automation and artifi-
cial intelligence? Can new materials be developed that would
lessen our dependency on critical or strategic elements? These are
sthe kinds of issues we might tackle with agdequate support of our
scientific enterprises. . Cor . ‘
' ‘The conference held at the Academy on October 26'and 27, and
your hearings, which will undoubtedly extend'into the next session,
. can begin the dialugde needed to address.the uncertainties faced by
. our scienrtyfic and tuéunical enterprise and offer us the opportunity
to bring a greater measure of stability to the budgetary process. It
is 1n that vein tRat I offer for your coffsideration a series of recom-
mendations to aid in restoring program stability and predictability’

« _ to our national gcientific enterprise. These recommendations, if fol-
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lowed, would gu far toward reaffirming our commitment to the -
pelicy that continued sound investments in fundamental research
by the Federal Government are essential to éur national goals. I
‘present them to assist in establishing a planning.framework for
your comimittee’s consideration and’debate as you pursue the task
at hand. »ﬁ%.

I propose a 10-year compact among Government, industry, and
universities to establish new national goals for support of science

+  as follows:

fa’ The basic scientific research budget for the Federal Govern-
ment should increase each year at a rate that would cover inflation -
and permit 1 or 2 percent real growth. This annual rate of increase
would respond to the need for stability and preutctability in estab-
lishing long-term planning goals and also provide for the intrinsic
inflation in the costs of doing science as new methods and tech-
niques emerge This might be considered the base program for all
scientific fields. .

’6) In addition, another 1 percent annual increase should be pro-
vided to support special targets of opportunity in particular fields,
or for areas of research related fo particular*national needs, and to

" .provide supplementary funding to assist in meeting costs for essen-
tial instrumentation and plant facility needs. This would be a
means of assigning high priority, to certain significant fields in
which the pace of discovery is particularly swift.

fc! The scientific community and the Government will cooperate
to find-ways of transferring funds from the less to more productive*
areas or institutions supported by Federal research funds. By cut-
ting indirect costs, reducing regulations, and improving efficiency.
through longer-term awards, it would be reasonable to expect an
increase in annual productivity equivalent.to as much as 2 percent
support. ‘ -

fd) Industry should commit to 1 percent growth that is about $50
million’year, on top of its present contribution to university re-
search in recognition of the tremendous boon that industry re-
ceives from this kind of research. . .

fe) To assure continuation of adequate support of graduate educa-
tion in science and technology, a cooperative partnership including.
Government, industry, and universities is proposed. Under such an
arrangement; ' C .

(1' The NSF and the mission agencies would support a coordinat-
ed program of national research fellowships and traineeships. NSF *
would provide support for an overall program of merit, much along = e
the lines of the current activity, mission agencies would "comple-
ment the NSF program by establishing fellowships to encourage ca-
reers in areas where special scientific and engineering manpower
needs exist, such as toxicology (EPA), combustion science and engi-
neering (Energy), and computer®sciences and integrated circuits® -
(DOD, NSF).. ' - -

{2) Industry would be encouraged to establish additional follow- .
ships'in fields where its needs are greatest. Recipients could be se-
lected in collaboration with a Federal agency, such as the NSF or
by an independent group to insure a national competition of merit. "

A compact between Governmgnt, industry, ant{&he universities,
encompassing the above initiatives, could assure the stability, pre-

L] /I
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dictability, and real growth needed for a strong U.S. effort in sci-
ence and technology. It need not be an expensive program, some-
where on the order of 3600 million per year, if some asfute trans-
fers are made from development to research in the overall Federal
research and development budget. That is the equivalent of two
B-1 bombers. i
I would recommend, Mr. Chairman, that responsibility for curry-
ing wut these initiatives, especially the last two items, which re-
quire close surveillance and comprehensive overview, should be as-
rf)ig;iled to the Director of the Office of Science and Technology
Policy.
The approach I have recomrhénded recognizes that a strong sci- :
entific and technological enterprise is closely bound up with our
N status as a great nation, with a healthy society and a strong econo-
my. This approach_also reinforces our existing practice of relying -
upon support of individual research projects and shared responsi-
bility between the public and private sectors for the performance of
™ fundamental research. '
The pluralistic nature of this institutional arrangement has
given us a flexible system of research and development™and has
L - provided the incentives for individuals excellence. 1 urge that we
continue the basic system which has served us well over the past
several decades, but also introduce modifications and improve-
ments that the times require. ‘
. Thank you, Mr. Chairman.
" [The statementsof Dr. Press follows:]

. A
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STATEMENT OF DR FRANK PRrESS, PRESIDENT, NATIONAL ACADEMY OF SCIENCES
~

. .
1 a0 zost pleased, Mr. Chairman, to have r:hvisﬁ opportunity to
Teview with your cotsmittee the implications of.._current reduction
in budg,ete{'levels of supportffox‘ zmany areas of federally sponsored
research and developeent, and thé impact upon’ épe American scientific

enterprise of cantinuing uncertainties about future prospects for

funding. These hearings can also serve as a tonstructive assessment

of whether these jb'g{ge: a¢tions imply a change of Federal policy in

this area.
L . b . .
On October'26-27, iun collaboration with many of my colleagues,

. Y
1 convened a conference at the National Academy of Sciences on the

Federal Regearch and Development Budget for 1982 and Future Years.
¢
Although this convocation called together nembers of the scientific R
h ]

and technological community to address the problems arising from

- K}
reductions in and uncertainty about current Federal support of
sciences, 1ts purpose also was to survey circumstances of the p&st

fifteen years, which have seen no growth in funding of scientific
P pd

A
research and government funded R&D, during a period in which the

{fitrinsic costs of doing science continue, to increase. The conference
o )

has, I hope, set £n rotion an informed dialogue between public officials
. .
and representatives of the scientific and technological community. As

you have requested, Mr. Chairman, I will summarize the results of that
W

3

convocation 3t the Acadeny and with your permission include in the

record as an attachuent' to uy testimony a more detailed statement on the

deliberation of that conference as well as a 1ist of the attendees.

. . .
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The conferencg4accendees‘zhcluded Starly 100 unaversity officials,
[y - 'Y \
laboratory dizectors, industrial research executives, scientists and

angineers, and individuals experieaceé‘in public policy. Also present
were Congressional staff, including several from this committee. The

conferees were briefed by the Presidentts Director of the Office of

-

sence and Technology Policy, a semior representative from the Office
of Management and Budget, and officials of six Bovernmental departzments

and agen®es vith major research and development Programs. 4Ac the end

of the conference, a consensus was reached on a number of findings and
cenclusions. In'my testimony, I will highlight only the more salient

conclusions of the conference, I urge you to read carefully the vore
PR

decaxie% suzmary Statemeat and cocmentary on the conference attached

« sy
2

to my testimeny.

From these discussions emerged several matters of considerable
L

significance to,.the future healcth of American science. It is clear

, that like other sectots of our socety the n§:ion's scientific and

technological entecprise has beea hurt by the problenms of the
economy' ~= inflation, high anterest rates, industrial stagnation.

- / .
Efforzs by the Congress and recent Administrations to combat the

effects of these 1lls on basic research througn some real growth
- .

“\
nave whfortunately not kept pace with the problems.

r
Further, as a percentage of the Gross National Product, national
<

support for researcn and development has declined since the mid-¥960's.
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Because of lack of redl growth in research support over the years
in the face of ‘the intrinsic ﬁfl;:ion inherent in the research
enterprise, many fields of science ar‘e now especially sensiitive to
decreases in funding. '

Instability and abmp£ changes in funding also havé sgevere
effects. For example, research teans, which take years to assemble,
are bg‘qken up and investzents in experimex;ts involving lars.e facili-
Ties such as accelerators, spgcecraft, ocean‘ographic vessels and
other instruments are poorly used. Because ofsthe intrinsic relacion-
ship betveen the performance of basic research and the :raiaing of -
scientists and engineers to carry out such research, ‘1ns:ab111:y
or abrupt changes in support levels also can lead to future critical
personmel shortages. 2

The participants in the conference were fully aware that the
nation zust pass through a period of restraint in public expenditures
and that the izpact of this adjustment must be shared by those in

the research community receiving Federal support. At the. same time,
- LS . - a ‘ -
they underqcored in their discussion the necessity for recognizing
¢
that scientific research is an expenditure from.which all sectors

of society benefit, that scientific and ,:echnolbgical advances are
Al

" important to the nation's future economic health and security, and

that chere are no significant sources of support for such a collective
benefit other than the Federal Government. It is especially noteworchy,

in this regard, that thosé expenditures in basic research have, over

O
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. time, consistently produced benefits in three critical areas of
national concern — public health, economi;: devel.opmenc and

.

national security. ¢

Participants in the conference noted that industrial support
for regearch and development was increasing, including outlays for
reseazch carried out at universities. Industrial executives
cautioned, hovever, that it was unlikely thac increased industxjial
sup‘;aor@; universicy—base& research and developzent would offse.c
p;oposed redué‘:ion in Federal expenditures announced by Adminiscration
officials, and it was unrealistic to make such an assumzption. Moreover,
it vas noted further that industry will ldkely focus its Support om .
a few fields or dilciplines. Only the Federal governxzent provides ‘ t
an a::ross-the—'ooard Support 1n basic research; and ‘this has long N
been accepted as & legitimate role.

Since basic science and engineering are long-term investments,

the conferees urged that the governdent plan carefully for their “

support and tHat such plans ‘be protected from abrupt change.
-

- s

e

In recognition of those long accepted principles of “the Federal N
role in support of research and development, the conferees concluded
that if further reductions are required in the Presifent's Fall Budget
Program, this process should not involve a sizple across-the-board
cut 1n all budgetary accounts. The confe}ees proposed alternatively

that the Lainistracion and the Congress should: *

k.
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== Make budgetary adjustuents that maintain .
support of the basic sciences by reallocacing

funds between research and development, and
between agencies;

~- Instruct the agencies to maintain the stre‘ng:h
of science in agency budget allocation;

== Direct that a larger part of increases in the
national security bulget be applied to the &
funding of basic research that is essential to
the caintenance of that security;

— In recognition of the importance of the nation's
scientific and engineering manpower pool, con-

. tinue graduate student support through research
grants, fellowships and traineeships;

== Recognize the need to revitalize the instrumen~ °

tation and facility base on which future scientific
and technological advance depends.

Mr. Chairman, a recurring theze throughout, these discussions was
recognition that the scientifi¢ base of the nation has guffered a
i decade of negle'c: with little or no real growth, and that the above

steps are essential to mafhtain the competence of staff and the

quality of work being performed in the nation's laboratories.

. In viewing the future beyond 1982, the conferees called for

acceptance by the goVvernment of”several princiéles. It vas agreed *

that a strengthened mechanism is peeded through which the scientific
* and engineering communities can provide continuing advice to the
government on resource allocation and assist in the analysis of the

impact and benefits of slternative shorter and longer term budget

strategies for government investment in science and engineering.

>
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I
The conferees also called for the initiation of an evaluation of the
institutional system for supporting research and developument, inéiuﬁing
the mechanisms for lllocating res;:rces aéd evaluation of the need
for some facilities. Finally, the conferees urged that policies at
all levels of governzment should be established which will assuge
the continued flow of an aéequzte supply of scientists and engineers
into the ngtion's research endeavors.

Mr. Chairman, it appears to me that We must once again reaffirnm

the credo so aptly outlined in the 1945 report, Science, The Endless

frontier, that the ?dvancemen: of sclence 1s unquestionably in the .
publicuinterest and that support of basic research, is a legitimate
responsib:lity of government. Thekquestion faced by the administration
and the Congress'is not whether we support resea}ch, for gﬁat decision
lies behind us. Today, the Question involves a search for redefinition

of the zeans and zechanisa for determining appropriate levels of .

-

support uader current and future fiscal circumstaqﬁfs"
I suspect that the first major concern that must b; dealt with
. - .
sciantific and technological community over what are the present
long-tern objectives of the Federal government for supporting funda-
mental research. A series of events extending back for’a number of .
years has led toe this current élima:e of confusion and uncertainty.

Federal support of basic scientific research in constant dollars hz;s

n
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remained static since 1967. The instruments for research and the

.

laboratories ard aging and various attempts to recognize and
[}

"ameliorate the problems have not met with success. During the

-

past year support for social and behavioral science research uas;
specifically targeted for reductions, suggesting an implicit policy

decision to reduce the Feéeta{\::}e in these areas of research. The

Federal role in support of science education has been brought 15:0
A . .
question. Hopefully, we will see a call for improved quality rather

than elianination of the program. Added to these are the proposed ~
»

reductions for fiscal year 1982 and for further rounds of budget éucs

.

in fiécal year 1983. If these reductions are actually imposed at
significant levels or without a sense of.priorities fe.g., gredter

emphasis on research rather than on certaih appropriations for

developuzent, support for more productive institutions, etc.),. damage
. *®,

could occur to the institutiouns of science, whifch have made the

U.S. preesinent over the past four decades. -
The major circumstances leading to the Qrosign of this support
are well known. The diversion of resources Eb support the war in
. Viet Napm, the inpact of spiralling inflation and the growing demands

of an ever—incféasing array of Federal progra&s for a larger share

of the Federal budget. This situation cannot of itself fully explain,

reppme i
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N N
however, the curtent anxiety that éxists over the future of American
scieace. In the current and recent Admin:strations, krowledgeable
of ficials have testified to the concinuing health of American .
science and certainly these statements have a basis in fact. We
publish a substantial share of all scientific papers and our
scieatists are recogrized as leaders in most scientific disciplines.
The capabilities of Azerican laboratories continue to contributh at
:h; grcwmg’ edge of nnovation in most scientific areas and American
scien:i‘s:s continue to receive the overwheloing share of N?bel prizes. .
Even though American technology increasingly has been challenged by
other industrial nitions, our leader‘ship in f.undamen:al research .
remains the world standard of excellence.
However, responsible leadership requires not only recognition of
oyr presé‘nt position bur also trends which aight cause serious erosion.
In >px:e of our apparent streng:h there remains an underlying uncer- '
.;am:y about our national scientific endeavor considered in the

broader context of other social and economic troubles. There are

wany manifestations of these trends. First and foremqst are the

. .
economic pressures of the ever-increasing technological competition
-~
.

of other industriallzed nations. Added to this are the worldwide
rise in pettoleum prices and the Lnabin:y}of domestic petroleum

ptoduc:ion :o keep apace of domestic ¢consunpcion. There is sowe
public concern, less today than 2 decade ago, about the ri§ks and
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hazards arising from rhe uses of cechﬁology. ‘I_believe there is

growing public :ecognit'.on of the social and physiéal amenities,
which sciencesand .echnology havé. provided to our socie:v £

Perhaps the greatest an'de:y “of those engaged in our scientif-c
and cechnological eﬁeavobs >cems from the increasing difficuley
of Jintainins this enterprase with a nearly static level of (constant
dollar) funding. The abilicty of che nation's scientists and engineers
to contribute their full potential is impeded under these circumstances.
Many high qualicy investigators are denied sufficient support; zany
outstanding research proposals are not funded at all; often the time
period of grant support is inadequate to pemit,successful project
completion; as a result of all of this, 'tra;ning of the next generation
of sclentists and engineers has suffered. At the same time, the
1nd1;ec: costs of research, the increasing workload burden of responding
to governmental administrative requirements, and the associa.ted
difficulties in the funding of higher education’ have, cut hea‘wil.y‘
into :h'e absolute amounts avai]:able for acu‘:al re;arch.

If these conditions describe a steady trend of evlmts in the
course of our na:ion:ll affairs, there is a substantial basis for the
inxieties manifested in ?any parts of the sciemgific community about
how long American scit;nce can sust_ain a position worthy of a gre.al:

. ~

nation such as ours. ;
-
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Mr. Chairmsn, for fifteen, years we have professed a policy

recognizing the importance of l'edetal support of science, but have
no;: acted on it in an organized, well thought out u;znngr. Today,
we should (a) first recognize that our best efforts have not kept
pace with a policy of continued strengthening of the nation's S&T
base, and {(b) seek, either to implgmen: that policy, or face the
alternative policy op‘:ions with which ve Bust grapple in a situation
of static or de’c}ining Federal support of science. The i{mplication
of this latter alternative can plz‘ce unforeseen stress and dislocation
upon an endeavor in which some growth is wital to the exploration
of new opportunities,

A basic dilemma that ve fac‘e under a policy of reduced budgets
for science and technology is .a conflict betveen aSSuxring supporf p
for the highest quality s'ciengific endeavors and at the same dime ’
supporting broader national goals of strengthening academic capa-
bility for science ac all levels throughout the mation. I wikl .

recall for you the instructions of former President Jobmson in-a
' .
.1965 statement to his cabinet on this subject. - He said: - . .-
. .

. . A

N
°
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"At present, one-half of the Federal experditures
for rejearch go to 20 major institutions, most of
which«#fere strong before the advent of Federal
research funds. During the period of increasing
Federal support‘sidce World War II, the number of

« institutions carrying out research and providing
advanced education has grown impressively. Strong
centers hawe developed in areas which were previously
not well served. It 1s a particudar purpose of this
policy to accelerate this beneficial trend since the
funds are still concentrated in too few fhstitutions
in too few areas of the country. We want to find
excellence and build it up vwherever it is found so
that .creative centers of excellence may grow in
every part of the nation.”

The;e remarks enunciu:ed a policy of continuing irow:h in Federal
research very shortly bgfbre annual support levels for science reached
their peak level. Under that policy the Federd} Gove;upen: supported
nog only the best of the scientific enterprise but as well the
relactively ;ext be;:ﬁ all in order to achieve a wider geog}aphic
distribution. American science has, of course, always been perﬁqrﬁ:d

[

by a wide array of institutions. Basic research is carried out in

universities, irdustrial and governmental laboratowies and by

‘. . L] - ’
nodprofit organizations and has been supported by private foundations,
by industry and by governgent. Underlying this policy is the belief _.

» - /
that improvement in the quality of American science fs c@osely tied to

widespread use of public funds to-support the scientific enterprise.

Such a practice was possible with a budget suppor:‘Bolicy ofe generéL N
growth in Federal expenditures. S
L4 L]
T
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+ I submit, Mr. Chairman, that under today s circumstances of o i

£1mc&!austericy and the growing national consensus that :his

n:ty')pre:r‘ail'for some years, it noy oe‘_x}e.ce%:o reexoo.ine .:hif

piura.listic cornerstone of Federal stience policy. Under continuing .

:igh: budgetary cons:raints, if Axnerican science is co{o-n:inue io a2 -/ .
pro_ggc:ive and healthy pa::ern we consider essegtial for mgin:aining
LA X

'our comparative technological strens:h, a reevaluation iy ba .
.

1

» P

v required of :he compvouise between egali:arianisn a d eli:ism that .

has charac:erized pas: E,‘ederal fynding policy for science. Sucha ¢
;‘_‘ conpzonise =ay no longer be realis:ic. E!onever. :he consequences of ,
° kS ta L
such s recvalua:ion can.’as you oay well imagine, creu:e great stress

“within the! American scien:ific en:ergrise. . ’ ‘ L
My hope is. of coutse, that we are experiencing a :emporary

_<gnstraint upon" public expendicurf for scl"'hgg durin; a finitc

period of fiscal aus:erity -Ishope that these conscrain:s are Q .

ix::posed Jix:hin'a s:rangy of minimizing,damage) Hdwever. I am not
sanguine about such a :emporary state 613 affairs af:e'r fi?:‘:een years
“of nc real g:owth Ja the supporx:a of research or R&D. Cer:ainly.

:he :rend is not easily reversible unless. the Presi&en: and 5he

- -Congress jointly coopera:e to tekindle the nai:ion s en:husiasm and

supporr. of :he oppor:unities :hat: stl‘iencific and technological -

v

innova:‘ions,offer for ;u:w discoveries, new indusr.ries. solvins

- .

national prmxlens and Eostcring ‘our” social-and economic weﬁ-being .

" . ’ - o - .
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"There (s no need for me to address to this Committee a detailed

Justificarionpfor why the health of science and the well-being of our

socfety are closely linked. In your deliberations you are constantly

‘

. made awdre of the comtributions that research and technological
ot < . -
- applications have made to economic and social progress and of the

rezarkable panoracma of sciengfic frontiers {n which U.S. scientists
- S ’

are effectively engaged in exploration. Much kas been accowplished,

¢ but the major fields of science continue to offer many opportunities °

for fruitful investigation. . ™.
. < ﬁ% \v

Some tize agd, in 1978, I had occasion to ask a number of public
officrals to identify, some outstanding research questions including

', those with prospective {mportant relationships to contemporary

»

problenms and issues in society. That list, which is attached as an

‘ appendix, vell illustrates the consequences that could flov”from the
PR , . ¢
continued vigorous support of basic research by many agencies of the
. € .

government and by our nation's industries and businesses. °

The frontiérs in science remain exg._i?ing. Many of these frontiers

have been aptly described in the first-and second Five-Year Outlook

" reports submitted by the Academy for the Adnin!‘.stratfon and the Congress.

I would like to cite from the summdry observation of the just -

»

P released publication of Qutlook II, exanple.;. Qf the excitement that
. . < === Sxed
pervades many areas of science, not only because of the remarkable

success of our scier'x'tific endeavors in extending the frontiers of
<
knowledge but also in terms of scientific contributiong to the
. Spavning of new industrial enterprises.

.

. . - . " &
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"“The chapter on Sun and Euth describes the remarkable 1ngenui:y.

.

éa:eful plmnin;. and clever ms:ruuen:ation that has been used to

gain further insight into the physics of the sun and the wanner in

which the sun’s radiations govern the properties of the gaseous
* laye:s surrounding the ea:ch de:emining their chexnical couposition
and the nature of both *he magnetosphere and the ionosphe:e -~ with

important “i&5plications for radio communication. Solar energy, a

fraction of which is directly used for plant photosynthesis, is
largely .absorbed at the earthsgsurface, from where it ultimately

'stokes the engine-shich cteates’ weather in che lower 3t§c‘:sphe:e.
/ R - )

X Nevertheless, the extent to which Sé:eo:ological phenonmena, are
- determined by vuia:;ons'in the emanations from the sun remains
» - >

<
&

uncertain.”

B

) “The chap:e:s on Chenical S){nthesis of New Marerials and

v > -
, b, Py

¥ The Science of Mac romolecules suggesr_ tha: cheniscs have the gif:s

‘of uiza:ds,-capable of c:ea:ing in the labora:ory any stable chemical
! stricture tha: can be mqu.ned. ‘rhe chemical propercies of such

ncwly syn'ihesi,zed materials are fairly px"edic:ab],e, bue predictions
. of :heir physical properties are still someuha: chaney. Syrprise

hd

== 1s still the order of the day. Neve::heless', a sufficient basis

of understanding has been esta?nshed to suggest that synthetic ‘
NI e

chemistry will have an ever more productive future in tailoring
- [\

. -
moleculds té order for the diverse purposes of@m*’)

» PR ' - *
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‘A tesux;ﬂng theme in the chapters on basic science afd on i

:ect:noi:g\‘y is the way in which the findings and the instrumentation
;!eveloped 5 one a:?a‘o‘f science fiad application elsewhere.”

< “The first Five-Year Outlook portrayed the manmer in which the

“developcxen: of solid state physics and the‘computet and cocmuriications

industries have gone hand in hand, each stimulating and making the
other ‘possible. 'A not dissizmilap citcumséance has'existed 1:: the
field rei;:ed to synthetic polymers and their vatiox;s applications

in fidbers and plastics.”

.

“As md}.tcuted in the chapter, Directions in Nutrition Research,
auch of our current uniierstandin& of the- functioning of. \,;1taz'nin D

is traceable to decades of work on the steteocﬁemisfty of organic
¢

molecules, on the kinds of @o0lecular rearrangements occasioned by

the absorption of 1ight, and on the diverse physical instrunentacion

= . now employed to help decode the structure of molecules. Or note

the statement in the chapter, On Some Major Human Diseases, describing
the kaleidoscopic interchange of ideas from one research area tor
+ another: A
1 3
- N 'Who could have predicted...that studies of the
genetics of skin transplantation in mice would .
provide a principal clue to understanding
rheumatoid arthricis I¥¥fan; chat a variant
LN in the structure of the sulfonanides developed !
as antibacterial agents would make poss;}le"% v
wanggement of glaucoma of the eye, or thft the
. : combination of a viral infection and inappropriate .
***- formation of an antibody to some structure on the ° 3
surface of one's oun cells could give rise to a 1,
fanily of diverse diseases?’™ “, . -

N
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""Such Lntfrwe vings occur no less in the physical scierces and

Jn she develc.:pr:.enr. of new :echnology.l For exanvlé, the theory of

plate tectonics pro;id;‘s a neaningful-framevork for resource '

exploration of commercially usefuyl minerals and hydrocarbons.

Yet this great new synthesis of geophysical.underst’anding -o;es 1:;

cx"ear.ion to the curiosity of pale;;;ciogists about the shell struc-

¥
tures of llms: Dicroscopic creatures found in cores drilled in r.he

ocean floor, to painstaking surveys over the ocean floor to de.:ec:
magne:ic"faclaziues in seabgd rocks, to inquisi:ivmess about the ' *
geography of the Hawaiian Islands, to mtching ehe:hlon and fauna
in differenc con:inen:al borders, to a mze of wo“?oa the properties '
- of ci:cﬁical isotopes, and to the imaginar.ive lpplicar.ion of that
¢ ' work to the dating of ancient rocks and sgdimen:s‘." ) .' :
"It is an $nspiring fact that lasers, invented out of the insSights
afforded by qxlxantum‘ physics:, have spawned new arts and technologies.
- 'Ihey enable @uch more precise alignment of untold 41fferent piysical .
arrangezxenr.s, including tunnels build under riverbeds or drilled
through zountains. Lasers are the basis for one approach r.o
controlled fusion, are used to repai: dazaged retinas, and are at :
the' hear:hof r.h{ ins:rumen:ar.ion which makes pusible the :etec:ion
of fleeting intermediates in chexnical syntheses. They also are use:i
to drive pho:ochemical synthetic processes’ in :he labhoratory and

may soon find $imilar commercial application. : i ) . .

5‘”
ey
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i Sum, the scientifac enterprise will be seen as an extraor-
. . g /"
dinarily dynamic system. ‘l'he praccitioners of each field successively

atrack in increasingly sophisticated fashion the layer of questions

> Pl kN
o

and unsuspected arrangements which generate gore question as well as

»

Zore dpportunities for applications to human welfare.”

It is evident "om this survey that American Science is a systen
55

vith trezendous potential for expanded ‘sciencific produ&tivity. The

¢ concerns and doubts addressed:in @y remarks tqday are associated

pri:.a:iiy with the evet—uidening margins between increasin'g costs

of doing science and levels of funding made available for this purpose.

St

. J « The .conference held at che Acadeay on O’c:ober 26 and 27, and your

hearinss. :-:hich will u;\dbubgedly extend over dnfo the next session,
can besin the needed dialogue for addressing the uncercainties faced
by our scien:ific and :ec'mxcal en:erprise and offets to us che

e

5%
opportunity for bringing a grea:er wmeasure of stabilicy to the - -

budgetary process. It is in that vein that I offer for your con« i
sideratioh a series of gecommendations to aid in restoring an order-
* oft program stability and predictability to our national scientific’ .

entetﬂtxse. It should go far .towards reaffirming our commitzent

to :he poldcy thlt,*contigged sound investments in fundamental

<

1/

usearch by the .Federal govemment are cssential to our ,national

N ~ R S e

goals. 1 presen:*hese recommenda:iona to assistg xn es:ablishing ks
<ty "

arplanning fmn:euork for your committee’ s conside:ation and

fux-_:h'er debate a§ you return next yean to the task at hand}

e R .

. revealed by previous research. In.the process, they findjtiew surprises.
3
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1 propose a ten-year compact between governzment, industry-and N

universities to establish new national goals for sSupport of science

N <

as follows:

(a) The basic scie:ltific ‘research budget for the Federal
governsent should 1ncrease’ each year at a rate that
would cover 1nflation°ar;d permit 1% or 2% real growth.

- This annual rate of increase would' respond to the need

Py for stability and prediccability 1;1 esiablishi‘ng long-

term planning goals and also provide for the intrimsic

inflation in the ‘costs of doing science as new methods,

and cechniqu.es emerge. This might bc.: considered the

base progran for all sciemtific fields;wl'

' (b ‘I;x add;‘gx\j\.on, another 1% annual increase‘ would be e

_— provided to .support special cargécs of opportunity
N ¢

in parcicular fields, or for areas of research related

v,

to pugcicu.lar nutiana.;}needs, and to pro<ide supple—- N
~3E R »

nentary funding to assist in meeting costs for such

v items as essential instrumentation and plant facility

needs. This category may be considered 2 means of

- ‘¢
assigning high priority to certain fields in which
4

the pace o?d%covery is particularly high and

. signiffecany.
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>

(c) Within present levels of program support, the scientific
Commumity and the government will coope;a:e to find
, ways of transferring funds from the less productive
areas or institutions now supported by Federal research
funds’ to the more productive ones. Increased pro~
ductivity could be accomplished by reducing indirect

1
‘ t ' costs, reducing regulations and-improving efficiency

through longer-term awards, A reasonable target

“should have the result of increasing annual support

by as =uch as 2%.

- A
{d) A cormitzent from industry of 1% growth (i.e., zbout
$50 million}yea\r) on top of their present ,co'ntrib?—
L tion to university research. |
(e) To.assure continuation of adequate support of graduate
education need“%}n science and technology, a cooperative

o

partnership 1ndiudj,ng government, industry and
. . - ~

unlversities is proposed. Under such an arrangezent:
A d
(1) The NSF and the mssion agencies should support a '&\

coordinated program of national research fellowships °

current activity,/with zission agencies co'uple:nenting

LN

Yo . the NSF program by éscablishmg fellowships that e

; 3 -
LS ¢ .

L.

O . .
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will encourage careers in areas where there are
xnown to be special scientific and engineering
-~ ~ manpower needs, Examples would include:

o
toxicology (EPA), combustion science and,

enginee'x{“iug (Energy), an‘dAconpu:et sciences a:1d
integrated circuits (DOD, NSF);
(2) 1Industry should bé encouraged to establish

additional named fellowships in fields where

. their needs are greatest. Selection of awardeesw

. w.ho would be recipient of these fellowships could
be managed in collaboration vdt:l; a Federal agency,

# < such as the National Science Foundation or by an

independent group that would administer the fellow-

ship program to ensure a national competition of

-

merit.

b

Such a compact between govémmenc, industry ard the universities
4

ehcompassing the above iniciaci‘ves could provide the commitment for

assuring the stabilicy, prediccabili:y' and real growth needed for a
strong U.S. effort in sciefice and technology. It may seem to be an
expe;xsive progran, but it need not be so, if some astute transfers

hd .
are made frim development to research in the overall Federal research

and deVelopment\%udge:,

ERIC -
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“

It would be =y rcco;zsnﬁaclon. Mr, Chairman, that program
responsibili:é for carrying out these new initiatives should be
assigned as a Easg to che Director, the Office of Science and Tech~
nology Policy, es%ecially with regard to che last two i:emg,.ghich

\uould require close surveillance and exercise of a gompreheﬁsive
overiiew:

I end wy resarks by saying cthat the approach I have recommended
reccgnizes chat a strong scientific angﬁsgchnological enterprise is
closely ané intrinsically bound together wifﬁ‘a healchy society and
"stroﬁé economy. It also would reinforce our existing practice of
relying upon support of individual reseaych grojec:s and a shared
responsibilicy between the public and pfivate sectors for the j oy

Neerfor’.::ancr of fundamental research. The pluralistic nature of
this institutional arrangement has given us a flexible system of
research and development” and has provided the incentives for
individual excellence, -1 urge that we continue thz basic systenm

which has served us well over the past several decades, but also

introduce modificactions and‘improvemen:§ that the times require.
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APPENDICES TO STATEMENT
PRESENTED BY

Dr. Frank Press
.~ President

. . \ Natidnal Aca;iemy of Sciences

o ,
. - B
before the Committee on Science and Technology
. . 7 House of Representatives
‘ R o, " Ly ¢

Decenber 10,‘1981 ’ ""

[ .
Nee

+ .
I. CONFERENCE ON THE FEDERAL RESEARCH AND, DEVELORMENT BUDGET
. FOR 1382 AND EUTURE YEARS, October 26-27, 1361 ~ SUMMARY

2. STATEMENT OF CONFERENCE CONSENSUS
3. LIST OF CONFERENCE PARTICIPANTS
4. BASIC RESEARCH QUESTIONS FOR WHICH SUPPORT IS DEEMED

IMPORTANT TO THE NEEDS OF THE COUNTRY AS IDENTIFIED BY
PUBLIC OFFICIALS IN 1978 \ :
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SINTIREINCE N THI - -
PLSTAACH AND DEVILOPYEINT 3U0GET
FCR 1982 3¥D TQTURE Y:Iaas d

. )
: Ia brief, the puzzcses of che =eeting, held Cctoder 26 and 27, .
1981, a: the Yatipnal Adcaceay of Sciencas in Washington, D.C., Jere to: N
. odtalin factual in:c::;:ion on federal dudgerary plans for Y *
1981 and seyond, froa governaeat officials dizectly concerned .
vith sc-tact .o--cY 31d 4azh c:vill&q,:tse;:ch and developzent
sudgets ,
e
- v develop an inicraed dlalogue 2307 conference participants and .
, Yith acency cfflcials aXout the Lapacts of the prespective
. Teductions; ' P
" . propose budgetizy alternatives, foz’ TY 1987 and for fusucre o
1 ! "7 years; and . . :
»T ' C0N R . \
¢ - ey y
. consider inirza¥iag tQVLQHS 02 the {astitusional structures
. 10Q Frocedures for sSupporting research and developoent ia-the
national laborarxcfies and in tie universitles. .
N 4 . N
~ Ourin; “:s velccaiag renarks to the confecees,*dDr. Frank Fress,
cTesident v< VYaticonal Acadeay of Sglences, stressed that he had '~
. convened the 2eeting Secause he believed all could denefit frem an
T inforzed 2lalogue, and, s.ccﬁdly, that he did not viev the confeczence

28 the dasis for cau.~cn-a:xon with officials reprasenting the .
dejpazzaenss and :genciles. CI. Press also stressed .shat he ¥as aciing
&3 2 convenor of 2 nuxzber of ey officiils in government Rith leaders
in reseadeh zad develop3ent, na that it was Aot 2 zapeing of the
Acadexy. +

Cn Ccictes 26, the confereas net sith representatives from six
. 'OV::n::1°al depdzzaents :ad acencies. A juaber of conferaac
sarticipancs so:ved 2s janellists for discussion. Cothments frea the
.loo: fcllovel eich panel presentation. Cn OQctober 27 the conierges
39T 1D axecutive sessicn, 2% zn;cn tine they adopted a consensus
sStazenelt, [The Tonsensdus staiament and che list of sazticipanzs acs -
wtached,.!

N This suamarty fl
2lans, 45 presezed
the analysis 27 Sv. Wil

SC3Sses the cuzrrent ain rective budgex
he goveranental raplesenza -*vas and 3s sho«<h 1n
is Shapley, zoastl:ant ,io %he ismerican

2
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Associstion foT tre ASvanceaeat O science. deccncly, it desccides
" tapacts -~ iasedlate :nd ceyond -~ 9f e prospective budgetary
“. ceductiens. TLjAllY,.Lit DWPOITS On sessixle invelvezenis by tle
scieptific aal tecknical ceazunlsy &n Soverazental decision 'making.

- . L CUSRE¥T AND PRCSPICEIVE 3UDGET PLANS
. - .
- . Quarview af the jurxzens 3uydges and Iss Stasus [ .

o

- ohe TY 1962 :tlgex presented By zhe Adatnistrac¥or ia ¥ezehr 1381

¢zedycad she tosals gropcsed fcr ceseazch aad develogpaent By the

. FTevidus Adainisszation, oue Lt generally 3aiantsined the priaciples of

- Jederal cfsgonsibility £o7 longaz-ter: reseazch and those apgplied
cesserch/apd ievelopzent activistes that support racognized fedecal
alssioas Zuch as naticnal secuziiy. The exception Ln the Yazch budget

to these principles vas the savere reduction in sugport for kasic

! :csnizch in'the social sciences. Houvever, i Septealer, the

... 3daidisszatlon propesed a fuzther zeductiof im tie FY 1982 dudget ==

Tare ) {gt.fo—callcd ~12 peccent across the board ¢ut.* That propesal would

| reddce the $82.2 %¥€llicn of RED appropziations ceéquest of the Yarch

Sudgex Xy $3.1 billion -~ §1.C >iliton t-on the Cepactaent of Defense

{. (DAY} amd §2.1 billion fzom all other prograas. CI che $42.2 »illrion,

\thggs $5.5 %i1lion ts ascribed o Basic reseazch and that aaount would

gesat by adous §600 ailltfeg. '

- ~,

In corszaat 198C dollars and appliring = Adsinistratica’s azaul
inflation-rate cf 3%, the pexcentage diZference Setseen the 1980 budgae
ad the proposed Sagtezbgs hudget is: 30D, tI¢R; ¥ASA, -7%; DCEI, -26%;
ST,-=17%3 4KS, -19% (¥Ik, ®18%). Tor dasic reseazch, the overall
ddyetion Ls 11%. .

i
g =

g
sk

oner

f

. The prasent sctlens ¢! «he Congreass ¢ the ¥
wquesss call for raductloas Zzam he Yarch dudg
/ . Bagnizude, Yeize 3 czeducszien of abeut §1.0 sills
- uadisng aad zacen frot the DOD budgex. While so
are Daen-22dw 57 the ARPIOPriiiialks comait e have alLso baen .
st Ancreases.zosailiag abdeur $20Q plllion. The Consressicnal actlons aI@
P ot sesplesar, TXe Sovernasas is curreatly ogerasing con a centlauing
sheglusionreapdvering agencies 9 axgend at levels and rates consistens
wizh. 1987 appreogolations levels. he Adatatstzaticon, hovever, has
S Zurcher Lnystructed agencies 2 axpend at cites consistent Jith tle -
- proposed Sepsealher Tevislons ¢ e 1682 Sudgat. <ha Adainistraticn
.- . propasds- ¥o set :hese lavels foraally through the deferzal precess, and
" deferral Tegitwsts <ere Selag seat to the Congress by tha dzialstration
s tare Scuobes. The zesolution of he 1982 appreopriation szccess ill
oL mequire auch. fycilwr discussion letveen the tvO gocverazaental rranches.
- -Eeveralipwsifelsanss as tha Sguozer 26§-27 Conferencae, Lncluding
- JAdalnistpation, oificisls, Lidizaced chatethe ouscodna i1l e
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Ciffce of Managesent and spdget.  Jr., Xeyworsh causioned agalnst
e3I3URLAG the 40TST gossible scenazic concerting she budget. Iie
jadicated tha2t he fil: that, overall, science was healthy; that.the
AdainistTas®on woul L1l adhere to a philosophy of supperting
:Qs.agch; L2

The MWaialstrazy
vas representad’ by o

o
-
T
s
<

that it wculd tale a zoce crizical atzlizude towvard
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on Ldeazificaticon of reseszch szreas of aaxiaua proaise, vith the
asscagtion that these would e supported. Yaigtainiag the strength of
%0p research ariversizies, s@ppocting high Quality resaazch, and
tespondiag 20 instruzentation needs vere all uzced dy Dr. Xeyworth.

1

.
“r. Xhedouzi ackrowledged that the budget qutcoze for 1982 is
dncleaz; - there will Sq negotlation and the Gap Setveen the
Adzinistration and Congress will narcov. The Adainistrmation's afa is
T0 estadllisk tazSets and 20 stick to goals; thece will De aczive, not
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. Passive, cesponse by the Adasnisscatlon to revisions of tazgets, by the

Congress or Xy revised economic forecasts. This <11l rzequire tuo to
three rears of hard udget decisions. He iadicated that the uysual
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snderIcnding over a decade in these disciplines. Jr. John Slaughter, -
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DY the Adzinfstration upon the Nation's scientific research S

sfaTenENT g

.
The conference on research and developmest wis a neeting on

QOctober 26-27, 1981, of about 100 university officials,
laboratory directors, industrial research executives, scientists

and engineers, and individuals experienced iz public pollicy, who '
were drawvn together at the f{nvitation of Dr. Frank Press, 3
President, National Academy of Sciences. The conferees aet to

discuss the {zpact of the prospective bdudget reductions proposed B

capabilities. Officlals of the Administration discussed their
proposals with™the group. Ohservers tron the stafX of the
Congress and the Press wers present. The conferees reached .
consensus on the following: M*}MN\ - )
@  The problems of the econoay - inflation, hi nterest .
tates, industrial stagnation - have eroded zoséarch and,
development just as they have {mpacted other sectors of our
society. The participants {n the conference understand that . .
the natiQgn aust pass through a period of restraint i{n public
cxpondl;ﬁ;gsr Yet the proposed reductions in the . .
President™s September or Fall Budget will do irreversible
damage uhless longer Zeram research, {n contrast to
development and demonstration, is protected. . o>

° It is the view of the conference that continued sound
{nvestaents in research and development by the Pederal
Governnent are essent{al to our national goals, including
public welfare, a2 strong national security, and a eenewal of .
grovth {n productivity. Much of our economic growth over "
the last three decades {3 directly attributable to research v
and development that has been supported by both government
and industry and even earlier {nvestnents {n research. .,
Because of the {mportant relationshi{p between research,
technology and increased productiviey, the expressed goals
. ©f this Adainistzation for a strong economy and improved
" national security demand =2ore, rather than less {nvestment .
{n basic¢ research. TFurthermore, the intrinsic relation ' o
bdetween the performance of basic research and the training
of sclentists and engineers nakes continuing strong support -
necgssary to prevent futHre critical gersonnel shortagas.
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ES within the Carrenw Support by the govo:naoﬂ: of :es:arch and
’ldove}opman:, aeazly $40 bx%llon, less than 15% tepresents
basic scilenzsfic and engineering tesearch. Support of
scienti?ic raseazch is a public expenditure from which a1l
| sectors of soclety denefiz. 3Basic science is a2 ‘Tong~-tera
investagnt, and depends on government Support. There are no
significang sources of suppos:t for such 2 collective benefit

- which can feplice the Zederal Governmgnt.

- tnscadbility aad abrupt changes in funding have severe R
effects: rmsedrch teans are broken up; investaents ia <
experinenss involving laxge facilities such as accelezators,
spacgecralt, oceanographic vessals and other instrufents are ‘
poorly used. The continuéd flow of new researchers :iato
our industrial and university laboratories is best
saintained by their stable and continued participation in
gniversity based graduate cesearch.’

O secause of Low investments in tesearch over a decade and

nigh {nflation, many ¢ields of science are ndw especially

sensitive to decreases or increases in funding. The

conference usges that dne Gbvernment Plan carefully for the

suppoct of the natural scfences, engineering scirences and

social sctences, and prote “such plans from abrupt change.

- . 2 In the March budget :%%;;ions the Administration recognized
the general, long acceptez principles of the Federal role in

suppors of K Teseaxch and development. There 13 special

concern for defense and renewved groweh ia productivity.

. ~ne proposed reductions in the President's Fall Budget
[ Program vould establish afi~overall.percentage cut in all the
,vazious bdudgetrary accounts’ the conference strongly
ceconmnends instead that =he' Administraticn and Congress
should: -
¥

,~ Yiew research 2nd developnent icross the entirne ,

geoverntent, aakling budgetazy adjustments or

creductions that maintain the basic sciances by

reallocating funds between research and

development;

-
T :
‘ - tastruct Depacimaiits and Agencies to maintain ;
“ne strength of science in 2gency budget
alliocazions: ‘
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~ Dizect a larger pdct of the incressed budget for
national security to the funding of basic research
that i{s essential to tie maintenance of that

- security; '

L]
= Recognize that the sclentific base of the nation
- has suffered 2 decade 0f little or no growth and

' " amust be strengthensd in order to maintain

competence in the nation's ladoratories;

-- Recognize that education in the sciences is ’
‘inextficably linked to research and continue
graduate "student support through reseatch grants,
tcllov:ﬂips, and :»alnccshlps;

~ Recognize the need to revitalize :h.‘
instrunehtation and anlllgy base on which future
scientific and technological advance d,pcnds.

N These principles should be applled to the budget for 1982 ﬁ!”*
and beyond. /"
-

] A auch strengthened nechanisn i3 néeded through which the
scientific and engineeking communities advise on resource .
allocations and analyze the impacts and benefits ©vf various
shorter %erm and longer term budget strategles for i
government investment in research and development.

o tt is timely to initiate am analysis and evaluatidn of the
instizutional systen for the support of research and
developnent including the distribution of resources, the
continued need for some facilities, grant mechanisms, etc.
There should be input into this review from the sclientific
and engineering comnunities in universities, the national
laboratories and industrty. Further,.feview aust loak across
Departzents and Agencies to achieve the most, productive

s allocation of resources.

a

o The strength of the nation depends on the continued supply
o0f sclientists and engineers. A large number of the best
young pedple aust be attracted into these disciplines for
careers in industry, the government, and universities.
Policies at all levels of governnent to insure the continued
flov B¢ sclientists and engdineers pust be develpped. The
education ©f the nation's youth in science and engineering
requires prioricty attention not only by the Federal
Government, but also by cizizens and officials at the state
and local levels and also by the Prfivate eector.

f

©

. ‘

4 o The groving relation betwveen universities and {ndustcy are
laudible and the nation can only benefit freas these .
partnerships. Yet such a rcla:lon canner become 3
substitute for the strong 90vcrn=ont university partnership

- in support of basic reseacch vhich nov esists. Thr .
industrial members of the conference strongly suppott the
continued investiaent lE_ballc research by tfe gOove i'ment.

¢

*

. Y
L . e = N,
. ERIC. L S

. . ¢ . ;




PARTICIPANTS
- . »
CONFERENCE ON THE FEDERAL RESEARCH AND DEVELORPMENT BUDGET
- . October 26 - 27, 19817
N .
- .
b
D;;;-:t“éi::id“n Dr. David A Blake
. Az:i ' ———A;lo::atlon for th Assocsate D&an for Research ¢
rican ot che Johns Hopkins Universtty School B
AMvancesent of Science. B . of Medicine ,- .
- ‘.'76 Ma'ssachusetts avenue, N8 720 R;t]:and Avenue e »
- B Hashiagton, D.C. 20036 3;\1’-1'! H_ryhnd ,}_205
Or. Luis W. :\.hu:e: ’ .
) . La d
Hurence Serkatey asacscory e
Untversity of California . Harvard University
Zerkeley, Califémtia 94720 ( 16 Dtvialcy Avenue
4 1
Br. Roberz A. Alberty Caubrtdge Massachudetts 02:{8
Dean, School of Science . Dt‘ Derek 3ok
Rooa 6-215 .
. Massachusetcs Institucte of Technolosy Plesident [

Harvard University

77 ¥Massachusetts Avanue Cambridge, Massachusetcs 02138

Canbridge; Massachuserss 02139
pr. Johs §. Bahcall pr. Edward N. Brande

Asstscant Secrecary for Health
4
The Inscitute for advane e dCSETRY— Departzent of Health and

éi:ool::l Natural Sciences  Resources
N Fu::c'o:’x. New Jersey 08540 _200 Independence avenue, S.9.
=R Washington, D.C. 20201
° 1
g: J::: :a.dcschwe!.‘ler Dr. Ronald Breslow
- T “n’“ Cor-: 2cion Departzent of Chemisery .
2 iox‘u o?c;al. fornta 94304 Columbta University
2o o, New Tork, New York 30027
Dr., George 3edell
. Or. Alan Bromlev
3 4 -
Erecacine 1hce Smenl N
,:O;t_'. vnivers ;7 ysces of = Wright Nuclear Structure Lab.
1";: Galnes lz.e:: s2361 272 Whitney Avenue
Tallahassee, Flortds 32 New Haven, Connecticut 06520
Or. Robert ¥. 3erliner, M.D. . '
r. Felix . 3rowder
‘;zlchn.vcgsuv School of Medicine Deparcaent of Mathematics
\l” q:d" :r“: ' 2651 Untversity of Chicago
ew Haven, Connecticut 9 5734 University Avenue
Cht N inol 606
5c. Jonn 3latr cago 1l1iinois 37 -
2:“;:0': ?.i esearch . Professor Bernard . 3urke
u‘i:seon o:p:nyt Departzent of Fhysics
pfhs vc (1 . o173 uassachusetts lastitute of rechnologx
Texingzon, MagsachusetIs Room 26-335
77 Massachusetcs Avenue °
q ” - Cumbridge, Massachusetrs 02139
r‘ Lo
«
‘ ’ ‘
\
- . r\ #
. . b
. |
|
\ - . - \
¥
. . \)‘ // s N ’
- EMC \ 9 . . {
: ! e ! .
[+ 1 % A f ~




Ocr. Melvin Calvin
Departzent of Cremistry
University.of California '
Berkeley, California 94720

Professor A.G.W. Cameron
Harvard College Observetory ,
60 Carden Street

Caxbridge, Mamssachuaetts 02138

{0r. Hillian Carey,

EZxecutive Officer }

Azsrican Associatian .for the .
Advancepeat of Sélence I

1776 ¥pssachusetts Aveaue, N.¥.
Washington, D.C. 20036

Dan Caratchael

Director, Covernnent Relations
E1f Wlly Co.

307 F. MeCarty Street
Ind{anapolis, Indiana 46285

Or« Robert 7. Chriscy

Californis Institute of Techaology
Pssadens, Calfforanfa 91125

Dr. ¥. Dale Comptyn
Vice President, lesearch
Ford Motor-Coapaay
Science Reseerch lahoratories
20000 Rotuada Lane
Room 5~1106
~ Dearborn, Michizan 48121
-
Dr. ?ailip Converse ¢
Institute for Survey Ragearch
University of Michigan
Annt Arbor, Michigan 48106

dr. John Crowley
Di{rectot of Federal Relations ior
Science Masearch

Association of Agerican Universities

1 Dupoat Circle, N.W.
Wash{ngton, D.C. -20036

Dr. . E.'Devid

Rresident ~
Exxon Research § Ingineering Co.
180 Park Avenue
?.0. Box 101 b
Florhan Park, New Jersey 07932
3 A @
. . .
.
N 3
.
: .
L
] Y e
o . .
ERIC S
-

' i
o - 3

89 Lt i

* Departaent of Physifs "~

201 Coasti'tution Avenue -

Dr. Jsmes D. D'lannt
Chsirnan E

Council 0f Scieatific Society Presideats

860 Soverign Road’

Akron, Chio 44303 ’ ¢

Dr. Jazes D. Ebert

President

Camh;hnm't‘:nution of Hashington N “
1330 P Street, N.W. .
Huhln!ton, D.C. 20005

Dx. Edward Epremian

Executive Directotv

Commission on Socidtechnical Systems

Nastionsl Research Council

2101 Constitution Avenue, N.W. N
Hashingtoa, D.C, 20418 t . .

Dr+ Fred Felberg : .

Associat® Director for Institutional J
Affairy '

Jet Propulsion Laboratory . .

4800 Oak Crove Drive >

Pasadens;  Califormia 91109

l)x-.L James J. Ferguaoa, M.D. v
Associate Dean for Special Prograns

Uaiversity of Pennsylvania ., . <

402" Anatomy and Chexistry Building
miladelphis, Penasylventa 19104

Dr..Herman Feshbadh

President *
Aserican Physical Sdciety ° R -
Room 6-113 kd
Massachusetts Instikute of Technology
Cambridge, Massachusetts 02139

Or. Barbara Filner . .
Insticute of Medicine . <

20418

[ -
Professor Williaz A, Fowler
WsK, Kellogg Radiation lab., 196~38 N
Galifornia Iastitute of Technology \ -
Pasadena, Californis * 91125 \

Washington, D.C.
’

Or. Donald Fredrizkson
Scholar-In-Resideace

National Acadeay of Sciezces
2101 -Constitution Avepue, N.W.
guhington. B0.C.~ 20418

¥




' 90 .

Ea !

br. Willian Fretter De. David 4. Goslin

[ * N -
G;xi::f:;sﬁ.zl"o'mh Systezwide Executive Diyector . ) K

Adat “* Assenbly of Behavioral and,
2200 U:i:v::i’:‘ona\ve 3 Socui Sglences ' ' w
3eckeley ‘cuifomiu 94720 National Research Council . e

: ’ ‘ 2101 Constitution Avenue, N.W. .

Dr. Robert Frosch ’ ‘Washingeon, D.C. 20418

. President !
American Associsztion of . g:;sn‘:}\f“y
Zagt 4
u;“h::':,:: g‘:";i:"‘f’ Massachusetts Institute of Technology
Seu York, Yew York %0017 ’ 77 Massachusetts Avenue, 3-208

Cambridge, Massachuserts 02139

Mr. Xe LY
Nasaisenigios oificer e e a hesocace 7
0ffice ‘0! the Home Secretary T e ey oeoeiate Frovose

Purdue Uaiversity <
National Acadeay of .
. '-n‘asht::ton, D.c): 20iiism;s Lafayette, Indiana 47907
Dr. Harold P. Purzh Dr. Norsan Rackeérman B . T
Director Prasident K . o
Princezon University Rce University
Plasaa Physics Laboratory P.0. Box 1892 .
N Re. A Bouston, Texas 77001 \
” 4 .
pPrincetcn, New Jersey 08540 Dr. Larry Horton
Dr. Robert M. Garrels s pffice of the President
. iy Stanford University -
Departaent of Marine Sciences
ung_p:.,,“y of Sou:h.Floruh. Stanford, California 94305 ' -
st Petersburg, Florida 337‘01 pe. Robers Hughes ,
* President
o « Go
. \g:":::ia L 1dberger . Associated Universities, Inc.
Californta Instictute of Technology :,7315"““;’;“’23;;2“' o
1201 Zase California Boulevard ashington, D.Le R
. .
Pasadens, Califoranta 91125 e Ms. Barbaza Jorgenson k
Dr. Mazy 1. Good . Assoctate Director for Public Affairs .
Vice Presfdent & Direckor of Research Office of Infowmation s
UoP, Inc. . . . National Acadeny of Sciences -

2101 Constitution Avénue, ¥.¥.

10 UOP ?laza Washington,'DiC. 20418 4

Des Plaines, Illinois 50015

. a ' Pr. laphael Xasper <
Or. Ricaard #. Goody ¢ Execytjve Secrecary 4
Plerce Fall - .
. Environnengal Studies Board
Harvard Universicy
. ; - . National Research Council
29 Oxford Streec N Vashington, D.C. 20618
Canbridge, Massachusetts 02138 shington, B.%. :
’ . e - Dr. Willtan C. kelly .
. ! . Executive Directpr
' Coamission on Hutman Resources
. . . ..+ YNetional Masearch Council ~
A B . . i - 2101 Constirution Avenue, N.¥. R
. Washiageon, D.C. 20418 .
& a . P

. v




~ - [

Mr. Spurgeon Xeenev, Jr.
Scholar=-Iz-Residencse
Nazional Acadeay 2f Sclences
Joseph Feary 3uildlag, Room 208
2101 Constitution Avenue® N.W.
Washingzon, D.C. 20418

Dr. jeorge Xeyvorth
Director

Qffite of.Sclence ard Technology Policy
Executive 0ffdke of the Prasident
Washitgzen, D.C. 20500

Mr. 7rederick Xhedouri

Assoclace Director, for Natural
Reeources, Energy and Science

0ffice of Management and Budget -
Executive 0ff1ce. of the "President

‘Weshingedn, D.C. 20500 .

Dr. Xauneth L. Kliaver
Associate Lad. Director for

Mhysical Reeesrch
Argonne Natiopal Ladoratory
9700 $¢ Caee Avenue

Argocne, Iilinols 50439 o
Br. leco Ledetman ' >
- Farai National Accelerator Laboratory
?.0. 3ox 500 .t tor
Pine Street \
‘Satavia, Illinofs 60510 - °
.ar. HBoward Lawis ]
Director N
Offtce of Information -

National Acadeny of Sclences
2101 Constitution Avenue, N ..
' Washiangton, D.C.' 20418

Dr. By Lyon
Texas Instruments lhc.
1745 Jeffarson:Devis Highwav
Suite 100§ ¢ . .
Arlington, Virgiata 22202

3
Or. Eans Mark .
Daputy Adoinistrator g
National Aeronautics and Space

Mninistracion

400 Maryland Avenue, S5.W.

Vsehiigton, D.C, 20546 ° .

<

\

T ~
»
.
.
v .. /
‘

PN -~
. e
4'/
. ‘”/,/ f
et Ty v k]
r-/"“\ § 3 ]
i . > i \
y \ [
e y Yo ol
'1' Y S| b, P Y .5 ¢
CERICH & L w s
B H .
R v i i I N .

° = . ’

91 ' X

Or. Peul Mactin ’
.Dean of the Diviston of
Applied Sciences
' Barvard Universizy
Cazbridge, Massachusetts 02138
. <
-
Dr. Walter E. Massey
Director
Argonne National Laboragory
9700 S. Caes Avenue
Artonnt._lllinoh 604239
Dr. RMchard A. Meserve
Covington and Surling .
Suite 111 © Y. -
1201 Perlasylvania Aveaue, N.W.
Washiggton, ~D.C. - 20006 -

Dr. Norman Metzger

. Associate Difector for Idftorfal
Services | > ° ¢ .

0ffice of. Inforaation

Natfonal Acadeny of Sciences

2101 Constitution Avenue,' N.W.
Washington, D.C. 20418

P »

Dr: Xafth McHeary “

Vice President, Research and ~
Davelofaent -

Amoco OflvCampany -

Mail Stacion H-3, P?.0. Box: 400

Warrenville angd H.i})l Road

Naperville, Illinots 60566 ‘.

o

Mrs Micah Naftalin ¢
Exedutive Secretary
Cosalctet on Science, Enginesring

and Public Poltdy
National Acadeay of Sciences ~y N
2101 Constitution Avenue, N.W.
Washington, D.C.” 20418

Dr. Willian €. Norris »

Chidf Exscurive Office?

. Contrbl Daga Corporacidit A
* P.0, Box O .

8100 34th Avenye .
Minneapolis, Minnesota 355440 ¢

“

Drs Domald D. 0'Dowd 'y

Executive Vice Chancellor A

State Universizy of New York .
" State University Plaza

Broadway - Tovwer 9

Albany, New York £2246

b




O

E

Aruitoxt provided by Eic:

RIC

. b .
’ - -
rd
Dr. Robert W. ParIy
.
President~Zlect !
Amerizan Chemical Society .

1155 l6th Street,’ N.W.
Washington, D.C. 20036

2

Dr. Geogge E. dalade
Section of Cell Biology

Yale University School of Medicine ¢
333 Cedar Street

New Haven, Connecticut 06510

Dr. W.X.B. Panofsky

Director

Stanford Linear Accelerator Center
Stanford University
?.0. 3ox 4349
Stanford, California 94305

Dr. Courtland D. Perkins
President

National Acadenmy of Engineerinrg
2101 Constitution Avenue, N.W.
washington, 0.C. 120418 H

pr. Cornelius W, Pettinga P

Txecutive Vice President

£1li tilly Co.

307 B. vcCarty Street

Indianapolis, Indiana 46285

Dr. George C. Piaentelf

Director, laboratory .oz- Chanical
Blodynenics

' Lawrence Betkeley Laboratory

N\

University of California
Berkeley, California 94720

Dr. Cornelius Pings

Provost

University of Southern Caiifornia

University Park

Los Anqchic Cali!o:nu 90007

MY

Or. Ferman Postta

oak Ridge,Natidnal Laboratory

Buildlags 4500

OCak Ridge, ’rcnnpssaa 37830
-

Dr. frank Press

President,

National Academy of Sciencas

2101 Constitution Avenue, N.W. °

Washington, D.C. 20418

1 v .
Tt S
if .
b ) . ~
. L

s ‘ .

. -
Dr. Renneth Prewiit
president
social Science Research Council ‘
605 Thizd Avenue
New Vou, New Yowk mols

g

Dr. Samuel Pride
yice Pres:dent for wdua:e Studaies

end Research
oniversity of Naryiand ~
Central Adzinistrat:ion N
adelphi, Marylasd 20783 .

rd ( .

Dr. Victor Rabingwitch *
Executive Dergctor -~
Comaission on International Relatiéns .

Netional Research Counc:il .
Washington, D.C. 20418

Or.
Lyman Laboratory of Physxcs
darvard Oniversity

Cambridge, Massachusetts

Norman Ramseyt

02

Dr. Peter H. Raven
Director

vMissouri Botanicall Glzden
2101 Tower Grove Avenue, *
St. Louls, Missoury 62166

s
. v
]
Mr. Charles X. Reed . |
executive Director
Assenbly of Mathematdcal and \

Physical Sclences | .

National Research council
Washington, D.C. 20418
Dr. Alexander Rich
Departaent -3¢ Biclogy
A6-738 -
Massachusetts Institwte of Technology
Canbridge, Massachusetts 02139

Dr. William C. Richazdspn
vice Provost for Research and
Dean of Graduate School ¢
University of Washington
Seattle, Washington 98195




W

stizuby of Medicine
Conszucion Avenue, N.n.
Washinglon, Ree. 20413

- N,
’ﬁj Joha W. Ryan
Prestdent
Iadlapatatversicy

——s r-q

- oe

"~

fyen Hall-,
ocninz:}, Indiana 42405

w. Snli;bu‘:y /
razory

“=° 318 Ani=al Sclences ia
~ Foiverstfy of Illizois
1207 Yest Gregory Drive
!eraua, ul‘nois 6.
/

e

z i«ve. 4
V=1 »

fiverss 7 of Michigan
503 Thompson Street
‘A\n-x Arbor, Michigan

48209
Dr. Willis Sha
Con

n’Assoc-a:_Lnn for she

AMvanceoent of Selence

— 17 75 Massachusetes
Yashington, D.

R Pavid 4.
' _M-.Aedf")u
e """ TLawrence Barkele

One Cyclotron Road
— -Berkeley, California

CT
)

—

Laborugry

s

94720

L
[ Or. Barrison Shull
t for Acadeatec Affairs

\ . Vice Pres £ £
/ﬁ"&;ﬁﬂ
Rensselaer Polytechnic Instigute

 Troy, Mw York 12181

92-195 O=—82—w7
O

ERIC

‘ PAruiitex: provided by ERiC

W

~ ! ————"""Hishington, D.l.

Or. Leon Theodors Stlver
Divisfon of Geological and
Planetary Sc-ence:
€alifornia Institute of Zeehnl
Pasadena, Calif gnla 91123

Dr. Herberz A. Si=on
Defarcaent of Psychology
Caraegie Mellon University

Pirtsburgh, Pennsylwania 15213

Dr. I. M. Singer !
Mathezatics Deparcment
Zvans EHail
Universitydof California
Berkeley, Californfa 94720

’

M¥r. Paul L. Sitton ¢
Assistant to the President
dational Acadeay of Sciences
2101 Constitutién Avenue, ¥.¥.
Washiagton, D.C. 20418

Dr. John 3. Slaughter
Director

Naclonal Science "Foundation -
1800 G Street, N.W.
Washington, D.C. 20550

Dr. Charles P. Slichter
Departzent of Physics

University of Illinois
/_ygbuu,; Ilinols 61801

Mr. Robert Smerko

Director

Departzent of Public Affalu
Azerican Cheaical Society
1155 16th Street, N.W.
‘hshtlg:on, D.C. 20036

Mr. Philip M. Smith
Executive Assistsnt to the President
Natiorial Academy of Sciences
210lwConstitusion_Avenue, N.W.
20418

Dr. John Steele \
Director

Woods Hole Oceanographic Jastiturlon
Hoods Hole, Massschusecgs [\02543

-
'

e .
/
. _\_____,.————-"“"‘
'
L Py (%4
<.
. "’,.u:.»"’“’ ""
- o
. a




!
Dr. Yobert G. Tardiff 'Dr. Willtam G. Wells
Sxecutive DirecZor, BOTEER Americen Assoclation for the
Asseadly of Life Sciences . Advancezent of Science
"< National Research Couacil 1776 Massachusetts ivenue, N.W.
Washingzon, D.C. 2048 Weshingtons D.C. 20036
.
. Dr. John \Teex Dr. Robert M. White
President - President
sssociated Universicies for 7' University Corporation for ~
Research {n Astroncay - . “Atmospheric Research -
1002 ¥. Warrea Avenue #514
Tucson, {zona 81579 2600 Virginia Avenue, N.W.
wsSbington, D-C. 20037
Dr. Lewis Thboas .
¢ . President Dr. Julian Wolpert
Sloan-Xettering Cancer Canter Woodrow Wilson School N ,
1275 York Avenue Princeton University
New York, New York 10021 . Princeton;, New Jerseyl 08540
- Dr. John 5. Toll .. * Dr. Albert C. Zettlezoyer
President . - President
Caiversity of Maryland . American Chemical Socisty A
¢ 3300 Metzerott Road . 1155 16th Street, N.W. —-/
- Adelphi, Maryland 20783 ! Washingtom, D.C. 20036
- . -
Dr. Alvin Trivelpiece \‘ . -
. Director . R
Office 0f Inergy Research
Deparcaent of Energy
Room 7~80S58  ~ /
1000 Independence Avenue, S.W. .
Washington, D.C. 20585 N N
R Dr. Devid A. Yemnilyea L
N General Electric Company Coas .
1 River Road '

Schenectady, New York 1234

Dr. George Vineyard

Directot . ¢ /
Brookhaven Naclonal Ladoratory - ’ > {
Building %60 - 40 Brookhaven v
Upton, Long Island, New York 11973 . et

Dr. James D: Watsom
gold Spring Harbor Laboretory Y
Cold Spring Harbor

. “Long Island, New York 11724

Dr. Daniel L. Welss . .
~ Executive Secretary, Division of
Medical Sclences / N *
Assenbly of Life Sclences
National Research Council .
Washington, D.C. 20418,

-

.ad

ERIC * -

Aruitoxt provided by Eic:

e . / Ve
{, ¢ " ¢ e el




a«

\ Washingeon, D.Q4.

95

CONGRESSIONAL ATTENDEES

0%, Frederick M. Bernthal
Office of Senator Howard i. Baker
U. 5. Senats

Roca 4123 Dirksen Buiiding
Washington, D.C. 20510

. JE.

<
|

Mr. Lousis 3lasr \;

Ceomittee on Commerce, Science and

Transporsation

S. Senate

5112 darksen Suxlding

Washington, D.C, 320510

V.

Mr. Jack Clough v
Committee on Znergy and locmerce

House of Representacives )
Aocz 2125 Rayburn Su:lding A
Washingwon, 5.C. 2051%

Mr. Steven H, Flajser ‘
Sommitee onyCozmercs, Science and \
Tzansporzatken .
S. Senate

Rocz 5112 Dirkgen Bu;ldéi\g

\

J.

20510

wJdarold ?, Hagsen |

Zxecu Direczcy -
*‘s..\u:: ciedce and Technoid
House of Represtnggeives <+ ' :
#ashingzon, 0.0, 205§ .
e STRA L
¥r, fzrk Hersdwat N
R T iy -
Sube itee on ;ne:;-&evudpnqn\: & .
. Applica e o LR s
Ggrmitzde ch Sclarde and 2 chnology,
T Aolieng Representar: vAE: R

-

WAIRIRERIeY, Foma0s TS
:;—-——”“ .

- Qffice of Congresszan George Brown

Washington, D.C.

’

Mr. Gerald =. Jenks

Cornmittee on Science and
Technology

House of Representatives

Washington, D.C. 2051§

Ms. Leslie Xautz
Office of Congresszan Biil Green
House of Representat:ves
Washington, ©.C. 2051§

-
Mr. Richard Kraspow
House -cf Representatibes
2342 Raybutn 8uilding
Washington, D.C. 20515 «

Dr. Thomas Mgss * &

Subcczmittee Sciencq, Research
and Technolégy \

House of Regresentative

Rocm 2319 Rayburn 3uild: g

20515 ‘\

nald L. Rheem T
Myhority Technical Consultant
%:ze on Sczemc'aﬁd"féchnolcqy
House. of Representatives '

'dasﬁ:ng:gn, 0.C.  2051s




.

ERIC

Aruitoxt provided by Eic:

A}

Tea Alexander
Evert cla‘xk

Jean Coonan
Barbara Culliton

Mary Hager

anish
\»

Arthur

Robert Reinhold
Cristine Russell
Dan Greenberg

Ivars Pelerson

f

96

MEMBERS OF THE PRESS

Fortune
Business Week
Phxsxc; Today
Science
Newsweek
Science Trends

The Wall Street Journal

Chenical & Enqinéennq News

Chronicle of Higher Sducation

‘The New York Times

The Washington Post

Science-& Government Report

Science News

N

e

A




e

P

Aruitoxt provided by Eic:

BASIC RESEARCH QUESTIONS el
FOR WHICH SUPPORT IS DEEMED IMPORTANT
TO THE NEEDS OF THE COUNTRY
AS
IDENTIFIED 8Y PUBLIC OFFICIALS
IN 1978

v

Attachment to the Statement of Dr. Frank Press “
President:, Natfonal Academy of Sciences
before '
The Committee on Science and Technology
U.S, House of Representatives
December: 10, 1981

I ~
L] -t
.
By
W [
J .
1, ~
‘ pnt ¥
~ &
- 4 [ o
~ N H
’ Y
s
! "
.
.
)
1
v . . .
(e v
. . //"\
102~
. By J
-t ”
! i
.
' N T
e -
by
™~ *




98

-~ B

Astroncmy 2nd Astrophysics {

O

ERIC

Aruitoxt provided by Eic

¢

What is the‘nature of the universe? X .
How did it originate? Is it expanding, 'tontracting or in
a steady state? How large and how old is it?

4

Is there intelligent_life elsewhere in the universe?

What are the matter and energy mechanisms of stars -
quasars, pulsars, black holes?
. A ’
What 1s the nature of a solar flare> How is the energy stored
and how 15 it released?

How do planets evolve ind what are the common processes
that shape the environnents of the farth and the planets?

. .
How does the material-pervading the universe collect to form
complex orgamic molecules, stars, andsga}axies? Research 1n
this area can provide increased understanding of fundacental
natural laws and the origins of the universe.
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- Behavroral, Soctal and P >ychotogical Sciences ’
What is the nature of intelligence? . °

How do we think?

+ What are the fndividual and cumulative effects of government emequre
lation on domestic productivity? .This rescarch will provideﬁ_

. sound technical basis for\assessin; the benefits and cost of
proposed, as wgll as existing, govarament regulations.

4 .
ihat areé the factors confollsng cogmitive development? For

example, ! w can the large nunber of cocponent processes invalved &
X

'n reading and understanding a paragraph be cheracterized? Rescarch
on this question should provide new knowledge onthe pi0cesses -
involved in reading and comprehending text. Such work is wmpor - -
¢ tant 1n providing a basis for improving the techniques for teaching
¢+ people to read and comprehend. .
f a
what are the rechanisms respons\ﬁ]e for sensoryssignal processing,
neural merbrane phenomena, and distingt chemcal operations of
‘nerve Junctions® Research in these aregs will extcnd knowledge .
of perception, behavior, and the chemical functioning of the nesvous
system, . . :

N v

whatrare the factors -- social, économic, polutical, and cultyral --

which zovern' population growth? High pdpulation grewth rates an

the deeloping countries mpos& an econoic burdén which too often

excesd thdngains mbde by development. Social and biomedica) -~

- T choon Safe, efficacious, and culturally acceptable contia-
ceptinés vould toeréfore be of great benefit.

a4




Bioloay and Hicrobiolbgy .

. / .
Can we discover-gntizviral agents to combat viral diseases?
The developnent of such drugs woisld have as large an effect ~— N
on mankind as did the discovery of aptibiotics, -

What are the mechinisms by which cells repair damage to their

genetic material? This information will provide a better .
understanding of how the cells mimmize mutations as 3 regult

of normal and imposed environmental stress. D . .

How do cells change during growth and development? Advances
ind understanding in this area should provide insights into
. the development of cell specializdtion and, perhaps, the aging
process. . .

. What are the molecular mechanisms by which genes are regulated
to produce specialized products, angd what new in rmation s
required to exploit the new DNA recombinant technolegy? This
work may lead to improved knowledge of gene action.\ s
F
A

Can microbiological research develop organisms which can convert
crude organic materials, such as comnon cellulose, into livestock
feed? Theability to convert comaon cellulose to feed-stock
would signifiXantly incresse the availabilaty of high-grade ,
animal protein human consumption. ° \ ’ .
h . » L}
® .

> ~ -y
What predisposing facrqrs govern cellular differentiation and functi
in plants and animals? ccessful research directed tovards this -
question can provide an understinding in plants of factors responsi- ]
ble for drought toterance e,nqﬂ inter hardiness andsin animyls the’ .
machanisms govarming the davelopment of fat and leen tissve. &

-

! - What are the mechanisms by which horadnal substances regulate grosth .
and.reproduction in plants and animals? Ndnswers to this vital_ ques - R
tion could help solve many perplexing problems, e.g., conception

&

and embryonic mortality in animals and contrd] of post-harvest ° N
: N Ripening of fruits and vegetables. f
= In our e(.’o~system affecting man and amimals, howJo microorganisms

gain resistance to antimicrobial drugs &nd what m éhamsms affect
the maintenance and transfer of such resistance? Research to provide
an undersianding of bacterial resistance to drugh used in their
control is_essential for the protection of human and\animal health.

i . A ‘ | ) \&" J
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, What are machanisns withintbody cells phich provide immunity \

to disease? Research Bn how cell -medidted imunity engthens -
and relates to other known mechanlsms s needed more adequately .

protect humans and Bnimals from disease. - E

hY

Hew can genetic iqprovemente of crops for 1mp?oved performance
under stress conditions be accelerated? Research is needed to
identify, more rapidly, useful gene sources for increas ing
photosynthetic efficiency amd resistance . to environmental

ress,
stres N

. 8
What are the\y\:\ica! and biochemical factors associated with

secendary canbid_differentiation? The secondary cambium of a

tree divides to fort identical cells which are capable of becoming.
erther phloem or xylem cells. 3tudies at the MHorth Central *
Experiment Station are directed toward identifyimg the physical .
factors and birochemical signals which direct cambial development .
and differentiation. Such information w11l provide essential
. clues on the formation of wood.

P

P .
" Howican utilization of the forest résource be enhanced through . .
manipulations at the level of the plant cell, and through single-cell

biodegradation? Tree cells can be stimulated to produce oleoresins,

natural brocrdes, sppcific cdrbohydrates, and drganic acids.,

Cell meorphology such as fiber length cQn be altered to affect paper
° properfies. Singlekcell protein, hydrBcarbons,-acids, vitamins,

sterotds, and alcohols can be produced through biodegradation ’

of tree components, v

.
Can the microbrology of the gastrointestinal tract of man and amimals
be contreolled? Reszarch on thys «important question 1s needed to
pnderstand the contribution of microbial activity to general heaith
and 1ts 7ffect upon nytrient utilization. )

) What are the quantitative differences between minimun human
requirements for nutrients and those amounts needed for optimum
physical, behavioral and mental functions? Research in this area
will contribute to the attainment of maximum physical fitness
and § longer, imore vigorous, productive life.
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Chegpsery and Broche,

& . N

Combustion 1s o}fdeY tgan recorded history, yet it is poorly
understood in §Eient ¥ic terms. It is important that better
understanding achfeved for all aspects of combustion, in
order that oup¥fossi fuels can be used with maximun efficiency
and minimun a%ersegmpact on the environment.

To what extedl can Jaser-induced cChemistry be used as a practical,
Jsynthetic to 1 Research in this area could lead to processes
for preparin§ pure Jproducts with a low energy input and low
env1ronment} Asidef’effects..

For many apg]icat{ons. solar energy is impractical because sunshine
15 intermif¥ent, And energy storage is wasteful and expensive.
Basic resefrch is needed to develop ways in which sunlight can
produce stirableffuels. “One possibility is toTmumc but improve
on photosfthetie processess with emphasis on increased efficiency
and produgts swmpler than carbohydrates. Another approach is the
use of sufilight to promote reections which decompose water to
hydrogen Mnd oxygen. ‘
K A
" The tiqufifaction of coal is currently done by converting the complex
coal strdicturel to simple molecules, then re-combining these into ap-
propriat) fue'l,%. The process is capital intensive and energy
wastefuf. ReSearch is nteded on means to transform the coal into
useful Hiquid'fuels by a more divect route. This wil], involve .
much grieater fnsight 1ato the structure of coal and its reactions %
duzfnggthe transformation process. :

How dolcatalysts work? Research on this question can lead to more
aconomical ways to produce hydrogen and to convert coal to useful
1iquids and gases.
Hhat és the chemical basis of life? Where and how gid it originate?
Js a Farboncbased chemistry a prerequisite for life? Does gravity
p]ay:a sigifficant role in the development and maintenance of life?

Can ;imph: hemical reactions be discovered that will generate
visible radiation? .The results of research on tm:s question may
. lead’ to pexpensive lasers for communication and industrial uses.

Can new homogeneous catalysts be prepared that will catalyze
chemical processes important to the chemical industry? Research in
thi¢ 4veaicould make 1t possible to make specific molecules needed
in {ndustrial processing techniques with minimum energy expenditure
and withoit the credtion of unnantedimolecules that may pollute the ~
environment.
H . ~
Ho}w‘do enzymes work? This research should help discover how €nZzymes
" selectivaly catalyze and control the chemical reactions carried
oyt by Yving systems. The results of this research should extend
kqow]edge on how to__iynthesize molecules in.diving.cells.

Hllnt mechanisas of herbicidal action, at the callular Jevel, -
art-responsible for weed-killing effectiveness? Understanding
these mec s is essenural to ioproviag technologies for
reducing the $6 billion ar a3l crop losses caused by weeds,

1

To what degree can conventignal cffical pesticides be replaced
by novel chemicals such as pheromones and ‘nsect growth regulators
for forest insect pest suppression? Developmer & of such chemicals
would profide means of protecting the timber resource with minimal
adverse environmental effects. ‘

w
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arth, Oceans and Atmospheric Sciences .

At what rate w{ll atrospheric carbon dioxide concentrations -
increase as a result of increased use of fossil fyels? What

effect will ingreasing carbon dioxide levels have gn climate? . -
How will this change the global social, economic' and political
structure? How might the Nmpact be ameliorated? > :

Can a’predictive capability be developed regarding geochemical
transport processes in the accessible regions of the earth's

crust? Successful research directed toward this question would °

have major impact on expansion of the Nation's resourte base, and ,
would be of vital importance in resolving waste (nuclear and
non-nuclear) problems.

'

+ ‘Hhat is the nature of climate? wWhat are the processes that
control chimate? How far into the future can you predict it?
Is our climate warming or coolwng? How far wn-advance can you

predict-weather, climate? Is there a relationship between chmats ¢
. . olar activity and, if so, what is the physical connection? "=

s Hhat.are tr}e pﬁys\cal pro¢esses that govern climate? Greater
understanding of climate could avd in the predictron of.clmate .
changes and allow time %or measures to offset their impact.

-
\ “To.%hat extent is the stratospheric ozone affected bg contamination
of long-Tived, pan-made chemicals? The results of this research
are Important to man's survival and to the future of major industries.
A

iWhat isc the petroleum potential of the continental stopes and the

adjacent ocean fl1o9r beneath deeper waters? This work s helping

o . to 1dentify the resource potential of the ocen's fioor beyond « «
. “the 0CS. '

- N . .
. . v How do Grganysms in the deep sea influence the productivity of
. the dcean? How will they react to sea floor duhping and mining
activit1as?® Answers to these questions wall aid in-assessmg the
'\ future of the ocean as an important food source and should also ‘ .
provide’ basal{ne data on contamination of the sea.
.

an research into the processes by which mineral deposits were--

formed 10 the earth's crust be sufficiently aided by deep ocean

s floor “investigations so that mineral resQurces can be more efi-

- 7 cently located on land or sea-bed? Resdarch which would “improve -

y ) the success-rate of exploratory efforts could be of ‘considerable
S /. advantage. - . - .

. . -Hhatrimproveqent,in understanding of oceanic and atmospheric

. effects on climate can be gained by increased use of sophisticated: .

i technology, such as sateilites, in observing air/sea inceract¥ons?
Air/sea mteraction.is particularly important in pursuing® the °

. promise of regional seasonal climate prediction and in determining

N - the role of the ocean as the major abso-uer of atmospheric ca:bon .

dioxide (with wmplications for the fossil-fuel energy future).

: What physieal processes govern the intéraction between high energy

\ plu{geland the.ambient atmosphera? Research i* this 3183 is needed
- . to improvelair pollution models and forest fire forsrasts. v .
. . . o : . \
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- Economics o .,

< - .
| . is the economic-and techaical potential for saving energy
¥ he processing-and-markatisg of agricultural corpodities? -
¢ . T -
¥ are the potentials for per capita energy” saving and improved -
) . els of 1fving for alternatjve sizes and population densities

y of communities in the United States? - .. ! -

Pespite continued long-term real economic growth in the United
States, why are many rural areas chronically depressed?
, WRat changes in po‘lécy at the Federal, state and local level
C3n be designed to increase job opportunities in rural areas?
- A team research.approach could providg a guide for changes in
policy and more effective use of rural development funds.

‘hat are the s.%:fts on farm income and consumer prices of enz —— "
vironmental rules_that pertain to fasming? What environmental -
‘ Y benefits result frem such restrictions on farmers? ) et

what is the potentia‘l\fox: microbial production of useful complex
rganic compounds includiny, food products? Economic microbial - )

= prozesses for producing many Ompiex orgamic chemicals from waste P

produsts appear feasible. > - /,//“‘f\/(
. -

Uhat are the fndividual and cumulatyye fmpacts of public domestic — N\
feeding progiams on recipients and t ration’s eccromy? The . o

annual Tevel olwcurrent Federal programs is more tnan $7 biliion. o

*&%:search Wil facilitate analysis of alternative policy ,
progoyeis. AN . [

) . N - —_ s

tiow and how much is the instability of food and fiber product
prices accelerating wage-price inflation and so handicapping real
‘ national economic growth? Yhat ga\"ns in real economic growth
would result from alterntive price Stabrlizing nachamisms ?
- What are the distributional effects of alternative economic gains

and losses? , e~

Since the productfon time frame for tisber 3s fuch longer than
. for most agricultural crops, the econcmic Consequences from tra
. policies in twaber products may not be full ecades. N
“\Better economic methodologigs are or assessing the gross N
national product, social welfare, and capital formation inde- %

veloping countries.
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. - Eavironmental and £cological Sciences

3 Can specific bioprocessing 21e.t/ho e designed for removing
L and degrading toxic pollutants in industrial, process and waste

o water? The benefit 1d be reduction of Such agents, i ous

gases, productiorf of chemical feed stock, and impro nt of water 4

qualit, -

- - ~
that aje the\ultim ying capacities of the terrestrial . -

- biosphgre? R - T y

~ That ecological factors and 1ife-cycle phenomena 7 insect ¢ c e

- dispersion and population explosions? Resear n this question/ : o "
can lead. to t-= development of innovativ Tt managezent- tech-

nology to suj ement current. biotogicaty cuttural, and chemical >

control -meash. ss. . N e
To what exfent does nitreSen—use Ta agriculture affect [ /

’ - layer and what are 2@ costs and 2avi ot Téduced
nitrogen appli 2 f T ]
tion_and dry i

—

~dhat | e chemical compogition of previpita
lateAatter and how does 1t vary with segson-. Tton?
111 provide basehmedita for—atmospheric Tnpu

< nutrient cyeling~3ad can rélate to both point and nons
.of air pollution. uile

el - . .

: M What factors influence. susceptibits of harvested plant énd aﬁwﬁ =
. groducts to post-harvest Tosses? = TSuch

~ Josses represent 30 to 50 per

promote development of the tech Fequired-
and protect against losses frWe’nts agd insects.™
. -

How can the environnentil stress toteran
grasslands be improved?
h oridt . v
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.
To whit extent can the occucrences™a natural hazards §uch as
fire, floed, carthquake, and pestilendnbe forescen suff
s, in advance to pesmit_mitigation of thei fe
of prediction and of mt g 1
but for each. rese

e
~STe the economic, technical, and public heg

h-pacts- S —

trlcnng antibriotics and ot.her add in az’%al;ﬁm&?’
Zhdverse impacts may more thangffset direct bese of feed /- .
B o - . -

additive bans.

To what extent are agricultural chemcals‘tra-‘smtted o _t
Ration's vatermays and what aré the most codt-
redscing tyis poilutron? /

_‘ . B .
How will feoclimatic change/from Increasifig ‘carbon dioxide, .-
levels add particulate loadf in the atmosphere impact agr}ctfgtural

/ ™~ productiwity? Research is/needed to deternine t )mﬂuenc’f of
. such chapges on temperaturg, rainfall and),t.hef ariables | -
a /

A - that cogld 51gmf|cant1y i luenc Ultyral /
dy{feras) regwons. . - -/
~Hattacdors masy 1nflienc gs and-so” relate /o -

N to hemen Jhealth? Researc 1s jiestion is nopded -

. prior tofpublyc nutrition Sutth »resedrch coulé==fdire =
enadle rdduced hgalth = = -

- —r
. - s
that ar .AEfwgnlc potentyals— rrding food _prod e .
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Physics«nd Biophysics

8 Can materials be found that exhibit supcrcondgczivity at room
rtant to

temperature? Such a discavery wopld be extredely im? P
. + our energy needs as well as revoxutionize. all technology using- .2 > N i ]
electrical energy. 3 © -~ . ;

~ T e

Are there fundamental buﬂdi‘n'g locks in nature? Some recent - .
advances have been made which M that even the sbbnuclear . \

“particles” are hot fundimental apd riher research is fdecessary e
to uncover the secrets of ¢he nu$eus. - .

. T M - ‘/ _ . -~ , f
How can considerations of second flaw efficiencies be incorporated - T,
into energy strategies? €nergy should be valued not by its amount ‘.
alone, but also by its thermpdendnic quality. A significant .
resssessnent of energy econcmics may be in order. | . i

. o

-

. How are the fundamental forcks of\ ature related? Four type
. are currently known; nuclear (strong), electromagnetic, 77\
radicactive (weak) and gravitational. A deep connection wis

réceatly discovered between the weak force and electro-

magnetism. Are the weak, the strong, and electromagnetic

forces aspects of a single undeclying force? Is it possible

to include the gravitatfonal forc Is there just one kind - .
of elementary particle and one importagt force?

|

Does an /island of stability™ beyond the currant periodic table or l
. “abnormpl™ states of nbclear matter exist? The g%&e‘cuhtions can

be\tested and if found could have important conseqUences for nuclear : ‘

|

|

1

|

?energy production,

‘What’ ik the nature of gravity? Are there gravity taves, }‘nd if they_ﬁ s
exist, how do they propagate and at what velocity? ,

What s the nature of matter? thy is matter and charge quantized?

re the limits for communications use of the channe} capacity

PN n the visible spectrum? Progress in this area could signifrcantly
eXparld the-capacity of optical communication systems, and since

e - thesg systems usé glass fibers 1nstead of copper, their use™ would .

result in tremandous monetary and resource sevings. .

rowave technology or other alternative sources of energy be
safely\and effectively used to process and preserve food? Food :
processiyg and preservation account for nearly 5% of the n‘atiog's ‘
consumptign of fossil enérgy, Rescirch could provide alternative . .

. less Costly energy sources and mathodology.
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r: Fuqua. Thank you very much, Dr. Press,-for a very ambi-. ‘ RN
d well-thought-out program. I think in the inte toof time =
iminate any dh%lication/éf questions it may be appropriate_-~
to hear from-you new, Dr. Stever, and I think many of the ques- ~~._
tions may ,appropriately be asked of both of you. So welcome back
. again this week. You are ing to be a residént witness. .
" . Dr Guy Stever is chairman e Assembly of Engineering of
the National Research Council and cience adviser to Presi-
dent Ford. : /
a

N
l

Dr. Stever, we ake happy to have you

s a former direct\or of the
. National Science Foundation. >

S~

[

. ‘. | b \
~ STATEMENT OF DR. H. GUYFORD ST VER, CHAIRMAN, ASSEM- T
BLY OF ENGINEERING, NATIONAL RESEARCH COUNCIL, AND
» FORMER SCIENCE ADVISOR TO PRESIDENT GERALD R. FORD

Dr. STeVER. It i§ a pleasure to be helre. You know we scientists
and ‘engineers like to‘be quantitative labout ‘things and measure
things and we finally discovered that ja congressional hearing is
three science advisers long. You could Have selected moge.

Mr. Chairman, in the interest of timg, to get to your questions, I
am going to follow my prepared testimany, but I will leap quite a
blt. I; a . : ’
ose of Dp. Keyworth, Dr.
the recofd in their entire-

. TEVER. Thank you. I want to join Dr. Préss in those agree-
ments|that he made with Dr. Keyworth. I think thesg are very
strong] points of agreement among us, and I am very plez at
Dr. Press made.them. I think the Nation’s R. & D. structure is a N
good gtructure. But we are concerned w th the magnitude of that

- structhire rather than with the structure |tself.

Thef national R. & D. system has servell us well in the past, pro-
ducing the innovations that were necess ry to improve our health, .
our standard of living, and our defenge. It.is not a centrally
planngd effort, though it is carefully observed and studied both-

d abroad. It results fromt‘ta myriad of] separate consider-

ations ‘and decisions by many . ihdustrial companies, large and
small; by Government depattmen and agencies; and by Congress-

land Presidential’ administrations. It has been hammered into
shap&over the decades since World War II. \d

Several distinguished leaders of research an | development in
centrally plal:_l'%d\sr\%gmies overseas have told me from time to ,
time that we needed more_centralized planning and control in our
R. & D. structure, to accom Schd:he increasing complexity and
interdependence of .l the mattersthat R. & D: affects. With that I
do not agree. I have always considered luralistic R. & D. pro-
gram of the United States as one of our g??a?sﬁ:e&ths. It has en-
abled us to explore newly developing fields of science, to%%pitalize
quickly on discoveries and innovations, and to bri g new .ideas.into .
the market. It uses the initiatives and strengths of many, many~._
minds approaching problems from different points of view, taking
from those mindq the best that they have to offer. Individual initia- -

i ‘ 4/‘;’
. i

92-795 O--¥2—~-—8




‘\\\ - , . 7 .
\\' } . ) *
Ll : | 110 : :

.. , \
X A ~
xs wteat ifled as His Wwhere control is exented completely from
theod ™. N
On -n her hiand, the Subjoct dfyour heatlings today may pin-
point one p resses ofour detentralifed R. & D program -
LCentrally planned -*u-- often plan Yer_o- and 1Q-year pro-
o grams. and they bu h’*‘-‘ em. A weakness pfour R. & D. budg-
~~_ \ting 1n the past has been thiatxexpenditures rise~and fa}} with

ort-term economic and political cydigsxthe economic™e es_EOn-
and the pelitical®
™~

trol inputs of funds from the privategedto
cycles conteol funding from Federal sources_ .
ing 1

Xl don't advocate sticking to programs or narre

. \p rivds 1?5% ove ineffective. | do adyocate™n -

< ‘tanteld of science and_technology_and carrying thyeugh on ™
~-_"~ them, shifingfrom project to ject as}ecgssaryi e -

~Z_In our résgaxsh and developmen stkuct.:&uré, ﬁ[‘i‘e{r&ée rchand

« de ment he <On<dntrated in priva Comépgéni\ecsi, hi¢ know._ "
. . their businesses nd custosiprs and can manage the velopment of 0
~ -~ successful i e@g,{c()\accongmhe economic thh&b&}:sh\léss S
~~ world. Government-ac{ians can greabiy ist industrial R & DBy ~
'~.~creating-q_climate that>gnables_ industhy make profits~and to

est thuse profits in the kpplied regearch aiddevelopment neves:
{\%\&g upgrade industrial protedses and produce es products Y
ing_about the last decade and™a it has hecor ar that ™

ota] competition in indu arRets_is increas ry

-—

NN

rrap ‘eﬁyears we have Bxplgredzthis problem of cd ,

..y tion. 10 private_and pulic forums. On t e\ss\E\t‘fxg\m Ve been

- industrialists, 10 s, government adm Mtors, e@ﬁ S_of_
\ ‘Congress, .educators, - eers; economists, lawyersyScientists, -2

ers, labor leaders, eftal- 3
o) e_réSult, in oﬁ? ! fo\\\ BN
uch better understanding

t Qb\ reate a finaniaicli-

i \aitelyworsehed

I~ Txqyentors,entrepreneursingon
et taxpayers, and, stoc
N lorges -ale efforts such as R.
N ol the-igies-and, at last, a rene
- winte_favo able 1o innovation.. Th
Dh\lﬁ N 9T0°sT - NN
s ngw, haweyer, are b ing rewritten to ® 1 X
-term gainsiather than ordinary income ;T -

ate_canh be established, and t-inflation can be™

it bt reeﬁﬂ% enormous block T Tongterm

a¥e.a cha a%ing once again the reséaréh.
X he ‘Q

try to get the gpw‘jlr\()cessésl Sl

h‘%}t?ﬁe ational tog: O
rily by i i

ion andX
climatey, has_pulle em
4r\; and long-term gains in

¥ qving toward~a better bal- ‘

O~Play here, pot only il cxéati{lng ‘ |

beatingsafiation And it“has ah-

eling of uNResE]ty research and - .«

e {idtg and engihexgwhg conceive
anthyanagers WRgundersighd-, 1

nd apply Thyse ideas
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ernment. When foreign leaders tell us what our technological
strengths are, they pick aircraft, they pick pharmaceuticals and
health, they pick agriculture products, and they pick computers.
The first three of those have been and remain primary places for
the irtvestment of Government R. & D. funds; in the last one, com-
puters, the government invested in the early stages and provided
an immense market. So let us not say broadly that our Govern-
ment R & D investments have been bad ones. We have 6 remem- ‘
ber our past success and where we are winning at the present time.

It is my thesis that the total government support of research and
development is already too low; a further reduction will constitute
another blow to this important sector.

. With respect to our international competition, though we once
led all developed countries in the number of R. & D. scientists and
engineers as a proportion of the labor force, with about 65 per
10,000 employees in 1967, this proportion dropped steadily until
about 1974, when it reached a value more like 55. Since 1975 we
havg 6i'x;creased this number slightly, but it s still lower than it was
in 1967. .

In the Soviet Union the number of R. & D. scientists and engi-

- neers per 10,000 members of the labor force was well below the

US value in 1967 but has climbed steadily since. Some estimates

place the current value of this index in the Soviet Union at about

80, which is well above the U.S. level. Soviet colleagues-will say -

-—- -~ that.thatisalittle high, but. they still admit that they have more

science dt*chnology workers, R. & D. workers than in the

United States. -

The numbers for We\st Germany and Japan have also_climbed,
steadily and are approaching our_level. If cne-subtracted the npum-
bers of scientists and-engineers involved in_military R-& D,

h Japan and West Germany do very little, one_would find that -

both hye_more scien @n\d engineers per; 10,000 members of the . .-

labor fordethan we do. ) ~ T
The fundi our national'R. & D. effort hasbeen shared over N
the years by the non-Federal settar—maiply .inddStcy—and the
™~ _ Federal Governmen er since 196%, some—and I @am_among _ - -
" them—have shown a stvong desire to redude_thé Federal Rag D.
™~ finding load and increase the pn-Federal ToaghThat in fact has -
™~ > steadilyoccurred. In 3967 industey supported le n_40 percen
~ S ofall R°&D’in the cduntry, and theEederal Governmen support-
SN ; < SRR N
NN as a resu)t jof steady change oVexr the intervening M4 T = .
; garnm t, provides 47 perteqt of th’eng ion’s ™S~
»with 29 pefcent coming from indudtry. If reducing =

h
the Federal responsibility”in this area is our objective;ge are ac->
complishing Ve h

However, anyone who thinks that such a change can bekc -
‘plished rapidly dogs’not Understand the dynamits of the researchx
and developme syskm. Tt takes 'ns@fflitio\ns like industry a long =
time to buildgreater sfrength Nin reéeagrzﬁ* and development by Ny
¢ adding fagjlifies, equipmeht,and personinel. It takes universities @ -
ong Lipr€ to produce scientists and enigineers to_do the research
and-dévelopment. It takes fundiﬁg%geg ies~a _long time to.3djust as
- —~Well Personally, I am in favor of incr\gs'Qg th

. \ X )\)’ 5 ‘\\ \
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\ } N
D funding from private sources, But T believe that trend must be a,

“ slow, steady trend, as it has beer over the past 14 years.

In summary, I think that over the past decade and a half we
hawe neglected our research and development in comparison with
“ vur commercial competitors and our military adversaries. I think
also that we have failed to establish the necessary climate for inno-
vation in using the results of research and. development, with a
consequent reduction in the numbers of innovations the United
States has produced compared to the rest of the world. Frankly, I
think now we should be talking not about weakening our R.
resources, but rather about some long-term plans to insure thelr
stable and strong support. ' -

Thank you, Mr. Chairman. ’ * ‘

{The prepared statement of Dr. Stever follows:]

e

o
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STATEMENT oF DR H GUYFORD STEVER, CHAIRMAN Assm\am.y.or Encmsmmc,‘
NATIONAL Rmmn}; COUNCIL .
&
Mr. Chairman, members of the committeé: -Thank .&op for the oﬁp‘grtunity to
- . 7

testify today on "U.3. Science and Tech:{olo;y under }udget Stress.

° . .

i LA K
t is generally recognxzed throughout the worldi th\ltlonll helﬁh N

ecol onxc well-being, lnd defense d‘epené ltrongly on lcxence ind techna&bgy.
i

Stnrnn from a good base following.World War Iy the United States has bu;lt :

. .

a ltrong te/selrch .and development program thh many competent people vorkxng B

,
]
in vell-equxpped institutions on projects aimed at meenng the broad lp%m . -

- N

of gur nation's needs., That progran hl)‘g been the envy of other countriea,

N

both developed and developing, and has served as a model for many national :

+

s
research and development pro/g:/lms- This effo;t has long been cénsidered one

of our American :ttong points in ensur;.n‘gfbafﬁ economc progress and defensg.

. o .
» "~,‘ . . x’- .
N ‘ .
A ] A

Befote comennng on the mpnct of budget :trem on thu progranm, lct e
gx've a 1981 -napshot of that renearch and d.evelopment prognm. R&D in tl;u .
// country is\a big bunneu' almoat $70 bxllxon this year. The United States N

spends almost on‘zpﬁ}rd of the world' 8 R&D funds. About 47 percent of these*
< " s\ N Q K]

funds come from the federal government, and ‘49 percent ‘from industry;

.

1] «
~ .
each.

- - v
G \

. . . . . . . . \‘
universities and nopprofit organizations--mostly foundations--supply % ;:Je‘:ceﬁl’
x

‘ -
/’/ .' “ Q
. Private industry is overwhe\min;ly the nation'n biggest performer Jof RsD, -

uaing its own funds and h.lf of tl\e government 's R&D fu/ndl; government - °
"It i

vl,bontonel lpend any 13 percent of the total, pr.ctlcllly all from
Tty

L)
S

. % government tqurcel. Universities spend 9 percent of the fum:h, again mnnly L - 3
o - .‘N\

from the gov;i'h’ment; that 9 percent includes 3 percent for the federally - M

funded reacarch and development centera (FFRDC'a) adoiniatered by the
; \

. §
' 4 g ‘u\u,; N - 4
T 4-
.
» . »
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universities for the government (lsborstories such ai los Alamos of the

Unsversity of California, working in nuclesr vcnpons: the Jet Propulsion

.
Draper Laboratories of MIT, working in guidance and control). Nomprofit

laboratories, such as the Stanford Research Institute, perform 3 percent
the work. .

g 4 x x x

The charscter of gur work is divided smong basic research, spplied

> . research, and development in portions of 13, 2%, and 65 bercent,
’

v ’
avong these three categories of R&D, our balance appears sbout right

considering the average amounts. of the three categories that go into 81
o

- N » I ] x
innovations, large and small, (Of course, from innovation to innovation there

is great variation in the percentages, but this is a, -d average.)

; . P . : . . .
About one-quarter of the nation’s 2.8 million acientiats and engineers

are employed in research and development. Th:uc 670,000 R&D scientiasta snd
.
engineers sre divided among government (10 percent); induatry (71 percent);

N
universities, including the FFADC's (12 percent); and nonprofita (4 percent).

" . N
. i '

¥  Those, then are the dimensions of the nation's R&D strusture. I think it )

ia a good structure. ih has aerved us well in the past, prgducing the

innov-tio"u that vere,necesaary to improve our health, our atandard of living, ;

and our dc;\‘fen-c. It is not s centrally planned effort, though it ia c-r;fully

observed and studied both P:ere and sbroad. It results from 8 myriad of

separates consideratipna and decisions by many industrial companies, 1-;';c and

swall, by government d-p-rtme.r:u’-nd agencies, and by co:u;}eueﬁ qd .
\ .

\’\ 5
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Presidential adninistrations. It has been hammered into shape over the

&

decades gince World War I,
s AN ‘ .
- 13

. . .
Several distinguished leaders of research and development in cen&rlliy

planned econonies overseas have told me from time to Qtime that we needed more

. &

centralized planning and controd in our R&D structure, to lcComodlte the

increasing complexity lnd interdependence of all the matters that RGD .
¥ A -
lffects. With that I do not agree., I’ have llvly$ consxdered the pluulutxc

R&D progran of the United States as one of our great ltrengths. I still do.

It has enubled us to explore newly develop)ng fields of
]

quickly on discoveries and

place. It uses the initiative and strength of mun',?’mlny ninds appfoaching

our problems froum different/pdintr of view, taking' from those minds the best

A

that they have to offer.  Individual ir:}tiltiVe & not stifled as it is where

control is exerted from the top:

A .

On the ofher hand, the subject of your Hearings today may pinpoint one of

-~

. the weaknesses of our decentrllized R&D program. Centrally planned economies

often plln for five lnd ten yelr programs, ard ti’:ey budget for them. A

weakness of our R&D budget xng in the pullt}hha éeen' that expenditures Pise and

;'\il with short-tegm economic and political cdycles; the economic eycles
..‘control the inputs of fundp from the private [sector, and thd political cycles

, .
control funding from federal sources.

N o4
Host basic research in the physical, biqlogical, and medjcal aciences is
. e v
‘.
performed in universities.

.

-

y ‘been steeped in creative thinking. That very xmportlnt;udvlntuge of our

.. * ~ ‘

|
b
/

ERI
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lc}ence,\ to capitalize

nnovations, and to bring new ideas into the market

| , .
As one COﬂlequen'-‘ie. we turn out ?‘udultel who have
a

v
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'
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~ !
to th: stmosphere of university gesearch miss something very important 1in

!
structure, for gnduate? 1n sc1ence and ,engineering who hsve not'been exposeq
" ~ .
1
Our university research is high in quality; U.S. citizens
! In the

ihg

their education.
have received about half the Nobel prizes in. science since 1930.
umiversities, we have performed the fundamental acientific research underlyi

the solid stéte in computers, nuclear power, genetic englneering, antibioti]
)

13

i

scilenti1fic 1nstruments, and many other big business fields of today.

-

4
Receiving most of thhir research funds from federal sources, the
+

universities are the most sensitive of our R&D structure's elements to cha
There is & long-term

in federal funding, both long-term and short-term.
universities in the United States were the gnvy of
Their equ iliti

three decades ago)

1
universities.elsevhere in the world.

long-term decline, beginning in about 1971

f«
!
vel, and most’of that has been used for program 4xpenses rather than
. . .
uipment and facilities. Tpday, our universitiea lare not well equipped or
3 well aupplied with facilities to do the research )obs before them.
. .
O 1
drop in funds for univtru:y research will add to
suffer. Alfeady

Any proposed short-t

the effecar.l of the lon;-:em drop, l'pd programs wil
Q&retlm talgnted yOuns'

&

umverutxel are fmdmg it dxfficuI: to attract an
profeuon, \(houe salariea are lqﬂer, anhd uhoc; resedrch opporfunitiea are

Q
- ERIC .
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' e
narrower, than they would be ln'xndustry. This shortage of funds spills over
‘ to students; fhey have more difficulty getting thesis research support, .
graduate fellovgbxp:, and lcholfrshipl. They also sense the féveﬂing of
morale ig,uﬁjveriity research, and they are quick to read signs that they may

'

e : -
§5,¢hterxn; fields where opportunities are not as great as'they once were. L
. N .

- . .

P ——— . - . .

There is another influence\ f changing funding levéls* for universities.
Our systen has developed a weakness over recent decades as & result of the
increasing proportion of federal funds in research support for dniversitizs— — ——
and the Corresponding decline in industrial funding of university research.

. This concehtrntion\of funding in the federal government has fb:used r;;enrth~
in the universities on ;o;eénment missions~-defense, health, weather, climate, .
lp%fe, and so on~-nndélvly from(th0|e lcience: and technologies that help
industry d6velo; their manufagturing procellel.’nd the technology for

. L 3
efficient production. It has also lessened the interest of graduates in going
Al .

into industry from the Universities to work on-the ignovations needed for an”
expanding and competitive economy. This shift of emphasis in universities,

awvay from industrial needs and toward those of government, has.been noted; 1n .

recent years there have been many attempts to counter the shift, includigg

-
v industry efforts to get closer to the universities and support more research
1 o
and federal programs to put some government R&D fundq,into strengthening

—
university-industry ties. Many of these attempts will be affected by the .

N '

short-term tightening of federal research funding.

; ' “

In out research and development structure, nﬁplieé research and
development are concentrated in private companies, which know their businesses

and customers and can manage the development of successful ideas, so as to
. J

El{lc S -3 T
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1ons gres tly

accomngdste the\fconomca o\f\dg\guuneas uorld. Government ac;
e -

ffectlindusteial R prognms. by hru\mg s climate that, enasblles industry to

S NP . T

. u; v#'he mportlnce o‘—m«ﬁfﬁ.ﬁ(ln 2 pspe ~e‘nntlm‘)' "Tlxltion, Research and
—— ’

i Deve'f;;nt. 'y He unt% “‘[o ay's nve.stnen; in. reulrch and 1nnova£m\’ \nll

»

hel‘p forge tomorrov €50t Indcf(ul mnovat;on is at
T th‘—emm bej(g/of»’ﬂ'\’e United States and isa major

J» contributor to econonf grou/th.' Innovation influe a/m'ﬁxon lnpl/

g o _
_ . conpany=—ob he-&nmcrﬂ“b‘rck xnﬂm

Y

. N e e
. , research and develoggentk Inve"t'ment prw iauhnea not only for the

. S R T —
actual reaearch work, bn:.;lao-fo” the plsants and toola to transform the
¢ -
L innova'tive idess to a marketsble product., And it ia investment through
¢ ~

- — ‘——af‘u—cn‘x\in which ¢quips individusla with the knowledge and akill to engsge in

R&D work." ™ [, ¥
During lboLt the laatidecsde and s hslf, it has become increasingly cléar
@ ) ' -

that international.competitic;n in industrisl markets is increuing very

rapidly, Some of the ?ffecta n-e very clear:-.qur marketplacel are filled uxth

forei;;x—mde p-oducu, aom/n of our moat basic’/induatries have heen devuuted

or badly damagt
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Industrial leadérg Have alre recognized that the na:ionaf" ! ] /_:,/—'“"'7
Lrtiy

- »
N conc‘er;cr_agon on shvrt-tev(gains, brought © = paxtly by mflanon and

' by an)n‘f{voub'le investment climate, has, pull frén g,p;op’*r ‘

.. - > ‘
R QﬂWeen Ahort- and long~tem yxns in their capytal invemssients, h ~ |
. S / ’/ -

A g - o \

. "are mvxﬁ SUATE—a-b r balanée- ng::me!ft/’,ﬁ;d big role to play _

. o - - < .

- - . . . p—l

o not onl 1n or nftf: 5 onareTT. DT 3 —

4 anocher role,,vhxch is to ensure.the—strengehening =",
T . e T e = > T
N -research and education, which produces. the sctrReistsdad engineer 3 who T 7

o oreERs A > = ‘
p~ . N e F T 7 |
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Toducts and processes,
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63 per’tO’OﬁE}-ployeu in 1967. tfffa oportion dropped ateadl

[ J—
1974, when it reached s vtlpe wore like 55. S¥we 1975 vel ;a\(e incr -~

— e,

number slightly, but it is aul%r than it.vas in 6. \In the Soviet .-

i Unién the number of R&D acientiasta thﬁw:ﬁ pe/r’lo 000 medbarIQf the "
i abug

~ -~

- s
_labor force was well below the U.S. v 67 but haa clmbed atdQB{}

N
since. Some estimates place the current valuteo thiwjndex in ;the So
Union st about’80, which is well abg 0-Ts levell™ ~w@

R ——
Gernany and Japan have 70 clinbed ateadily 4nd are spprofching our

If one subtracted e numbers of acxentuu am!/n;meen involved xx\ L
/ ReD, of vhxch J pan snd Weat Ge y do very h:tle, one would find thtt bo‘th\

have /more tcx;ntuts engineers per 10 000 members of :he lsbor foxce than
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Mr Fuqua. Thank you very muéh, Dr. Stever for a very excel-
lent statement. Dr Press, if you would rejoin us. We will start the
questioning with thé members who were not able to question Dr. /
Keyworth, and we will begin with Mr. Ertel. /

Mr. ErtEL. Thank you, Mr. Chairman. .

Gentlemen, the science adviser for the present President, Dr.
Keyworth, hds indicated that we need to increase the quality of in-
strumentation in the research laboratories of the United States,
specifically in the universities. To show how he equates increased
instrumentation in those laboratories with an economic recovery
package, he believes that soméhow we are going to get greater do-
nations to these universitief for instrumentation by the private
sector. 4 - .

I don’t share that view. Maybe we will get some increase, but I
don’t think it is going to s¢rve the entire purpose. And many of the
grants you get from industry have strings tied to them, that they
want experimegé;tion dore in specific research areas, which leaves
‘other areas without funding. I would like to know your views on
whether or not the approach of just giving tax incentives to indus-
try to help in the instrumentation of our laboratorieg, is sufficient,

If it isn’t sufficient, how do we go aboufincreasing“znd improving
instrumentation in our university laboratories, which seems to be
an estimated cost of $1 to $2 billion, and the administration has
zeroed that out in the Federal budget?
Dr Press. I think industry is to be commended for what it has .

€ in recent years and for its plans to increase contributions to
university research including equipment, fellowships and direct
grants Recent tax’changes may- help, although there is some un- .
certainty there. But the trend is in the right direction. ,
. However, industrial leaders themselves.caution that they could
not possibly replace any reductions by the Federal Governmeht or
make up any deficits that have accumulated over the years in an
area such as instrumentation. As one industry leader said at our
October conference, even if industrial contributions to universities
tripled over the rest of this decade, that would be equivalent to
only 1 year’s proposed budget cut on the part of the Government.
The atmosphere is good in terms of industry’s recognition of new
opportunities in working with universities, the recognition of its
obligation to maintain the scientific and technological base and to -~
improve scientific and engineering manpower training, but we
have to be careful not {o overestimate the potential. So I agree
with'the thrust of your question, that an important Federal initia-
tive to improve equipment, and research equipment facilities at
universities is still very much needed. . ’ -

Dr. Stever. I agree. Mr. Fuqua sponsored a hearing a year or
two ago on Government help in improving industry-university co-
operation, and several industry people, who in fact had started to
-increase their cooperation, said that when they started joint proj-
ects with academic laboratories they were astounded. The first
thing they had to do was to bring them up somewhere close to the
industry in their instrumentation. I think in the last few years in-
dustry has had a shocking awakening, the fact that our universi-
ties have fallen down very badly in instrumentation.




O 24N
N \\‘ . ~.
Roveu | et vne uth;r\uestion. It occurred to

1> -testfying, he was talking about the
wersities as well and the fact)tlrat

" 1n

\\ Rec

NG talks
BN

bout the scientific.endeavor in .the United States His
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L Ok education, even just math teachers, are getting such
great o rom indstry because there 13 a dearth of people who
e Josing the educational backup to train

~people.
~_ His thegry is that we are going, to be losing the future for science
education and training new scientists. Then he says with the in-
. creasing Federal budget for defense, because our defense industry
. s su technalogically oriented, that there is going to be even more of
. a drain on scientific personnel. The bidding for salaries will bring
people™into the defense establishment, especially into defense-relat-
. ed technological industries and research and development.

So that the strain in the immediate future will be even more
_acute as far as either training new personnel or in fact having the
people to train them, because there is going to be a drain. Also, the
people that remain in educatign will be even more expensive, be-

cause they are going to be demanding higher salaries.
No. 1, is he right? And No. 2, if he is right, how do’ we combat
that problem? Because if he is right, we are going to be facing a
real crisis in the 1990’s and 2000’s for scientific personnel in the

educational field.

Dr. Stever. 1 would like to start and make some comments on
. that. First of all, we are in a free enterprise system, and there is no
question that the phenomenodn of more attractive salaries in indus-
try has affected hiring in academic institutions. Industrial people
recognize this, t0o, and a number of their efforts at increasing their
cooperation with universities are aimed at precisely this problem.
One proposal, for example, is that a young promising teacher could
be offered graduate opportunities, with the fees paid by a corpora-
tion as a loan, and that such a loan could be excused over a period
of years that the individual later spends in the dniversity teaching.
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and a number of other commercial businésses is*so\greafﬁ@ you \
are going tu see that drain"on_universities cor?tirQe. omething has_\

to be done.\ﬁ X ~__
" Mr Erter THe answer to the last question that you phrased to
me, that is the whole question. . )
Dr Stever. You know, if We are going to use the Federal Gov-
ernment, which does tend to displa l-year ‘ftm@;g cycle, it
might be good to start thinking of it as a gap filler_in“these prob- ~
lem areas The universities are clearly such on area. They need a——
scheme to raise salaries and to update their research equipment.
Being in a university has some advantages for a scientist. He can
pick his own field of research, for example. He has in many privi-
leges for being there, and lots of people would like to be there if 1t
weren't just awful in pay and research environment, Maybe we
should use our Government funding by pointing it a little in that
direction. ) N —
Mr. Fuqua. Mr. Brown?:
Mr. BRowN Thank you, Mr. Chairman.
May I ask unanimrous consent to insert an opening statement?
Mr. Fuqua. Ye§, without objection. ‘
[The prepared statement of Mr. Brown appears on pp 3-4:]
Mr BrowN. Gentlemen, this is an issue I wish to bring up that
you haven’t touched on specifically, but I note that within the last
few days the other body, the Senate, has passed #measure aimed
at stimulating the health of research and development in this
country in the form of legislation to earmark a certain percentage
of the Federal R & D. budget, which would be directed to small
business enterprises. I understand that has passed the Senate with
minimum objection, and according to one of the press reports that I
saw, the cost of this is not large, but it is projected to run from $3 *
to $20-million a year over the next 2 or 3 years. L
Now, at, the same time, expenditures are down for a numbér of
other initiatives aimed at stimulating small R. & D. busmness and
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en 4ng covperation between business and industry—for exam-
ple, provisions of theStevenson-Wydler Act have been, as we say

_ now, zero funded or zeroed out. Can we assume that this represents
a coherent-philosophy on the part of the administration, which is
supporting this new initiative to sort of let the lesser quality pro-
grams ‘ﬁmay and that this small business R. & D. set aside is
a high quah rogram that Dr. Keyworth referred to? Would you
concur in that sort.of an analysis? , .

Dr. Press. By an ge I am not sure that set asides with fixed
percentages where you nrust spend the money in a certain way are
the most productive and efficient means of conducting scientific re-
search. On the other hand, thi%mgam in support.of small indus-
try at the NSF is a good program. eems to be working. It is re-
viewed, and the budget grows or doessn\t epending upon the qual-
ity of the program. So the notion that more Federal spending for
research in small enterprises should be followed is a good one, but
I think formulae requiring expenditures of a certlz\m %ed amount

_each year would lead to programs that are not proper luated
and may not be terribly efficient. /;Q’a\c

If we could dissemisate the NSF model through other “agencies
and have growth detgrmined by program quality, that Would be the

best way tu capitalize on the enormous potential of small business-

es. .

Dr. Stevek. | agree with what Erank Press has said. In the area

of small bisiness, where innovative new products and research are

. .going ta/pay off, you in Congress should emphasize providing a
good climate for private investment. Private investment people
have a very good sénse about what is going to succeed and what
1sn't. Not a perfect sense, however, and I think.the Federal Govern-
ment should maintain some role, but I don’t think the Federal Gov-
ernment is a good selector of the ones that are going to succeed. I
think you have a different weapon in your arsenal to emphasize,

_although I think some effort by Government is good, but not the
sole effort. ;)

‘Mr. Brown. I am sure that both of you will remember, Dr. Press
particularly, that when the previous administration announced its
initiatives dealing with innovation and productivity, they were sub-
jected to considerable criticism fom lacking thjs component of tax
mncentive that you are referring to as an overallpart of the pro-
gram to stimulate innovation and productivity, small business in-

novation and productivity, in general. =~

Dr. Stever. I don't think that was Dr. Press’ fault, however. -
Mr. Brown. | wasn't implying that. I am pointing out that he

would be familiar with the fagt that there was that lack of empha-
sis. The question I am raising now is whether the new thrust,
which'cglls for a new expenditure program, can be properly catego-
rized as a high quality, carefully targeted approach aimed.at re-
placing the failed inifiatives of past years, and I think that you
have attempted to respond to that. '

. That is all, Mr. Chairman. . ’

Mr. Fuqua. Mr. Shamansky?

Mr. SHAMANSKY. Thank you, Mr. Chairman.

Recently I read an article on the Op. Ed. page of the New York

Times, @ thesis comparing the Japanese direction of ihvestment in
Y
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research and development through their Ministry of International
Trade and Industry, called MITI, and comparing that with our Fed-
eral expenditures, which greatly concentrate on the Department of
Defense and the attitudes that the Department, of Defense takes
toward its research and development and the subsequent utiliza-
tion I would like you to comment on ‘the two if you are' familiar
with it at all and are we really getting our money’s worth with the
mode that we are using for Federal R. & D.? . .

In other words, with such a great concentration on the militéiry,
is th%t our best vehicle for so much of our research and develop-
ment? -

Dr STeEVER. Let's never sell short the Department of Defense’s
fine support for research and development. However, there is no
question that they have had more success in theiy areas than we
have in some nondefense areas. You talk about-the Japanese com-
petition The Japanese did not in the beginning win economically
on the basis of great research. They used other péople's research.
They went on good management practices, quality, teamwork, care,
dozens of things. Now they are changing, and you will discover that
the Japanese, in the economic competition, are beginning to win on
the basis of high technology and science. I don't think one should
.be lulled by statements that say Japan is now beginning to ask
questions about how they can become R. & D. leaders in the world.
They are R. & D. l¢eaders in the world. : *

Mr. SHaAMANSKY But my question then is, Are we wrong in pur-
. suing, in discussing the great amount of Federal R. & D. when we

are.just. following the same.old pattern of R. & D.? - v
* Dr. StevER. We aren’t quite. Don’t forget that the Eéderal Gov-
* ernment in the last decade and a half has reduced its emphasis on
military R. & D. pretty steadily. It has gone down. to about 50 per-
cent, whereas it was 70 percent a decade and a half ago. Our real
problem is that with the Soviet Union, and other “potential adver-
sarjes we tend to be competing in the military field, and we have to
match their strepgths. In the commerical field we tend to be com-
peting with West Germany and Japan and other nations that em-
phasize commercial competition. So we are competing with teamis
that specialize. ) )

Mr. Suamansky. Dr. Stever, your .comments lead me to my
second question. I made notes during your presentation, and refer-
ring to page 8 of your testimony, talking about the climate that we
have here, and you show a marvelous faith, it seems to me, in the

.. abilityuf/our scientists and engineers to conteive innovative ideas
" and th n{nelists and managers who understand the process and
can apply those idéas. It seems to me that you describe where our

In other words, what g does it do us to have greater produc-
tivity if we don’t know what it-is we are producing?

Dr. Stever. I think we have made mistakes in the past, but at
last we are getting alert. For a long time this country paid no at-
tention to inflation, which has been one of the biggest blacks to in-
dustrial support of long-term pr(g'ects.' This eountry hardly knew
about inflation until the mid-1970’s and didn’t do anything about
it. When I was sciente adviser, the OMB never permittesl us to use

‘ .. ~7 ~
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economists and managers apparently haven't done the very,thing_
you say that they h:?e\hggsa\
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inflation factors when we put together our budgets. About 5 years
ago the Government finally awakened to, the fact that R. & D.-was
affected by inflation. ,

I think there is a mood in this country that encourage-people to
take the short-term approach, seeking payoffs over extremely short
periods. This tendency has unbalanced us, and we are being overta-
ken by competitors who have longer term approaches So I have
faith in our system. I have faith in the actions of Congress in this
matter. In recent years, Congress has made efforts to analyze the
details and dynamics of this international competition and has con-
cluded thdt we have constructed—not by intent, but by default—a
bad climate, for industrial innovation. Now Congress is trying to
correct it. I think this is a great triumph of our systam, and I hope
we stick fo that couxse long enough to make a difference.

Mr. Fuqua. Mrs. Bouquard? - '

Mrs. BouQuARD. T ask that my opening statement be placed in
the record.

Mr. Fuqua. Without objections it will be placed in the record.

[The prepared stdatement of Mrs. Bouquz‘ird follows:]

SratemenT oF HoN. MaRILYN L. BOUQUARD

This 1s a mos§curious time, we are being told new things about the federalrqle in
science and tec

cooperation with Yndustry and umversities In the area of energy policy we are told

there should be np federal R&D support of fossil, solar or conservation energy tech-

nologies The feddral support of nuclear fission R&D is now dropping dramatically

despite all the Agminstration’s rhetoric to,the contrary about saving the nuclear

* option In other vilian R&D the federal government is pulling out of proven part-

nerships with infistry which are so important to U.S. preeminence such as in avi-

i en a vital eleme}lt\or our intefnational trade balance.
1 chaired = Slbcommttee hearingjust this week on the issue of electric energy

systems and storage where the Adminisﬁ:aiion is simply telling us there is no feder-

al role in developing technology to transniit or store energy. -

This mormng | am curious as to whetheX, present and past Science Advisors feel
that their job mvolves a determination of the federal role in technology develop-
ment. If so, | am curious as to where the resent science advisor has been while the
fossil energy R&D was being put on a “going “out of business’ curve and other
energy technologies, including nuclear, were being.severely reduced Finally, I am
curious as to where all three gentlemen would stantd on tlfe issue of funding and
emphasis for magnetic fusion where the present Adniinistration seems to be inter-
ested in returning the program to a basic research phase.

I want to congratulate Chairman Fyqua for having this first in a series of hear-
ings on budget stress I can assure him that these trends in funding for technology
development are causing me extreme pain. Perhaps, the witmesses can relieve my
concern somewhat with some frank answers. -

_.Mrs. BouquarDp. Looking over your prepared statement, Dr.
Press, I notice the fact that you don’t mention the phrases “‘tech-
nology development” or “applied research” or the “D”in “R. & D.”
I was wondering if the academy has interest in the Federal rele of
applied R. & D: through its affiliation with*the National Academy
of Engineering. To be more specific, is there really any concern
about the Federal Government getting out of R. & D. in such areas
as aerpnautics or fossil and solar energy? I notice this aspect was
not méntioned in your recommendations.

Mr. Press. I think the Federal rqle in development is mixed. In
the areas of space, and defense the Government is the sole custom-
er. In certain civil technologies which are extremely expensive,
risky and yet nationally impﬁrtant,_ like fusion energy or breeder
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feactory, which we may need in' the next century, private industry
would tend to underivest and éne might justify a Federal role. *
Other areas, where one should ask the private sector to under-
take development rather than the Government, are those charac-
terized by a more near-term n}arket orientation. The private sector
might be better in judging the market and the timeliness of certain
new technologies. i ‘ ‘ :
- Certain developmental technologies that are appropriate for the
ederal Government; other 'Federal developmental projects I be--
lieve, should be a responsibifity of the private sector and the funds
thereby released used in support of the longer term riskier projects”
or for basic research. : .

Mrs Bouquarp What d
fusion program should be? . ‘

Dr Pkess I think fusiof is an appropriate Federal developmen-
tal effort and could be an fextremely significant source of energy in
the next century It requifes a great deal of science and engineer-
ing to achieve Industry will not make the necessary investments.
We are in a critical enengy position and I think development of
fusion is worthy of Federal support.

Mrs Bouvquarp I noticed that in the 1983 request by the admin-
istration, magnetic fusion, is going to be 50 million real dollars
below our 1981 appropriation. What do you think the effect of this
is going to be”? '

Dr Press I haven’t seen the 1983 budget in this area so I just |
can't say Within the whol fusion program there might be some..
more promising approaches where you might say this is a high pri-
ority approach, there is more chance that it will work, we are
closer to a conclusion or break-even point, let's push our funds into
magnetic fusion rather than laser fusion. I am not recommending
this, but the overall notion of supporting fusion research is one
that I accept /

Mrs. Bouqtarp. Thank you very much, Dr. Press.

Dr Stever, we are happy to have you gentletnen with us today. ,
You are apparently quite concerned about thé health of Federal
technology development and applied research As well as basic sci-
ence What do you understand to be the basis for having the Feder:
al Government withdraw from these tradifional roles such as

"NASA has played in aeronautics and DOE and ERDA and the De.
partment of Interior have played in our coal R. & D. programs? Do
you really believe that industry is going to pick up this support?

.Dr Stever 1 would like to build on Dr. Press’ statement here.
There are certain areas in which the Federal Government has
played the major role in supplying funds and in which I don't
think industry can take over this responsibility. For example, I
don't think, that NASA’s aeronautical role could be quickly picked
up by industry The life-and-death struggle of aeronautical compa-
nies around the world requires tremendous investments in big
facilities NASA has those facilities; it has used them wonderfully
and in cooperation with industry for a long time, in a perfect ex-
ample of the good kind of industry-Government cooperation. M,
Glickman had a séssion here 2 days ago in which several of us ap-
pea‘;\d along with a panel of top industry leaders in R. & D., and
all supported NASA’s aeronautical role.

you believe the thrust of the magnetic

.
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So I think, as Dr. Press has said, we have got fo look at each
area sephrately. I don’t think in this corfgplex matter we can make
general statements and say they apply ?hc‘ross the board We havé
to look carefully at each area and make the judgments accordingly

Mrs. Bouquakgp. Thank you, Mr. Chairman.
Mr. Fuqua. Mr. Flippo? I

Mr. Fuipro. On page 11, Dr. Press, ydu quote Lyndon Johrf§
and include in that quote, “Johnson speaks of finding excellegice  °
?\Ind growing creative centers of excellé‘ce in every part of fhe

ation.” . i B

You seem to be saying that that is a poiicy that we have followed

ing a policy of finding excellence and growing creative ce{ltgrs of
excellence in every part of the Nation? ; R

Further, you seem to be opposed to geographic distributions ‘of .
these R. & D. dollars, and I wonder if you would eare to comment
on that. I mean, does centers of excellence preclude a geographic
distribution? P

Dr. Press. During times of budgétary growth as we had under
the Johnson administration I think it was appropriate to build.a
national network in R. & D. capability which included supporting
the best institutions and building new ones in those parts of the
country where local communities wanted to make the investment
-with the help of the Federal Government. So at that pperiod in our

- history I thought it was the right thing to do.

If we are facing major budget cuts in the Federal R. & D. budget
in the next few yeats | think we have to assign the highest priority
to those institutions which are most efficient, which have the best
record in producing scientific discoveries and applications, which
do the best work.

I think that we should have'two programs, one which recognizes

the best efforts of each region of the ¢ouptry as well as a national
competition for the best institutions, wlerever they are. That, I
think, meets the needs that you have in mind.
. Mr. Fuippo. It seems to me that the concentration of the Federal
R. & D. dollar at the pfésent time may be tao narrowly defined
rather than being too widely dispersed. It also appears that a case
might be made for a connection between the economic development
of an area .and the location of what might be called an elite re-
search facility. I thinglgﬂlhere is probably some relationship.

Since that relationéhip may be argued to some degree, I'don’t sed
why the citizens of all geographic regions of the Nation should not
participate in that, such as the great States of Florida, Terinessee,
Ilinois, Alabama, and other areas. .

I believe on page 19 you are suggesting that government and the
scientific community get together and find a way &f transferring
funds from the less productive areas or institutions to more~produc-
tive ones. L. . .

I wonder who would define that productivity and I wonder if you
would care to comment on the marginal productivity of a Federal
research dollar at some of the schools such as MIT and Harvard
versus a less elitist university area. Would you have any comments
on such productivity? <
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Dr Press Let me”again remind you what my preferred policy
would be I would like to se a national competition to find the best
institutions wherever they are und commission research that could
be evaluated in any way that you design as long as we pick the
best places because I also recognize thetonnection between R.,
& D and régional economic development [ would like to have at
the same time a program of recognizing thé best regional institu-
tions in the country and supporting them as well.
That part of my testimony that you referred tv described a situa-
“tion which is currently very serious. We are facing several years of
budget ‘constraints 1 think we must get through that period pre-
serving the best of the Nation's scientific enterprises wherever we
find them oL
Mr Fuipro. But according to your_ testimony scientific R. & D.
dollars have not been growing since then and we have been follow-
ing this policy \ .

Dr Stever. you speak on pages 2 and J.about decentralization, ¥

about those in Japan and others who have told to ¥ou that what we
need in this country is moredecentralization. You seem to be re-
Jecting that ~.
Do you agree with Dr. Press or is your testimony in opposition?
Do yvou want more decentralization of the Federal R. & D. doHar?
Dr Stever I want decentralization in the selection of the areas._
of research and development that are important. I would not neces-
sarily decentralize the R & D. effort by geographic area. I am in
' favor ,of decentralizing with respect to where talent is, [ think I

times, distributing our research and development funds on the
basis of geographic area or population distribition will cause us to
misuse some of them. In good times, we can work on that.

You talked about the people of the country who should be enti-
tled to be a part of it If you are talking about strengthening the
educattonal institutions 1 would like to see that decentralized. I
think many good minds per capita come out of every State of the
Union. and we ought to make sure we are using them, In their edu-
cational years I think we have to strengthen them. If you are talk-
ing about return on the research investment, the quality, the size.
and past record of research institutions should be the dftermining
congiderations. - '

My Frepo ©don't advocate allocating the funds purely on a geo-
graphical basis, but I would like to see the part tHat geography
plays considered and that has been a debate that has gone on in
this ommuttee for a long time and will probably continue.

Mr Prqua For as long as I can remember

My Walgren” .

Mr WarGrex Thank you, Mr. Chairman

I wonder, as perhapsta relatively partisan person, whether we

care sayving the right things in living with this cutback We seem to

be now opening wreas about how you are going to allocate these

dollars amony the most efficient tinovator of the most efficient re-

searchet And T remiember My Weber saying earlier this morning

that hé felt that there would be little support for cutbacks beyond

what has.already been done 1n certain areas
Y .

agree with Dx'\{’:ess in this respect. And I think that, in lean .

.

ERIC™N . .

Aruitoxt provided by Eic:

AN




.

. better university. o o= e

T wgeg e
- facilities, and

Sl e

.

saying to the Cohgress and the public that there should. not-be
these cutbacks pr are we saying, well, if we arefoing to have these
cutbacks then e will-allocate them between the most efficient uni-
versities and then we will get into a big fight about wha is the

! .
" ' What troubles me is whether or not the sci}zgce commupity is

'

ou feel that it*is time for the science community to say very

\%rongl)u/md very clearly to the public that any reduction in Fede

_al resear¢h does a great disservice to the national interest?

’ Dr. Press. | think the determination whether this cquritry under-
goes a high technology inausflrl;al revolution depends upon a strong
scientific and technical base. Not to have the vision to nrake the
necessary 1nvestments to compete successfully in this important
period in our history {think is shortsighted and reflects irresponsi-
blé leadership. )
~ Yes, we shou
underinvest in

.

ackle problems of waste and inefficiency. But to
iis nation’s science and technical base, people,
ojects. I think is a serious' mistake.
Dr. STEVER:/ ehdorse that 100 percent. .~ : \
__Mr-WaGGKEN. | remember some comments from the debate on
. dmfttedly we talk in per- \
” haps sumetimes nonsubstantive levels butgne side got up and said
let's shéw jthe economic conminunity that wesare going to cut Gov->
ernment spending and get back to investment In our society and so
 let's reduce this National Science Foundation Qg@;t and At will be
good for investment. Then; the othér $ide gets up:.and ‘says let’s
show the financiall community in thi; country that welare going'to
ncrease mvestment in this country and let’seep thésexoneys in
he|National Sdiehce Foundation angd obviousty these axg.i
eht mongeys that|should belspent. . |} :
.\ What tx{oubles nje is I hear so much,, \
taiply support the|President|and we gd/along with thxPreside
ptggram and yet\hany of opinion formegs in the doungry do X
wilk right up to say he is just pl-af WIONg
/in\jthis instance. _ 5 : !

¢ hard Question an
At { -
.——+— certainly hop t%&t th nscientiﬁc ommunity, if it eliﬂzv\es th t
i are neess ary, willisay tha“c he is just, pla

ng in this in tan\ce and that that jwrong creates) very grave
ger for out soclety'as grwhole. 4 , !
ow, that is.a p rtiszlx }t ment. Along that line I whnted to as
-could

, glas be
id any' spécific meas ent of that fecline tha
ldbe made, I‘ cdrtainly wolldappreciate it for th
! . . - ! '

sklalso| wHether or not we are making an ade-
ciénce to applied science, if that is the
ie one time that Brifain js an exam—\
qant to ge down in, that they have very

K‘ le translation of that §cience _in"'to‘

T>a"<‘jht at the people that wére involved -,
ot have.enough good scientific knowl-
el] and Kin the university leverﬁ\in
BERNN |
: RN
! i i AN / \
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sure the decline in the in-

R
e NSF budge held

nstant and then the|real dollarg
so down. If there
: Sau

quate transition f
-right jword. Somefn
ple 06‘
good Pure science
their industnal b
in industry oftenti
edgd tp solve pr
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Britamn the way that pattiular bociety ’ﬂfﬁq{ FW R
',-r entststerided 10 stay within thep: mVé‘r’b'leés e Ca—
Do we have a good effort to gdt that +7ams Fansition made and in your — — E—
view )1: this an -area that we s ould ‘make-a_special effort at this
point’

N Dr Press. Since we' are running out of . txme tet~ Tﬁ"respond B
brleﬁy Dr Stever wants t apient as well. N
* . Ithink we in this counﬁry know as well as anybedrfhe process, .
for tramlatﬁrg & new scieftifig idea-from dlS(,UVE!-\y to-apphication -

to thg final product, Bur-in the past sve didn't lmv:e the avor:ﬂjir,f’ l

econoM¢ climate that Japan, [for instance;- fiad over the past
decade:Mor tha exvolutionT Wel need a regulatory olicy, a-relation- .
“f: shirbe Government and indu: that is nogadversarla Q"""
o §$-in this country today;, - -
Dr > That was géing/to be e kftoo -

1\ .WAGREN ou yery muth.-- - - s -

y Thankxlé\yj . Walgren. - f/” '\J e

Rings that re L Mydis rbs me, andI thitk maybe Dr

ek dt, 1t is e impaskigf acros&thefboa cuts when
% rogram is E xted the same, which implies— )

t ings are equal} disturbs me greatly “— -

¢-board_ Sy At ha been guilty of it - - -

.- bean counters to say they are treating

Queerng me greathyw we_find our-
; ‘m 5-the-board. cuLS,m-v—alaﬂblFT)‘r’o:'
g ,,mhérﬂn timeg when

: S JOSE R s fund andwhat | -
: d-rot~1" k-both-0L y0U haved ; totaly e
> ¥ PO bﬂ‘t Of prisEINZing
abe mére -idtportan )t aybe
Gmrthat? \. =
-Srevied certainly agree t that it

N ot
€S0 the selection ef insti
) _Condextspi=tar more gen

whe \w a
\ ’JSEEIL is-

ase tHat Dr. yﬂwz;r

2Lhey fo%gwxae Re i) s as—
jhecia ph e—the1es] }MCtS fLU;R

" rits, 1 1hin we arg-in the rght mood. Then,, e

ars eaﬁhﬁt\wh:eh fh"Best and that sl\ouldg@ atl's

; , e =

RESS Itfns muc \ ore le : rable to. h%v_,_;‘_Keywo }\fs‘\\\t’}
¢ of growing bixd rets when o ecan e part o
@E'mna&ﬂy constxictin r-hefhasf"""k

\ poT Al ques ens: HOW cap bm vend, e

i LInost St-important, what-are- the {ess produgtive

or Teing up to baese very dlfﬁjlt

— "”%*Thﬁm a{ COnGS me, “are some of th;:,pr minar bl
f“%t—m e that-OMB has signed- Ff;ﬁm_paéaeu{a(ly in ene y«eveH— ’
e G TENT, N SHeh - AreaSas 10 Sgil, solar,\and conservation, where al
e S jets, incliiding fusion and figsion are.downalmos
J ~bilTion frgn Qscal 3ear,1982‘app rQptates eve]s To me that-fre

T




Seals o Wﬁtbabmﬁﬁs ¢ a’non, Fiot “only in those ﬁelds\b t

<~ “n som& pthers. It cunuerns me grea th&Lwe are for forsakj =
- -~ future. \h& tlk e -
Dr. SteyEr. | woulddtesoiake g comm wm to*

cs—Bouquald s question abo < appro rate nment fole, T \
_ meMxoned ﬁﬁ‘ng gaps. 1 thuﬂt : R ab =t
e There are somes’ \\

: the private sector X
- are qUITR s to_be Xone and there ate _ é\
areas jn-which the; a.ne«noffSo ‘selectivity s dmpo r{ant;you don't’

¥ just.say we haw"tolﬁe in_energy;.you have to say we have got'to tobe -

,~——e~—~m this-part ox:.that_pa;:t - of energ . Ap am,l detecte‘a sam Eﬁle‘n“t -

- ——~"of this Vle:(vgl_rl‘?’r_’!ﬁw TS TN ny’ .
. Ar-Fruqua 1 want to thank both ou BeF re we a,d;nu:r s T
T without ubjection, the formal statemen TS w1ll be_ace 3\

cepted as part of the.reeord of the hearmg_,- L e
ant to thank you, Dr. Stev,wmv—nt '§ foF tERME . g
tmu tu be here I think-this héarmg haSrbee most slpfad—oard %

we Aty T grapple with the derision rago be
.n.;‘-‘l; Ny, partculs m&he_lﬂB?;—wbadgef'ﬁ?ar -and the 1mpact 3 at -
St te-have onourtational well-being=——=" A -

thank ¥ uq,ery much for yoir ¢ centr&butmn— [ L. gt

-t \hi meetmggs\a‘dggwogmd / 4;{ e T
W on, at 12.2 _the conmmittee Was.adjourned —ei
\ [Add nal-corrd pmrde.nce‘f th/_/emrd;f tows:] - . e
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vou for your excellen

.
ology of Qecerber 10, 1981, t the heafing MS. Science and Technol-
P h 99y wrfder Budget Stress you Indicated that you ‘would rcs&nd\t 2addrtional ques-
. tiors §or 1nn ", o e T N o \‘
AN - - ~ o -
Guriagd the 3iscussrdn following your prepar d, statement, you indicated :ha:h\

P~ - ‘ces»% tS suppert a strong space science Rrogramacross Fhrcc general areas, -~ -

J N Flaneth-, exploration, solar-terrestrial sciendy, and astronomy and astrophysics.' \

py A < he Cw:zee would apprecrate some elabordtion O the proposed progran for these Ny
=" £ thies areas of space scignee . . .
=

~

ience

g S

T T a\é‘;}mn:n. - Schneider has submitted the sttached §
L gnen alg minor it ntists, | *

(d
\g 1o0oks lf.m‘rechmé Yyour response at your Qarlncst conven~

stion o1 funding for
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Lestivg subritted bv ¥rs ~chneider to Dr, George Keyworth as a follow-up to
[~ € e hearieg on _ the iZpact ! the curreat budyet stre<s on the health of American

#CReboe and techaology on Decesber 10, 1981.

1n this tire ot hudlet cutbacks, ‘.‘\QU can we ensure that those who are at -
the beainnits ot the scientitic 1adder, without a proven track record, but having
a3 1ot of prerise, will be able to obtaln funding? As vou know, withouy initia:
rundiog, sclentists can rever build a trick record. 1.3m especially worried AN
Ui about ~omen snd =inority scientists who tradirionally have hada mre/difficult
time brainine this initial funding. S
3 - .

. o ‘ . ’ ot | '
Y, . T
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. ~EXECUTIVE OFFICE OF THE PRESIDENT
*;" ! OFFICE OF SCIENCE AND TECHNOLOGY POLICY 3
WASHINGTON 0 C 20800

February 11, 1982

Dear Don:

In response to your letter of January 25, I appreciate the

opportunity to elaborate on my testimony ofezﬁgemb r 10, .
1981, as well as to respond to Mrs. Schneidef's quéstion.

During the discussion on December 10, following M& prepared

statement, I was asked if I had "recommended against the

contrnuagion of NASA's planetary program." As I stated in
‘ my respondq, "planetary research, pianetary exploration has

dominated tye American space science program for more than

the last defade. We intend to support a strong program

ree general areas of what I wilé call space

science: etary exploration, solar terrestrial science,

and astronomy And astrophysics.

.-

I believe’ that in assuring the maximum exploitation of the
shuttle/1t will be necessary to place more emphasis on the
solar:-terrestrlal science and astronomy and astrophysics
areas, and that planetary exploration may, in a relative
sense, decline as these othey areas take a larger portion

of the space science budget’ Our objective is not to

dimanish the hignly succeésful planetary exXf oration prnggd,
but rather to strengthen otHer rich areas of science. e
Ganma-Ray Observatory is an example of an activity which can'*
accomplish this. 4

In my statement I did not aimtend to convey the impression f

that 1 had a specific proposal, or family of proposals, which

would illustrate such a program. I am workindg with NASA and

the scientific commdnity toward definition ¢f a program that

meets this criteria. I am certain that we, the Executive N

Branch and the Congress, can work together to identify Priority

efforts 1n each of these areas that are’focused upon specific

objectives selected on the basis of their expected contribdtions

to fundamental science that will result in a strong and compre- '
hensive U.S5. space program. -

f

In responseé to Mry. Schneider's question, the Administration is
strongly committégrto supporting meritorious research proposals
from whatever source. Studies of NSF's peer review process have
shown that the institution or' "name” of the researcher does not
substantially influence the award of research grants.

RECEIVED
FEB 17 4982

COMMITTEE ON SCIENCE
* AND TECHNOLOGY

A .
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The Admanistration 1s also fu committed to e more
effective use ©f our natxona' resources. In the area
of science, this clearly udes: young som and minoraity

scirentists and engineers The Administratyon recognizes
fg, such as & lackK of collegial

various historical fac
Yed .in underutiliZation of our f£i1l

support, may have res
¢ manpower resources ~the past. I have discussed this-

1ssue with John Slgughter,. the Director of/the NSF, and I

. understand that hé 1s working on ways ‘promote greater
participation of minorities and women/}ﬁ/sqience
engineering. 74 /

Please let me know 1f You need further elaboration on
or other top:ic

very truly yours.,

h %

P G. A. Keyworth
The Honorable Dofi Fuqua -
Chairman
* committee on Science and Technology
‘House of Representatives
sWashington, D.C. 20515

ERIC -
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. U.8. SCIENCE AND TECHNOLOGY UNDER -
BUDGET STRESS

TUESDAY, FEBRUARY 2, 1982

House oF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY, -
o " Washington, D.C.

The committee met, pursuant to notice; at 9:35 a.m., in room
2318, Rayburn House Office Building, Hon. Don Fuqua (chairman
of the committee) presiding. .

Present' Representatives Fuqua, Roe, Brown, Bouquard, Flippo,
Glickman, Nelson, Shamansky, Dymally, Winn; Fish, Lujan, Heck-
- ler, Sensenbrenner, Weber, Gregg, Schneider, and Lowery.

-~ Staff present: Dr. Harold Hanson, executive director; Dr. Ezra
Heif}owit, science consultant; and Dr. John Holmfeld, science policy
staff.. )

Mr Fuqua. This morning we resume the hearings that began on
December 10 to examine the impact of current budget stress on the
vitality of US. science and technology. Frank Press's October Na-
tional Academy of Sciences meeting on the science budget had for-
malized and highlighted urgent discussion within the scientific and
technical communities on how to best react to that.stress.

At our hearing in December we received a major statement from
the President’s science adviser concerning the administration’s
‘view of how high priority science efforts can be maintained. Two
former science advisers, Dr. Press.and Dr. Stever, raised some of
the many issués always triggered by priority-setting exercises for
science These include the need for investment continuity, the
weakness of our foresight on what will or will not pay off, and the
.unfortunate power of budget expediencies to dominate long-term
decision-making for science and technology.

The coming three days of hearings provide & means to include in
this process an important dialogue between the scientific and polit-
ical communities. We will have informal meetings as well and hope
that a continuing close contact will be maintained. This_phase of
the hearing is especially significant as it is a direct prologue to con-
gressional budget authorization actions which will be initiated by
our committee in the coming weeks.

Prior to those decisions, we need very much to have the benefit
of any ideas the sciénce' community can offer us on how to mini-
mize the long-range danyage to national science and_technology ca-
pabilities brought about by current budget. pressure.“We need to be
made aware of any senfe of priorities for use of scarce resources

which is emerging in j{he community. We. need to understand

‘{ (13%) . /
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/ science of the nearly complete politicizi

. -You have a list of these witnesses before ~-We wil ta

e ’

 whether there is a way of adfiinistering budget. restraint which
will allow orderly plunmﬁ avoid wasteful fits and starts, and
}n‘amtam the most importaht of our technical capabilities for the
uture. ’ I

We need also to Stand the extént of the disruptions and dis-
locations which ¢ rrently occurring in the science community
due to budget ; s-of the ‘past year. This information is needed
so that we can weigh the urgency of emphasizing resources in this
sector., as oppoded to the many other areas of public concern clam-
oring for attention. More than anything else, I think we need guid-
ance from our distinguished witnesses congefning the impact on
of the Federal budget

which we have seen in recent years. y .

We are all polificians on the committee, so we can certainly un-
derstand that bddget debates are a form of political debaté. But the
committee algb has a special stewardship responsibility for the
health of ouf Nation's science and technology enterprise. We Jave
seen too vi¥idly that when long-term science funding is coupléd ca-
sually tofever-shifting short-term budget politics the resulpywill be
a disasfr of uncerfainty and disruption. The administyg
ly hgf used the budget as the majn vehicle for exp;
brogd theory of acceptable government. g -

/The debate on that broad theory hras been a Medlthy one, 1 feel,
4nd one on which. I shared many of the views of President Reagan.
# | cannet support, however,é;y?'

blindly applied with a wastpful loss sf trained manpower and
veloped technical capabilitiés or with n lect of needed long:r
science and technical in éstments for/hational security ﬁnd)w%i
being. T e ’ - -
With generally goo
never had much pattence with econemic theory as opposed to hard-
isit. To the extent that curréent science budgets ex-
¢ political theory at the ‘expense of wise stewafd-

press economic

ship of science’and technology resources, I think that Membey$ on -

the aisle will want to assert the traditional pragma-

both sides 1
tism thr%agh congressional revision of administration bg et pros

. -

posals. }

areas Where these pragmatic adjustments are needed. ]

We are grateful that our witnesses who are here to estify roday.

nesses individually and then have the guestions at

I think 1t will help expedite the meeting this orojnig

s think many of the questions have relevance t
nesses would liketo comment on.. ’

. [The prepared statement of Congressm Larry

/~ ing minority~member, follows:]

inn, Jr., rank-

StaTEMENT OF HoN LARRY WINN, J.

Mr Chairman, I look foxward to the three days of hegrings that we have sched-
uled on this topic this week As you krow, we had on(;/ ay of hearings on this sub-
{‘ect when Dr George Keyworth,\qo President’s Scigfice Adviser, presented a very

\Id and mpovative program and sclegee policy of t Administration

Since that time, the National Science Board hag/released its latest volume of sci-
ence indicators 1 think some of the findings infhat report are extremely interest-
ing For example. national levels of basic rese h activily, measured by funding for

e

-

ions in which the theory has bee
e,

an
1-

e

results, thig country and its Congress have /

ope the witnesses in the next 3 days will help gitide usto

e
e wit> \<\
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. Daste research, have risen  ontinuously since the mid 19705 The rate of increase
7 dechned somewhat 1n 19%0 qnd [0X] However. 1t 1s impértant_to note that we are ,——
-~ still talhing about a rate of incresse and that funding for basic research. has not
P 't

S been static This excellent_report also puints out that industrial basic researchtis on
. ,the rise again By 1981, dustry, which performs about 13 percent of US basic re-
search, 15 expected to spdnd at a basic research level about 37 percent more than 1n

1475 measured 1n constany dollars These science indicators also show that industry

‘ performs about 4¥ percent'of our research and development efforts over all. I would
certamnly expect that with the tax incentives contamed in legislation passed last_

/ vear by the Congress, that we are going to sce ’a\beneﬁcxal mcrease in this trend

v My Chairman, I hope that over the next three days, our various witnésses will be
able to shed additional light on these trends | am confident that the picture they
will paint wiil be one of overall health for the US research and development com-

munity 1h general and our basic research effort 1n particular -’

Mr FuQui At this time I would like to call on our colleague
from Alabama; Mr. Flippo. Do you have a statement you wish to
make? o

Mr Fuppo Mr Chairman, in the interests of expediency, may I
file my statement for the record, please? )

Mr. Fuqua “Withoyt/objection, it will be made a part of the ,
record . . ‘

[The opening statement.of Mr. Flippo follows;] )

Aruitoxt provided by Eic:
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OFENING STATEMBN] ’
BY ik ’
HONORABLE RONNIE FLIPPO

- HEARIALS ON U.5¢ SCIENGE \Nﬁ"tf{g}OLoGY
. UADER BUDGLED SIRESS -
' ’ teb. 2, legz .-

MR CHVIRMAN, 1 want to ~a) just a few words about why I //<,/_,
think these heapings are important and what I think we need to -

accemplish.

we all hnow there are pressures to reduce the federal bud-
_get with the rvery worthwhile goal of getting our economy under

centiol the Ry budget 1s discretaondry and ¢an be cut.

Se through heafings such as these we need to hnow what will
happen -1t we toduce federal funding fdr RED.  That 1s, we hnow
that our Ralt successes of the past have contributed 't

clonomie strenyth e aweurcd that the supply-side

~—‘““‘Y’$unoxxls of cutting the Federal~bhudget-W11 offset possible

1 .

| oaegative impacts o{/ku!tlng progrnm<f”

‘ E N

: In other words we mav decide to cut the budget, but let's

1

} do 1t catefulls. Ley's hnpow what needs to be c¢ut and why.

k [a~t December 15} Presidential Science Adviser George Kevworth

presented the Admimistration philosophy with respect to the R&D
/
Tudgpet with all due respeet, D heyworth's statement left some

Juestrons.

/l . . \.o/ ~
[here sedms to be some confusion between ends and means or

between indicators and root causes in the thinking presented on

December 10,  Let me be specific. .

- First, Dr. heyworth suggests that the health of U.S. stirence

Can be measured '1n part by the numbers of Nobel prizes won.

. " “
.
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Aruitoxt provided by Eic:
.




Y 143

g

0f course that 1s i1n part true,but 1t 1s not particularly relevant
tlon of the 1983 budget. The Nobel prizes wop in the
last seveiral yed

--and the U.S. has won many--were awarded for
work dong earlier and .funded yet earlier, perhaps 20 years ago.
So the real question we need answered 1s, what impact will the

1983 budget have on Nobel prizes in 2003?

It 1s interesting that much of the work which re;ulted in
re¢ent Nobel prizes was done during periods of high growth of
Federal funding of R&D. I mention this because Dr. Keyworth made
the point that in times of high growth we may not do our best
science and that the decades of growth of science funding are’
over. Yet Dr. Frank Press testified at the same hearing that there
has been little or no growth in the buying power of Federal funding
of R&D for perhaps 15 years. So 1t 1s not clear whether there 1s

any connect1on between growth past Nobel p _ziﬁgiL_ﬂ,ﬂllL¥1—and—tﬁﬂr—_

1081 bud N

* There seems to be some confusion here. Growth per se 1s neither
good nor bad, but 1f we need moTe R&D, the budget may have to grow.

. 0f course 1f we need less RGD the budget may have to shrink.

. This brings me to another possibly misleading statement.

Dr. Keyworth said budget cuts could be good for R&D 1f we make them

wisely. This 1s because the average quality will go up if the weaker

projects are cut. Again, this 1s true but not very helpful. Earlier ~

)

1n my career I was an accountant. I know that 1f you strike all
™ the smaller numbers out of a column of figures, the average w111 go .
&P, but the sum will go down. :

ERIC . .

r e
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.
So Pr. Kevworth's argunment about average yualily,1s not
, ¢specially anformative. 'Tf all we wanted to do was raise ;he"
averdge quality we would give one grant to Albert Einstein “and
stop. But since we fund R&D for various reasons,:we heed to,
Tooh at the total program, at vwhere 1% 15 going and why. Worry-
. 1ng about average quality again confuscs ends and means. We
- whould relate cuts 1n R&D to national goals, fnd for ex ample
we should balance the need to improve productivity through
Tyt apainst the nced 't reduce the .budget. ) ‘ .

\ ~woond :isue related to qualaty of science was discussed
Dy ember 10 1n a relatyvely unfruitful way. There was an attempt

~ .

, e sneet a_logial-appas tronto tgeographical —.
distribution of funds ¥ This 1s a talse qpposition. What we in

the Congress tend to be interested 1n 1s the gcographlndl dis-
titbution of exeellence. We believe this 1o p&ssxble and desire-
ihle testweable because the conduct ot R&D provides benef1its

to the locale where 1t 1y done. b P

Of coursy federat funds are the means to achlcvc this desixe-
able goal, but let’s pot confuse the end with the means. Such
Jatusion dees not help us work with the 1983 budget.

)

Mr. (hairman, this statement has been over loag, but [ think
the hearipgs are very important and that several areas of confusion
aeed to be clarifiede So 1 thank you for bearing with me, and look

torward to the testimony. )
///(’/i I
<
: ‘_k/'—/'lf'_,. .
. e . N

ERIC '
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Mr Fuqua.'l will now call on our distinguished colleague,

- George Brown, to present our first witness.

: Mr BrowN Mr. Chairman, I am grateful for the opportunity to

introduce Dr Saxon. He is a distinguished scientist who serves as

head of what I, of course, consider to be the greatest university in

the country, the University of California’gBut I am sure his views

are not parochial, since he owes his own education to another great

institution, MIT, which I suppose can make some claims to quali-

ties of excellence. v

I should point out that Dr. Saxon also spent most of his academic
career at UCLA, where I spent more years than I like to recall. He
has done an excellent job a¢ the spokesman for the-academic-com-—— - -
Jmunity and the scientific community in many areas.

It is a real pleasure to welcome his contribution to this extreme-
ly important natipnal, political issue of how we deal with the fund-
ing of sciencé and technology in situations where we have a great
scarcity of money for the funding of all the important things this
country needs. I look forward ta Dr. Saxon’s contribution.

Mr. FuQua. Thank you, MY. Brown.
<  Before Dr Saxon begins, we would also like to ask unanimous

consent that the statement by Congressman Winn be presented in

the record following my statement.
Dr: Saxon, we are very happy to have you here foday.
[The biographical sketch of Dr. Saxon follows:]
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_ STATRMENT OF DAVID S. SAXON, PRESIDENT, UNIVERSITY OF~ |
s OCALIFORNIA, BERKELEY, CALIFORNIA .

T
~-=1.~_Dr Saxon Tam very grateful for the.opportumity to be here, Mr.
- Chair-mml. = < * *
— ave submitted in advance a prepared statement of some
length, and with your permission.I would like to offer that.
MUA Without objection, we will make the statement in its
entirety a part of the record. If you wish to siimmarize and ke
additional comments, we would be most grateful. _—

Dr. Saxon. Thank you. That is what 1 will-do:

I am David Saxon, president_of-thé Unjversity of California
which, with its 9 campuges-it§5 medical schoolsxit§ 150 organized
Search units, and-1ts"4 national laboratories is all by .tself a sig-
ant.part ol the scientific capacity of this country.

FIRe_most other research universities, whatever the source of
their general support, our capacity for scientific research and ad-
o vanced scientific education is utterly dependent on continued as-
sistance from the Federal Government. It is from that perspective
that I want to-give you my views on the condition of scientific re-
Segrch_and ‘advanhced scientific education in the Nation today. I
=" 7 wah{to do so in the perspective of the next decade and in the con-
text ofNthe policies of the Reagan administration. -
™ "Among the topics I will touch on briefly are the importance of
\ science to th y-generally; my concern about sustaining it in
’ nchment; the need to educate the next generation
of scientists and tugineers, and the next after that, the need for a
¢ national forum to develop guiding principles for science policy; the
- need for appropriate levels of support; pubtic and private, and the
. need for a free flow of scientific information.
- - Presidént Reagan's science adviser, my former colleague, George
: eyworth, emphasizing the importance to the Nation of the scien-

" tific enterprise, said to this committee last month:
v The Reagan administration places great value on our country’s scientific and
™ technologicat strength Supporting sciencé 1s a necessity for all great nations, and '
L . - verfainly for the United States guccess in achieving virtually, all of our national
- - goals for the 19R0’s—more vigorous economic growth, enhanced national security, a. - -
- stronger competitive position in world markets, better health and quality of life for
Y allofou ple—will depend 1n large part on knowledge and technological develop-

ments whichcan only come-from scientific research. ,

P “"That is w - Dr- KeyWworth said to this committee, and I could
~*~  not agree moré with his statement. My concern arises from my
-~ skepticism about whether, within its overall program, the adminis-
tration will succeed in sustaining science as a vital national effort -
or whether, by the unintended side effects of policies _directed —
toward reducing the relative sizé of the Federal Government, some
serious, costly,-and-eveh permanent damage to science_will.result.
77 We are all aware, of course, dkthe President’s sfforts to control-__., -
the growth of Fedegalexpeﬁdinirfsfggd indebtedness, efforts which
Wnded‘to”ﬁ?e resources to stimulate the economy. At least in
== the short run, the économy is in recession, a situation which makes
" the President’s task mare- difficult as revenues are reduced and
_noney remains expensive: Nevartheless, the administration is oper-
— " ating on the expectation that its efforts will be successful and that
| -—a surge in production will be&n; Therefore, it seems to ;

I ,\g L L e — —
_— —_ _‘—'_' _ -
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barhy urneases torTraRe Jrastiec ot
sttt e econgiive-healthmover the long run®

T e . B e - .
—’;}'_“f‘_’,_@‘:‘——um'm&ke,: nse,” for exagiple. to reduce current suppgs
—Tor scientific- rjeaeareh “when the résults of that research™ will be
, needed n the future It does not make sense to reduce port that

eiiables students tu attend cotlege. and\particulapk” to continue
study at the graduate level It doesynot ma

sources available for ¢he much needed impfo ent—of scientific

"—efd:%‘_g_t‘_x_xm__m:.uu bty T schoo]l systefl, from kindergarten to
~—¢Taduate school. ~ >

~

— Tt does not make. sense to impps€. by selective budg cutting, dg-
cisions—about what part of thé scientific endeavor should b€ sup-
ported witheut the most cafeful and extensive consultation and dis-
e ttisniun=It doés-not make sense to force on the States responsibil-

— C-itiesthat they are-un@ible to meet. f .
. From.. perspectine, 1 see an administration that correctly ex-
. demands, much from science and technology but

¢ realized. - o

[ knowxthat this Cegamittee wmindful of the tight conneétion be-
tRewp s tuncerns ¢ American-scienée—and technology and
| SUPPUT b Wfﬁe nett generation of scientists and
| —¥Tig Beers—t4ts 1 lipancial aid, particulaly for graduate students,
e — a“ma‘ffwm%?g“gir‘nmee canngt afford te_ignore. .

The. Guaranteed™Sfudent Loan Program, o major source of sup-
. nort for graduate students, is critical te maintajning the Vitadity of
suradvanced education in the immediate® ﬁqtu%}n 1980-81, for ex-
[\ amply more-than a quart_g_@f,the—graduate studknts at my univer-

;’i%:req_ ved support Trom that program The idea of barring grad-

= +Te studeats from eligibility is not sound policy in the faceof con-

e

P ed natioNal need for their educ
_ . Dot our seientifizenterprisé™and the whole question of access téd
- higheF edieation, The need to assure equal educiitional opportunity
15 more thah a\Q;tter of simple justice. The truth is that we
cannot afford to-meglect any source of talent. -
There 1s als6 a E,f&ea,t_need'ﬁﬁmp%)_\;em.enﬁn science and math-
‘matics_edue Tat gl levelsx~a rieed that is fortunately receiving
N T attenton from the Sfates these days, incjuding California,
WM [imits the States must face, it may
fther wise_nor-pessible to rely solely on local efforts to-agconr
/i-,_,plxs?krﬂre’eﬁ'éa_ impreyements.In-my opinion, the Federal Govern-
T~ _ment, 1n cudpgration with the States, should retain a substdntial
role in_encouraging this sort<af educational effort. | <
__.Incentrves and inducements
« " Twcentfidgesearch are also necessaty. Fellowship
«uable, and\effective. I afn encouraged-tQ hear
otherz Goverhment agencies as well as frow_the/private sector for

targeted fellowghips with stipends th ic for t’,‘oeie times,

-~ -dR 1hi ittee ivecontin tion-ta the vital-
== ity of the Natio Cl oundation’s science edﬁcat‘ion%‘%ﬁ\rt
N

and especially its felbowship program. e D
ntive for  young people fo pursue-the .
is the vigor :7 ‘ex‘cxteme\nt\clf%

* The_most important 'in
rigors of a scientific educats
- o/ o/
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hrhent of fiscal unceztamnty_re-
g support for science 1s surely~doing short-ters nage to--. ..
ang perhaps long-term damage, too: :
L niversity of California, the ¢ase I Kirow best, we estimate
that since The_passage of the continuing resolution last December
our overall research support from Federal agencies in fiscal year
"2 may decline aS™much as $25 mulkion in current dollars. In the
face of inflation, we estimate that the effective decline in'purchas-
- ng power for research from™iscal year 1981 to fiscal year 1982 1
-0 percent of our Federal research support. This i the equivalent
“of$60 nullien-eurrentdotars— ™ D e
M~ prepared statement, which I mentioned earlier, contains ex-
amples o how' these cuts are affecting our campuses and laborato-
ries ~Same ofthem mvolve two or three people; some of them in- .-
volve hundreds e&\p@& None of the cases I cited are going to
~ bring the Nation's sciemtific effort to a grinding stop, but the cumu-
lative cost to-the country fo~terms of wasted time, wasted effort,
and lost morsale is enormous. ’

Difficalt a~ current economic circumktan@s may be, thetneed for-
stabithty and continuity is profound [ hear that everyw I go, .
talking to-my colleagues about the current situation. At the same
time, we need focgsed and cooperative effart among government,

industry, and unrverdties to develop science policies and plans. The
National Commission on Research has recommended the creation _
- of\'\c\th\rum that will include representatives of 4ll interésted insti-
T fulonS support this idea

“We freed a primeiple of reliable support. “We_need some under-
standinggf the desirable mix of fundamental researeh, pphed sci-
ence, and dexe/opment=We need a principle to guide ul 1n det%}-
minmng the lond- @nd>the short-term* pertinence of l'eiearch.
néed a principle of bilance among public and private agenciey to
sustain diversity of support as well as balance among perforpfers.
Finallx~we need a princple that assures that excellence prégvails
ser political and geographical considerations.
e (ongress and the administration will take the lead in es-
fabliShing} a forum to help us clarify these important /matters.

§

"I‘hﬂ\\"\ationa A y of Sciences has a COW is look-
- very hard at this jon. Q ' )
™ One of the questions tha ads to be\answered is, How much is

on()ugh when we talk abeut_suppo science? Dr. Keyworth 1s du-
biois about what hercallstlmhﬁ.%sf:n s of support, such as a
percentage of the gross national product He Seso, dubfous abdut
= thetevel of quality and.the means for At3 aluati

" DY emphaditrng the apparently arbitrdry charactet

ards, he directs gitention to the wrong/issue.

. The best ov\f;me that Federal support for bhsic scientific -re-
search yields wdrk of high quality is the overall fuccess of our sci--
entific enterprie It is ren .rkable, in fact, that/so much has been
accomplished, givomthe obstacles tiat e givercome. The Asso-
Qon of Amencan UnToessities and the National Science Founda-
flon Ngr example. have documented the obsolescence v1.scientific
equipmem and instrumentation in universities compared either to
other advanced countries.

n.
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The same problen Yegarding facilities has been documented 1
am convinced .that we are unable to support, through project
awards. much proposed research that would be valuable And I do

L not think we are supporting a great deal that is not worthwhile 1
S~ therefore hope that the country can find a way to accept present
Jls as 4 mimmum.baseline and to plan on a rate of real growth
ot 1 or~2 percent per year for the next decade, as suggested to this
committee by Dr Frank Press. Such a slow but steady rate of
growth s a prudent approach to the iieed to absorb new investiga-
tors and to allow for some predictable increase in the fost of instru-
mentation and equipment. .

I also agree with Dr. Press that government and academic sci-
ence should seek a compact with industry that will lead to in-
creased cooperation and funding from that sector I ink that fur-
ther amendment of the tax laws to accomplish thig purpose 1s de-
sirable, but 1t 15 very important that it be understéod that support
trom private Sources can never substitute for Federal support.

\

*  We work very hard to get it. But all of our research contracts from
the private sector. all of our grants, all the donations of equipment
and tellowships and unrestricted funds from industrial firms and
their foundations amount to 5 percent of our research budget That
amount will not grow much in coming yvears It cannot make up for
drastic cutbacks tn Federal money, Federal money for research, for
education, forstudent support. )

It 1~ important that those of us who are committed to sustaining

sctentific research, education. and training also support the institu-

< - -tional needs that permit the system to work. Such support should

' be linked to performance, not serve as a program of Federal subsi-

‘dies 1o universities as such 1 am thinking here of something analo-

gous to the management allowance that is paid to thdse institu-
tions that operate national laboratories for the Government

related. to the total amount of federally sponsored research under-
takenf/ $uch an allowance would permit much more flexible and ef-
tective fnanagement of the talented people, ranging from the busi-
ness officers and machinists to the senior scholars who make the
systerh work '
tralized system driven by competition the competitive project
grant method should be the core of the system) The introduction of
the understandable political need to distribute resources by some
standard of equity mmony regions and institutions rather than by
the “tandard ot a?lcntiﬁg excellence would be most unfortunate. in
my vtew  For thdt process can be carried out only, at the cost of
deciming qualith, espectally. 1 inust dmphasize, under circum-
stances of economic stress

For those ~vientific estabushménts such as the national laborato-
riew and we have four ot them under our jurisdicion—which are
menntaied on a less competative basis. the operating institutions,
togrether with the ~ponsoring agency, must be v.epared for the
nost rigarods serutiny In the large laboratories v University of
Cahtornid operates for DOE. we maintain a system of oversight

- Q ‘ Nl
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In my own nstitution we receive a great deal of private funding -

+ Such- an allowance could'be allocated according.to the schedule

» "o return to thequestion of how we assure excellence mn a decen-.




and scientific scrutiny that we are confident does a good<job~

quality control It has not been,easy, but I believe’it is work

Finally, I must say a word about the value of the’free flow of spf-
entific data and information that is so typical of American sciepe.
I am convinced that it is a necessary condition of our succe
the past year a controversy has developed within the Government; g .
between Government agencies and universities, that poses a seri- O
ous threat to this scientific openness. This controversy arises from ™~
a justifipble anxiety—and that word “justifiable” is used advised. e
ly—about the rapid technological agvances on the part of .this

/\country’s political adversaries and egonomic competitors.

As you are aware, university-bdsed science and educa‘ibn\are
open to foreign students and scholars, and American scholars arh
students frequently cooperate with institutions abroad. It is being
proposed, then, that export control regulations be revised and in-
terpreted to apply to various research activities in universities in
ways that would require restrictions on persons and papers—pub-
lished papers—that we cannot implement or accept. We believe
that to do/so would so inhibit and interfere with the conduct of re. .

. search and advanced teaching that its cost would far exceed any
benefit in terms of slowing the advance of other nations.

I believe there is a solution to this matter that would involve a
reasonable 'mix of some security classification, some immigration
control, and some good faith, ‘and I know that responsible officials
are working for such a solution. I hope that political rhetoric—on
either the universities’ or the Government’s side—will not destroy
this process. o ~

Let me sum up, I am encouraged by, the administration’s avowed

- policy of support for scientific research, but I'am concerned thsat, in
the process of cutting support for students and for research, serious
damage may be done to our sciéntific capacity.

Maintaining our ability _to educate the next generation of scien-
‘tists'and giving appropriate attention tg encouraging the work of
the current generation of scientisfs are bdth important. The Nation
needs a better and more orderly means of making science policy ]

- and planning for the future, one that is adapted to our pluralistic
system It must be capablé of providing guidance on reliability of
\§uQ§>qrt, on the mix of basic and applied research and developmen
on !Qbalance ‘among sources of support and performers of re-
search,”and the on the means to assure excellence a 1d pertinence -
of work. ™ . / .

The coun%’s\ scientific capacity needs predictable support that
provides for up-to-date equipment, adequate facilities,” and some
growth Finally, I believe that sustained excellence in science is of
the highest importance to_the Nation. ///

May I thank you again for_the oppottunity to appear before you?
I hope my remarks have bee\sh/\élpful, and I will be pleased to re-
spond to questions in dt&eou)rsé. .

Thank you, Mr. Chairman.

[The prepared-statement of Dr. Saxon-fellows:]

N
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Statement oF Dic Davin S Saxon, Prestent, UNiVERSITY 0F CALIFORNIA

L a= David Saxon, Prestdent of the Uniyérsity of California, wvhich with 1:"
nine cazpuses, five health sclences sch s,/ 150 organized research units, and
four naticnal laboratories, is a signiffcant part of the scientific capacity of
this country. My colleagues on the Board of kegen:s, the faculty, the adainistra-

tion and I are always conscious of our responsibui:y to help maintain the vitality

of the mticn s research cnpaci:v and to constantly renew it by educating young

people to becope fruitful members of the scientific and technical cozmunity. We L4
are 2iso comomitted to the use of this great capacity in the Service of our ovn
state and of the nation. Although the University is adequately supporced~—and .

even generously supported, speaking historically--by the State of Califomia, our
capacity qu scientific research and advanced scientific education {s utterly

dependen:{*icon:mued assistance from the federal government. It is from that
perspective :.‘m:AI vant to ‘sive you my vieus/on the co;\dition of scle

7 cultural and econoplic

endeavor of great cozplexity and strength and of x%ea: soc

value~-but an endeavor which is far from invuln e to dacage and decline. A
.

want to dw perspective of

elaistration of President Reagan. Specifically, I will

fiext decade and {n the contexz of the new

policles, coming from the

L
touch on the feotlowing points:

sthe lnpox:mce \nd vtility of the sclen:ific effort to the country;

exy concem about« sustainfng science in :his pexiod of xe:xenchnen:. -

sAgns of disruption in the scientific enterprise;

" ///.:he {zporrance of the.adugation of Ethe next generation of sclentists and engineers;
esupport by private enterprise; \ -
.appropriate level p/f support;’ \ . - —

1

7 N i
.:hg need for a national forum to develop gulding principles for scilence palicy;

sthe\need for 4 free flow of scientific information. / w

-\
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i az grateful to this committee for the opportunltys%,:lpelk to you today.
On December 10, my former colleague, G:orge Keyworth, Director of the Of}fce N
of Science and Technology Policy, said to this com=ittee: -
“The Reagan Ad=inistration places great value on our country's sclentific
. and technological strength. Supporting .uencf» is s necessity for sll
great nations, and certainly for the United Sctates. . Success id achieving
virtually all of our naticnsl goals for the 1980s—more vigoroys economic .
;rwth, enhanced national security, a strongdr comperitive pouizion in
world markets, better he-lth(znd qualicty of ufe for all our pecple——will
depend in large part on knowledge and technological developments which
can come only from scientific research. ) /
» &
"Sc%e is a crlt{}cul factor in detemir):lng our ability and readiness to . -
. }4: the problems of the unforeseeable furure. No one can tell at this
. i time what all tzhe proble:s of our .ocleti will be. But we can be sure that
nany of them will be tnextricably tied to science, and th-t our future
- problem—solvin;7capabil£ty will depend on the depth and breadth of our

sclentific knowledge, particularly upon the ty.pe of breakthrough that cowes

froa basic research.”

b I could not agree moXe with Dr. Keyworth's assessment of the " izmportance and

utility of che, scientific efforc of the country. I an gratified at his affirmacion . .

of the presdnt adminiscracion's high évaluatiod of the importancé of science and
.
technology., He went on to say that, "this Adninistration vie “basic rasearch as 4
[ ? [ LN 3 - ] v

8 vital investoent with goad return and believes that, as s contribution to o'veull

national security and ecomomic strength, we must m‘inuin health across the spectrum

of stience, strtvt’:; for excellence in all these fielda". I believe we can all P

B
agree with s»%y an assessment. / e b
Ea '
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. My concern arises froo y akepticism about whether, within irs’oxerall prograz,

. Y -
the Ad:inis:retim(ill succeed in sustaining science as a vital national effort or
whether, »y the wmintended side effect__,pbpolicies directed toward reducing the
relative size of the federa} 5ovem:=enr.,. so:e serious, costly, and even pemanent

dazage to acience uiil Tesult. o

It ia izportant to recember entific capacity, as developed

cver the past three or fot;r decades, ia an actooplishment unique in his.tory. Its
vigor and exzellence are sources of great natiomal pride f.nd strength., But it 1s
4 also icportant to appreciate th.a: American science today is troubled by some grave
= -, difficulties in terms of attracting enough new talent, obtaining required instru-
. sentation, and providing adequate facilities, These difficulties are exacerbated
by 9:11:1; and related national proble=ms, Among those problems are a national
industrial base that is plagued by obsolescence, capital shortages, financial
mcerufq}ie‘n and of course the nation's economic troubles generally.
We are.all well avare of the President's efforts to control the growth of
federal expenditures and indebtedneas, efﬁ:s which are intended to free resoutTes™

e - - e e

to stizulate the economy's productivity. We are now in a period of large reduction

-
in federal progra= budgets--a period that is expected to continue for a while yet.
»

At least in the short run, the econozy is in recession, a sf{tuation which nskes

v the President's taski.even more difficult, as revenues are reduced and money renalns— -

v v e ,expens!.ve. \levez.he1ess, the A\dninistr:t’fﬁl,gs,operanng 6n° :he exf)ec::ation that
its effores ugl,be«smfcessful, and that a surge in production will begin. Therefore,
C . K
" 1t seems to me particulerly unuise to Bake drastic% fUst those progracfs tha%
" -
as Dr, Keyvorth points out, aré vital to the ec,s:nomy's long term health. What I

have in mind is the maintenance of & vigoron:\s fundamental scientific capacity,

: e
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"ncluding as a critical element the capacity to e¥dcate you‘n; people ag scientf%sts,

engineers, and techaicians. I believe that for these reasoms resou:ces oust be

=ade available to assure the education of young scientists and to keep the cou-n:rv s

basic research effort vigorous. L

/ In short, it does not make sense to reduce the current :suppori of sclentifyc

- B . .

! research the results of which will be needed {n the future. ~It doe% not meke sense :
to reduce support that enables students to attend college, and particularly to
continue their studies as graduate students. It dees not- */ke sense to diminish
resources available for improvement of scientific education :'hroughout the school

/ svstea. It does not zake sense to izpose, by selective budget cutting, decisions

about vhat parts of the scientific endeavor should be supported without any con- "/
. - - -
Lsul:at:on or policy discussion. It does not make sense to force on the states e
H -
resppnsibili(y for expectations that they are wmable to peet. -
.C ~ g

Thus, from =y perspective there seem to be mixed stgns and po_t:gn:,_xy/k

Adzinistration policies .ffeg:ingis«cignce and teclix{olgg;, paruyy ﬁ, univer-
_s/iii’is.w_l,seertb”s‘e/e an A(!#ninis:ratim policy that makes/dmnds on science and
technologv without making available the resources nud’ed to meet those demands.
He'bers of this cozmittee are certainly aware of the 1mporunce of universities
in the performence of basic sclence }nﬁis countTY. For the past decade univer-
sities have consiste\ntly p}h{ahout half the basic research {n the nation. 8
.T'ney enploy about 403 0/111 scientists and ,engineers perforaing basic research,
) and nbout 7/0{6? the doctoral level basic research staff. A very large proportion
of tk}is/doctornl level research people are also engaged sinultmeously in teaching.
This system, uniquely Azertcan in character, has compiled a remarkable record

/ of preductivity, flexibility, and econoty. Ome reason for that is the wvay American

higher education relates so intimacely scfentific research to the-scientific and
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technical education of our students Universities provide an environzent of

intellectual_freedos infused witt a healthy ethos of competitfon and stizulated

v

by & resdv flow of young talent. Althgugh no one would want to claiz that it v
~
is perfect, particuiarly in the face of barriers that 3till sxist to the poor and -

ethnically disadvantaged, it is in principle an excellent system and in practice
. -
a good ome. Those who seek to support vigorous sclentific resesrch hsve an important
~
stike in the vitality of our educationsl systeno. ~
o

1 relli:e t‘fnf this committee does not have responsibility for most of the

fedenl govemunl s educational programs. But I am certain that you are mindf'ql,,,

of the tight connection between your -concernd “sbout Anerican science and technology
1 T

[— - dnd support for the education of our next generation of scientists and engineers.
1 auat say that actual and rumored tuts in the availability of finsncial aid,
particularly for graduste studen:s:is s matter that this cormittee cannot afford

- to ignore. The Gusranteed Student losn ptogan. s major source of support for

) graduate students, is critical to asintaining the vitality of our ldvam:ed education

e e =

1n the”lmedia;g_.ucu:e—— In 1980-81,-272GF the sraduate students a8t the University

~—
of California received support n :he GSL S)to;run. This money vwas 39% of all
f— — - ~

\ ‘1)111:1;1 aid going to graduste students th:t _year. I ‘cannot argue that the cost
of the\krcigrm should not be constrained in some reasonable way, particularly by
linkinrengibnigk:o some standard of need. But the ides of completely burring

’ . et
graduate atudents from eligibility is not & sound policy in the face of continued

national need for their education

enterprise and access o education. We have heard & grest desl in recent decades \ )

sdbout equal educational opportunity. The need tc\gssure eGual opportunity is s

- \ . -
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macter of simple justice. Byt there are practical  reasons as well. In this
era of intermatiosal coapeticion in the field of technical accowplishzent, in
the areas of defense and Jindustry, in sll aspects of seientific schieverent, we .

ccnno: afford to neglect any source of possible-talent. There is no doubt in

2y aind of the inpo,runce of guch milestones of legislacion as the GI Bil1, NDEA,

snd the Higher Education Act, all of vhich have nade enorsous contributions—to

oo~ the-quality of recent “generztions of scientists. Fedaral efforta in this areas.
are ex:renely inporthnt-

The izprovenen: of scientific and :e&m:cnl educstion in general is a much
0re {ntractable problea. Becsguse of comperition from industry, we gre facing
the dual problen in engineering of retsining faculty and sttracting nev srudents
{nto graduate school. We have decided at the University of C:lifor;\ia st cir-

— cun;mwes hnve_u‘d: itinecessnry to establish & higher salary ncal.e for engin
faculty as an {inftial vay To address this problem. But we must. also have aupport
for graduate studenta., I an happy to ;?rt that in Californis, and I know in
other stlte'l &s vell, governors and legislatures are becoming nttentive to the _

- great peed for inprovemt of education in science and mathevatics in elenentary
and secondaty schools. 83 vell as for improvedent {n technical training, engineering
education, and scientific education in colleges and universities. This {nterest is
being stimulated by a healthy competition to make various localities grerractive to
high technology fndustry. But the resources of theae atates sre also aevarely
lim{tad. It may be neither ‘vise nor possible for the nation to rely golely on
locsl efforts to accomplish naeded improvements. In my opinion, the federsl gov::m~
Went, {n cooperation with the states, should retain s substantial role {n encouraging
this sort of educational effort. .

While a broad educational base is important to :he ntren;th of acience, incan-

tives and 1nducc=enu to draw talented young people into scientific nsnrch are

o

— 162

Q o279 O~82——11

ERIC B

N ] —




158

|

5

En .
also necessary. Fellowship programs, of which the NSF Scienc e%ship is the

archetype, are extresely valuable and effective. 1 am encouraged td-hear of

proposals frot: other government agencies &s vell as from the private sec

o S ——
targeted fellowships vith stipends that are realistic for these times. I vas a

-
pleased that Congress was able to save the NSF program during the past budget year.\

N

1 urge this committee to give continued attention to the vitality of the NSF science ,
education effort. | .
Tha most ispotrtmt incentive for young people to pursue the rigors 9( s sci-
. ___entific educarion_is ghLmorJ_nds excitement _g{rt!\e scientific enterprise in
wiversity departments and laboratories. The éurrenc doubts cast upon the future
of science, on top of a decade of ups and dovns in federal funding, have to some
extent undermiped the morale of tha enterprise and ite—sttractivenesss —This situs=
tion {s to me the most slarming effec:',of the’ ‘confusion resulting from the present
i Administration's attitudes and per!@mnnce.’ The environment of uncertainty is

surely doing short terw damage. It cay very vell have severe long term consequences -

also. N Il
N *
- 4

At the University of C.litomh,’ we have been tTying to asscas Ehe pr[e/:en: and
prospective effects of the various proposed and enacted budgets affe’cting,"our
research suppor:{ In this ironment of uncertainty, the r;e-d to e&ubl(lsh some
guideposts is essential.” We need to plan and ve need to linit a8 be‘;t \vle\‘c“m \(h\e

unsettling and counter productive snxieties on the pert of faculty and graduate

studeots that may discourage theam.

.- ‘

Since the paasage of the continuing resolution of December, we u‘atixute that
.
our overall research support from federal agencies in FY 1982 may decline as much

as $25 ail¥ion in current dollars. In the face of inflation ve estimate that the
/ .

b
- !
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Lo
effective ducline In purchasing pover for research from FY 1981 to I"a 1982 1s {

10Z of our federal resesrch support. This {s the equivalept of $60 million in ‘ )

s ST Ty .
current dollars.
This sort of cut is obviously difffcult to desl with,” and'all the more becaule

it fa an sggregate of cthe net of various cuts and incresses. The resulting un-

certainty, and even turbulence, is substshtial. - *

Let me give you s few eilmples of what I mesn, At gne of our campuses there

~ 1s a project_supported by NASA due to expire st the end of January 1982. We sub-

nitted a propossl for renewal in the amount of $205,000. In November we were

asked to veduce the budget to $170,000. 1In January we were advised that funds

VY& O yet svailsble for renewsl. The principsl investigator was told by NASA

people that they were making every effortago provide funds. We were not, however, -
" able to get s sufficiently £{rm comnitment so that we could silow the

continue beyond January 31. Thus it was necessary to {ssue lay-off notices and

project to ‘

take steps to shut down. Two graduate students, g half-tioe post, doctoral physicist,. -

and other peopls were on the project payroll. .

1

In another exacple, & project from the National Institute of Child Health end

N
Developoent to study causes of dyslexis—a form of reading disubuuy-—-m‘ children
was abruptly-terminsted. Three years of dats which suggested significant sdvances

in scientific understanding of the disorder now cénnot be analyzed and reported,

Most of the menbers of the resesrch team, including an intemltionlll;"renomed ‘

invesgigator, sre seeking other positions. -

campus and in ways closely tied to departments there. The opersting funds for

the lsborstory have been reduced from sbout $133 million in FY 1981 to about $119




’ - . ,
: in cereer staff of 315, ezployess™ and-120 contrict—peopie— Panding I wucleat . 1
’ ¢ e, N

ph)mics 4s the ssoe “in gurfent <dollars and eroded.s_quvbscm:i;lly by inﬂation,-,v—t’l———.—’—;“"

R aad patcicuhrly the cost of elcctric power, Rasearch in life sciances, conservation, . ,:
. Tyt ) h
nuclear vaste canagement end geothernal ene:;y have all been teduced substaneially, - ——

mc loé_ to the laboyatory of highly skilled #nd long term ecployees is vaty dis-
v ‘ o ‘ '

. .
, - .
% turbing to morale. * . ! .. . e+ ]

3

14

None of these cases vill bring the ‘u-t{cn’s;;mific effort to a halt. . -

* But tbe cunuluive cost in vu:ed tine md effort, and espechuy in l:orue, is _ R =
—
enorzous. I do not think the cogury qm afford cuch wvaste, nor can i nfford /

the risk of discourl;ins young people. Unlesa ve thgnk clearly abouc the hurun

. .

1

dimensions of the szienéific enterprise, ve win continue to pemit ?r even to - l

e, ]

tnduce a dangerous loss Qf,gn:husim and uut’ivity. %dw\dljpmzb‘le Lo
e e +

- - b -

!

o the heslth. of-awmmtfic sctivities. S Y P

But 1: seens clear Lo oe :ha: we nuu qontinue to -pend zoney to support sctentific -

and l’ducuim 48 an invesinent 1n :he future. Horeovg:.__:theuLﬁo:‘ s T A

|

1

.

7-1

* - _ 1 dapor mean to Xpmn the- ﬂfﬂctﬂtfﬁm’&ﬁﬁ:"e’n"ﬁmﬂl of the country. - 1
|

§

|

|
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stabiliey \nd con:inuity in funding is profound. Qe nust usnu‘
v

q_m _our plufanstic systen, md to provide vays to gutde
- = ) i - -
=7 utwes courses of action. However eOno:ruang our present econontt circumstances -
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our confidence in the undérl

yiqg strenzth of our econozy. B

t\..—a———-a‘—‘aﬁenxc;}: m}wawmm: clypate, and the

. B _

—-t " space uLound ity ixy’gl:emlr techniquel, proceases: enosena,
e T . . ~

_A___:_,ﬁsuan‘ﬁ and creative -People. ‘They need to be confMent that these

———— S— “ 7

s —=Teq U Tefent s will, be :net. [ . s

-
_‘_ﬁf————"-“"""""me diversity an {Zecentnli;l:im of b\ur systen for c:rry\mg on s c
. X | : ’

.! research are of Mren;:h that should be protected the same t --

Yo e i ~_:ﬁ; T e
T e 9 ,|5€ naed-t Toothed ‘lmi coopmrtVe Tt to develop policies and Alan

——== = oI - - N ©

==\ for the ertain ve.; iahe e _elecents nnd principles of 8 national sc¥ence
b - S - M
-, v - Policy phoul - orkt “,cu: ik the panicipa‘uon of government, industry, and _

v 5 2 QH Geles. Yhe Nltl nal Commission on Research hls recor::ended a fotun thlt \\ -

‘ Wil gy ch‘de 411 Hes ited ins:!tutions. I support this tdea. V ne ciple

- e - - -
- —| . X R

(I -‘wfﬂre‘f§ EF support, e 1 lgd sope un € nix fupdacental

L e [

H s ncp and develepmen:. We' need & princlple to ;ulde_ps..tnf =
e o R - . - .
L——1" detem.nlng t ,___g__n —-eﬂ‘:rpir:ﬂ_'_c’e—of‘r‘seuch. We need neipl

< -

;:_’_A:JF&}/M%HU {ivate agencies o sustaip 41Vt support as
N _ - .
L —=Well 4s ba.l'ance azong performerN. Finalls and. 1x:pornn:, we need a principle
==t . - >
A IS _~th surcg that ex‘c'elggn S over geographiical and polftical considerstions.
- {,-— ; A e

2 ese prin ezs T Be x;}\:icu‘ rly urgent odn this tige o{
| i

25 7 wich the problazs
- ] ‘

- =)
are facing today.
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articularly basic teseuch.\h& is {ubious sbout what he ulll arbitrary

- .

0ch as a percentage of or vh“ever. .He\{s also dubioun about_the

/

;y md“:he\ae\s for 1:s\evuuu\an. I thin Eh{ng ‘ecphasizing

. level of qm.
‘«( the lppuencly ubi:nry characte; of suth s:‘:}da;ds, r:e_ directs It\t;;lt\i‘mt\;o\tl’l‘e\ - h j
/ ' vrong que‘?, o~ '\\\ ._ ' . T~ \\]
:/“' Pxe &g{u‘@evidmie thae !edeul nuppot: for basic acientific teselrch yields
! _work. of'—hi,&h : 13. ey ny—opinicn, the overall succesn of Aneri\a s scizn:ific )

—Encerprise. Scincé m :hiv coua:ry‘hu be

.xe:arknb\k‘éiucce\uful by my stagdards,

) o~

:e‘\of publ;hnuon\ and the 11

o

-~ = " and ccr:ainly by auch. indicn:o‘?t.fzt prizes,

e e

. Natioopal Sc:eme\{omdatim huve docn::en a\:he o SOIBSC\ence of ¢ equipent Sy

¢ 4

-— have ngt reacted a level of support :hntg h\teful. N .

>\ hope ’En the country ytm find a widy to Accept pruen: levels as -
\\\ \& ainizs bn\eune and to plag on a nge of resl growth of one “or twd percen: per
"\/\\"Q.r for thg ne;f: decade, as au) elte €o this comxittee by Dr. Frank Press. s
. a ;‘lw but steady rate of growth Azpruden: approach to the need to absorb new ~ . :
N N \ \ -
ooV N > j : ' .
~
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'tVestigllors and tv axlov Ior sose pred{ctable inc

in the cost of ‘instru-
Dehtation and equipment. 1 also agree 4R Dr. Press that government and acadexic

scleace should seex a co with'industry that would lead to {ncreased cooperaticn

that sector. I chink that soze fur:her :.:gndnen: of the tax laws
4
ish this purpose is desirable and proper, because I an confident that

[ ,/’, such cooperation 1 benefit the econoay sufficiently to Juscify zhat sort of ’
incestive. But ft ts very important that it be understood that support from private
,“ sources can never substitute for federal suppor:. In oy pwn institution, we
/ ) receive 2 great deal of private funding. We work’ very hard to obtain this necessary
§\/- =onev md»}ie ar: happy to get it, We are instituting ways to vwork even more closely /

"\n:h industzv to develop ;rea:u" ties in the coning years. We expect more contracts
and ::ore' woney ic the future. We expect somewhat more woney as a3 result of new
tax policies, although the actual effect of them appeara to be small, about 22

\reaur increase than would have been the case without them according o some -

esTizates | have seen. N \ - ’ )

L]
L our contacts with the privata sector in perspective. All our

research contracts, all our &, all the donations of equipment and fellowships

- and untestriczed funds from induscrial and their foundations asount to 5%

of our reseazch budget. That amount will not grov § 1y in coming years; it

N
I~ cannot aake up for drastic cutbacks in federal noney--fedenl a

swfcm
- ‘tederal @oney for education; and federal money for student support.

-

R ~ let De now say something about unfversities as complex institutipns that play

/
a central' role 1n :he organizacion and maintenance of scientific capacities. Until

‘recen:ly Dost universities could comt on steadily increasing enrollments. Enroll- -
’

sent growth brought resources from the states and from students, the latter with "

T :
AN e
N - .
. *




major assistance from the federal government. The rapid rstes of growth and of

o

resdurces cake it possible for research wmiversities to sustain their resesrch
capacity, st whst vas probably less than full costs ‘to federal sponsors. That
rapid growth is over. We in the wumiversities sre necessarily more attentive to

& N
#our costs in order to ksep solvent. This committse is swale of one symptod of-

this phenomencn: the incresaing controversy about indirect costs of federsl

/ resestch projects. It is important thst those of us who are comitted to sustaining
, .

' scientific resesrch, education and training support the institutional needs thst

’ pernit the systes to work. Such Support ahould be linked to perforzance, not

a . .

serve &3 a prograa of federal subsidies to universities as such. I an thinking

of something analogous to the mansgement allowance that is paid to those 1n|:1:\;-
tions that operate nstional laboratories for the governcent. Such an a‘flavn'nce '
could be allocated according to 2 schedule relsted to the t‘onl azount of feQennl;
opons9nd_:enlrc): undertaken. Such an allowance would persit much core flexible
and elhc:tve“mqa;;t 'ézt’ the talentéd pecple, rm;i:\g f‘m business officers and
machinists to sedior scholsrs, who make the system work.

To return to the question sbout hov‘ve lslure‘excellenc; 4in s decentrslized .
systen driven,by co::petltion’t the competitive project grant method should be the
core of the systegy. !ndividualn‘md institutions should, must, and csn cozpete -
for support, and the pattesw of support should reflect that comperition., I believe
that. any decline in quality is likely to be s result of .the introduction of the
understandable poli_tiul need to distribute resources by lme'ltand}rd of equity
aoong regions and institutions rsther than by the standard of |c1ent1fi;: excellence.
But ttxa-t process can be c/rtied out dnly at the cost of declining quality.

. For those scientific establishzents-such as the naticosl lsboratories, which

for good and sufficient reasons hsving to do with equipment costs or nlfsion -

.

’
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requirenents are malntsined un a less competitive basis, the operating inst{ty-
tioas gogether with the sponsoring agency zust be prepared for the most rigorous
sctu:kiny. Ip' the large laboratories the University of Califomia operates for
DOL ve zajhitain a system of oversight and scientific scrutiny that we are quite
confident does & good Job of quality control. It has not been easy, but it {s

working. P

P

. Finally, 1 must say 3 word about the value of -the free flav of s&ientific

dau and information that is so zypical of Azerican :cienca. Together vith the
* principle of competitica, it is a fundamental chanc:eriszic of dasic sciénce in

the Unfted States. I a2 convinced that it s a necessary condition of our success.

- h.ln the past year a conr.roversy has dcv;l:bg:\iwi:hin the gavemnen:, and between

govemeent agencies and universi:ies, :hat’.o,)cges a ser;ous :hrn: to ﬂus scien:ific
\ R op«mua. This ccg:roversy arises frop Jus:ifhble Anxiety'ibcdé :he rapid :gghno-
logical advmces on the part of this country’s pou:ical a&versl:ics and econonic .

co:xpeti:orl. As 2 result, sooe people within the Ad:iniun:ion have ugued fér-: .

i W ke
sthc:er control of the ' expor: » in quotaticn ‘_gks. of :tchnical data. - As yo:x

are ware. univorsu?;ﬁ-sed science and education is open to foreim students and
scholars.* And American Scholars and students frequently cooperate with {nstitutions

abroad. ' , -

¢ . -
It is being proposed, then, that expo!.! control regulations be revised and
.
in:erpre:ed to apply to various research gcrivities in universities in vays that
would’ require restrictions on persons and papers that we cannot ipplement or accept.

Ve believe that to do so would so {nhibit and interfere vi!h the conduct of research

and advmced teaching that its cost would far exceed any benefit. terns of slowing

-

the advance of other nsticas. 1 believe':hore is a soluticn to thia matter-thag

(P4

e ‘
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ive 8 reaschable mix of sowe security .clsssification/ some imi;?;qon

fatth. I know that responsible officlals sre working for

, e
To sum vp: I a= enc\au:lged by the Administration's avoved policy of support

.
for sggentific ;esearch but I im conc.med that in the procfi: of cutting support

|
|
}
- such a solutiem. /1 bq\pi that political rhetoric will not destroy this process. )

- £or studeats and for research :eriou: d\m;e oay be done :o our scientific capscity.
Maiztaining our ability to educate the next generatdon of scientists and sivins 1
sppropriate attention to encouraging the work of the current gSenerstion og scientists ‘

are both important. The nation needs a better and wore orderly oeans of making

scisnce policy and planning for :hetfumre, one that {s sdopted to our plurslistic

eliability of support; on

El
systen. It tust be capable of providing guidance on
« )

P, /‘,/ the gix of basic and applied research and develop , on the balance =ong sources

of ‘support and performers; aand on the mesns to sagure excellence tnd pertinence of -
’ /

.. work. The cowmntry's scientific capacity needs predictable support that provides -

for up to date equipmeht, adequate hcilizien,’imd some grovtheg Finally, I believe
. - \

5

. ~ Lo L L e . ” y
. that 'sustained excellence in,science is of tiie highest importance. \

Tha‘nk you sgain for this opportunity. I hope 1:; remarks have been helpful to

the comittee, I will be hnppy/éo respond to any questions. (

o ! 7 /
R | ~




167

Mr FuqQua Thank you very much, Dr. Saxon. We appreciate
your testimony this morning. If it i agreeable with your time
schedule, we will hear the other two witnesses, You may remain at
the table, if you would like.

Dr. Saxon. Thank you ‘

Mr Fuqpa Our next witness will be David Webb, vice president
for policyAnd regulatory affairs for the Gas Research Institute.

Dave:we are happy to have you here this morning, and we will
be pleased to hear your testimony. If you desire to make your state-
ment a part of the record, it will be inserted. If you wish to summa-
rize, that will be perfectly permissible. )

(The biographical sketch of Mr. Webb follows:]

- - —
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. o 8iographical Summary
Davia O, webb
: vice Presigent C
Policy ang Regulatory Affairs
o Gas Research Institute .
- 1019 19th Street, N.W.
Suite 910
washington, 0.C. 20036
» .
Eaccation
1962 Texas Technology University
‘8.5, in Petroleum Engineering, Mathematics Mmor
} 1963-1965 =~ ~ University of Hawaii
* = 18 credits, Business Management .
Experience " - ;‘
September 1977 s 3 .
to Present vice President, Policy and Requlatory Affairs, Gas Research
Institute. Responsible for GRI's overall operations in
. washington. Primary areas of responsibility include s
: - strategic analysis and energy forecasting and coordination

of GRI's interface with the Oepartment of Energy, the
fegeral Enmergy Regulatory Commission, and other federal
¢ agencies in regarg-to joint programs and formulation of
research policy. Provides testimony before Congress and
briefings to congressional staffs on GRI's research
programs. e .

May 1977 to .

September 1577 Senior Director, Energy ReSearch Centers, U.S. Energy
Research ana Development Administration, Coordinated the
overall program planning and research activities of the
five Fossil Energy Research Centers. T7hese five can&ers
employed 1,100 government personnel and had an annua
operating budget of $50 million.

May 1975 to .
May 1577 Assistant Darector, Conqressional Liaison for Fossil
Energy, U.5. Energy Research and Development .
Kom%n{stration. Servea as the central contact for the
review and coordination of all congressional activities.
involving the Fossil Energy Program which consisted of six
- line divisions with an annual budget of $800 million.
! Interfaced with six mgjor committees and ten subcommittees,

ERIC .
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STATEMENT OF DAVID WEBB, VICE PRESIDENT, POLICY AND
REGULATORY  AFFAIRS,  GAS  RESEARCH  INSTITUTE
WASHINGTON, D.C. T

Mr WeBs Thank you. Mr Chairman and members of the com-
mittee ! .

I would hke to request permussion to insert my complete state-
ment in the record In recognition of the time constraints, I will try

. to summarize this morning, so that you can get on to the other wit- -
nesses gnd the questions and answers,

Mr Frqua. Thank you §

Mr Wess I am David Webb, vice president of the Gas Research
Institute. which is an independent, not-for-profit. scientific research
organization created by the gas industry in 1976 to plan, finance,
and manage an expanded and coordinateq gas-related research pro-
gram for the gas \pdustry and its ratepayers.

The Gas Research Institute does not conduct the #ctual research

- ‘tself] it is not a Government contractor but, rathe¥, manages and
finances reSearchconducted_by research organizations. Many of
these projects are cooperatively funded by the industrial performer,
by Government agencies, or by State agencies.

In 1981 tHe™Gmas Research Institute funded approximately $65.5
million of gas-related research In addition, through cooperative
programs we had with other Federal agencies, our industrial per-
formefs. and some of the State agencies, we had nearly $100 mil- e
lion of cooperative research, for a total program of approximately
3165 million ' ( .

I 'am pleased to appear here today, Mf. Chairman, to present my .
~iews on the need for the long-term high-risk Federal research pro-
gram. and T would like to say right at the outset that much of the
new emphasis on letting the market determine the introduction of
new €Nergy sources and technologies is basically sound. Also, the
concept of having industry fund the near-term research and final
technology demansteations prior to commercialization, is correct,
since only industry can effectively introduce new products into the
marketplace. .

Therefore. I think the shift iri the emphasis'is correct. However,

I think the abrupt change from the past Federal energy research
policy und the time frame in which they are trying to make the -
transition is too short, for the simple reason that all industries and
all'segments of the energy industry cannot respond in the same
amount of time. ‘ T

In setting R & D priorities and establishing your policies and
funding of the Federal Government, there needs to be a recognition
of the different response capabilities of the different segments of
the energy industry.

Reports that the Government will essentially eliminate all fossil
energy and gas-related research in fiscal year 1983, even the long-
term high-risk research. is of serious concern to the gas industry”
and GRI Not only i$ this a reversal from the stated policy of con-
tinuing to fund long-term research that industry will not fund due’
to market incentives, but I think it is also extremely shortsighted
and not in the national interest. .

Regardless of the changes that take place between now and the

vear 2000, fossil energy will still be delivering somewhere between
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80 and 75 percent of the energy delivered in this Nation. So*I do
not think it s a correct focus tv say that the Federal Government
has no role in long-term research of fossil energy. [

Also, over the past 3 years we have been very successful in re-
duving the level of ofl fmports due to ruel switching in the industri-
al sector primarily to gas=and coal in the place of i aported oil,
Without a long-term research base to transition the s pplemental
supphes that are going to be required between now a d the year
2000, there is a potential for a revessal in this very q‘ncouraging
trend we have observed. . !

The most recent Federal projections of gas supply apd demand
are anywhere {rom 6 to 8 trillion cubic feet, or the equivalent of 4
mullion barre . a day, of supplemental sources of gas required to
meet the demand. These supplemental sources require a technology
..~ base that is different from that of producing just conventional gas
It also mvolves in many cases conversion processes, which in turn
take a technology base that does not heretofore exist in the tradi-
tional production ofgas and its use in industry. \

Before I discuss my perception on the proper Federal role in R. &
D. and make recommendations in response to your request of sug-
gestions for setting priorities for future Federal support of R. & D,
[ would like to outline briefly the technology status of the gas in-
dustry, & very brief history and background of how the gas indus-
L - try ie trying to respond to the new Federal policies, and try to use

that as an illustration of why the regulated segments of the energy
industry need a transition period-in order to absorb much of the
. research the Government is proposing to drop or abandon.

The gas industry does not have in place an established, aggres-

sive technology base with a large supporting infrastructure, yet
_ this technology base is essential if gas is to continue to play a
“major role in meeting the Nation’s energy demands.

Why does gas not have a major technology base in place” After
tmld War II, when the major pipeline systems and the
distributio tems in this country were in place, gas was regulat-

~—sdand it was cheaper_than other supplies of energy. The produc-
- tion of gas was by the oil_companies, and therefore there was not a
need for R. & D. We had abundant cheap supplies of energy.

Starting in the late sixties and the early seventies there was a
recognition that traditional cheap supplies of gas were beginning to
be depleted and that different supplemental sources of gas would
have to be developed. So the gas industry’s development of a tech-
nology base only started in abdut the late sixties or early seventies

‘It was very small and fragmented due to regulation at both the
Federal and the State levels and due to the fact that the industry
was not vertically integrated since it did not produce its own
supply source.

These factors tended to limit the technology base that was in
place at the start of the seventies. Naturally, these factors do not
result in the best climate for aggressive investments in R. & D.

In the regulated segments of the energy industry, it is difficult
enough to earn an allowed rate of return, let alone put equity earn-
ings in further jeopardy by placing sybstantial investments in R D.
&%., which,-if they fail, might be"considered imprudent or which
might be ruled as an unallowable expense.
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JThere v no oftsetting potential to increase earnings due to suc-
cessful R & D. since the benefits of successful utility research
must,“ayentually be passed on to’the ratepayers, not to the stock-
holders, because of the regulatory limits on rate of return. So es-
sentially what you have 1s a climate that is not conducive to R.D. &
D 1 the industry. ) .

The Federal Power Commission, through hearings in the early
seventies, put out a rulemaking in 1976, Federal Power Commus-
ston Order No 566, which was an accounting procedure designed to
stimulate RD & D. by the gas and electric industries to conduct
more research The gas industry, through the assistancy’of the two
major trade associations, the American Gas Association and the In-
terstate Natural Gas Association of America, responded to this in-
centive and established the Gas Research Institute, which was to
be the research arm of the gas industry.

 Part of the eriginal charter of the Gas Research Institute, under
the expanding Federal Government's role in enérgy policy and re-
search funding and as required by the Federal Energy Regulatory
Commission which annually reviews our application, was to coordi-
nate our program with that of the Federal effort. GRI has placed a
high priority on coordinating our program in areas of mutual inter-.
est We actually do much cofunding with the Department of -

~ Energy and other Federal agencies involved in energy research.

’ - The Gas Rescarch -tmSfitute’s cofunding with Government as

grown from a-level of approximately $25 million mn 1977 to a
--planined level of approximmately $86 million in 1982. At the same

time the amount of coordinated funding from industrial partici-

ants in the research program has grown from a leve) of approxi-
n\ately $2 5 million 1n 1977 to a level of approximately $34 million
in 1981 We think this 1s a healthy trend. We think it allows us not
only to maximize the ratepavers’ dollars in doing cooperative re-
search. butnt also allows us to involve, particularly in the case of
manufactunng cofunding, the people who actually have to intro-
duce the product into the marketplace. -

The Reagan administration’s propused change in .the philosophy
and the er{éphzms on funding of energy R.D. & D. does cause some
problems /Primarily. the Gas Research Institute and the gastindus-
try have/ concentrated un cofunding with the Department of
Energy . .

Part of the overall program developed for the gas industry -
volves lapge amounts of cofunding Therefore, a sudden cutback of
the Department of Energy's gasrelated research requires a subs
stantial [change in the strategy of the Gas Research lnstitute, be-
vauze eofunding with DOE has been a major part of the overall
scope of the program. Therefore, a change in emphasis or size of
the DOE budget, whether an increase or a decrease, plays a major
role not only in determining future budgets of the Gas Research In-
stitute/but alsa'the capability to fund the tec}ology for the gas
industfy : -

n example of the sudden change that is vceurring, gas-relat-

earch appropriated by Congress in fiscal year 1981 was ap;

! proximately 3330 mullion. In fiscal year 19582 the amount of fun
apprypriated tor gas-related research was approximately $158 mil-
hon. jor a reduction essentially of $172 mullion. Projections for fiscal

“
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year 1988 indwate another significant reduction in this area, per-
haps to the level of only $20 million or $30 million, or eSSen?r‘rHy a |
terpn%k@‘uon of long-term gas-related research. |

In response to these initiatives, the Gas Research Institute and
the gas industry, working with our board of directors, last summer )
modified our strategy for cofunding with the Department of Energy
and adopted the following overall guidelines for trying to deter-
mine our future-budgets Essentially, the Gas Research Institute
was instructed to assume a more effective leadership role in gas-
related R.D. & D.. especially in the near-term research areas that
were definitely in the consumer interest and could achieve a rea-
sonable payback for the ratepayer.

We were also instructed to continue to seek cofunding with the
Department of Energy on long-term research projects, and we were
encouraged to increase our already extensive efforts to obtain in-
creased -cofunding from industry. .

Finally, we, were told to,yeevaluate our 1983 budget that had
been submitted as part of ouf_Zyear plan to the Federal Energy
Regulatory Commission and, ﬁf?\gecessary, to recommend to our .
lgu(:ird for propusal to the FER;C? ifn 1983an increased amd vevised . 7

' udget. . i v
‘ In respynise to these initiatives; the Gas Research Institute’ has .
reevaluated its 1983 budget, and instead of proposing a research
budget of $107.5 million, as was projected by our 5-year plan to the
FERC, we are proposing an R. & D. budget of approximately $120
million 1n 1983 for approval by the Federal Energy Regulatory
~ Commussion. However, it should be notedithat this increase is to
. pick. up near-term research efforts where the Department of
\ Energy has decided to terminate programs. It does not provide the
| long-term research and technology base we feel will be required
| Specific increases in our 1983 program we will be proposing are
in the areas of unconventional gas, where we are nearly doubling
the budget from 310 million to a little over $18 million. We have -+
pruposed tu increase our funding in regional and land biomass
areas from $3 million to $5.6 million, and we are making signifi-
cant increases in the areas of gas appliances, gas heat pumps, and
onsite fuel cell systems, all of which fall in the category, we feel, of
the near-term research that the industry should try to fund under
the philosophy of this administration. : .

.One additional area we are significantly increasing research
funding s industrial utilization, where we think there is a tremen-
dous vppurtunity tv increase the efficiency of gas-using processes in
the industrial sector. C )

However, in establishing Federal energy R.D. & D. policies, I
would hike to read a very brief excerpt from the Energy Research
Advisory Board report on Federal energy R=& D. priorities dated”
November 1981. I think this is important. They have done very
well 1n recognizing the response times of°the different sectors of

the energy industry.
Q .1t I could. I would read from their report at this time: .
.The new policy recognizes that private industry cannot be expected to do basic
energy research or projects of lung-term high-risk character, but there are other cir
curnstances in which it would be unrealistic to expect timely and effective assump-

uun by ndustry of R&D responsibilities abandoned by the Government, however
. . .
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g .
worthy the projects invulved and despite the provisions of new generous tax tncen-
tives Some Of these circumstances ure discussed below Somel of the markets in
which energy is sold‘are not free Oil and gas are the exceptioris A Iittle over half
our primary energy finds its way to consumers through the electjric and gas utilities,
and the*utilities are regulated, pricecontroled industries selling their products not
at free market prices but at contraled prices well below replacenient cost

On further they say:

Both these regulated industries have weak incentives to spend on R&D. If success-
ful, the benefits go to 1he ratepayer [f unsuccessful, the expenditures will be disal- _
lowed as ymprudent .

I think the recognition of this factor is important in determining
the transitions required as the Federal Government drops research -
in the fossil energy areas and expects industry to pick it up.

It seems to me that the committee, in establis ing energy R. &
D priorities consistent with the administration’s policy of concen-
trating its funding on long-term high-risk research, should consider ,
the following basic principles: .

In times of constrained budgets, the research should have a na- -
tional benefit, if successful.- By that, I mean either the sresource
base or the potential of the particular process is of such a magni-
tude that jt in fact could truly have a national impact,

Second, I think that the basic Federal policy; of funding only
‘long-term high-risk energy R. & D must be applied consistently to
all sectors. If you expect industry to respond to increase their fund-
ing for the near term, then I think there has to be a relativ ly
even-}}:zmded approach to how you fund Federal money for ?‘e-
search. = «.; - . ,

The benefits of the research should be such that they cannot be
captured by an individual firm If you are going to use Federal dol-
lars to fund the research, you ought to be producing broad, generic
type of information that can be applied across a broad spectrum, so
the economic rate of that particular research cannot be captured
by an individual firm_If it can'be captured by an individual firm,
it seems to me the firm ought to/fund that reséarch if it is worth
doing. ' . -

The research should have significant cofun ing—and by that I
mean actual investment dollars—by industrial partners before any
technology will be developed on the large pilotf lant scale. I think
part -of the problem in the past with Federgf funding of fossil
energy research particularly is cofunding in many cases was i .
kind and it did not involve actual cash commitments of the indus-
trial partner. o e

The unique disincentives for the regulated industries to fund R. .
& D should be recognized in any, transition period. If you use those v
principles in establishing the priorities, then my recommendations
for Federal R & D priorities*in the future would be that.the Gov-

" ernment should concentrate on.long-term high-risk research.
It should continue long-term fossil energy research that is high /
.risk and involves large resources, continue long-term generic-re-
search and efficient utilization of enefgy, concentrate on research ;-
that develops generic data which can be applied.by a broad sector /.
of the industry, and it ought to allocate research dollars in some /
relationship to the potential contribution of eitflfer the resource or /

the technology. . . i -t /
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Y Mr. Chairman and Membeks of the Committee: \ .

. ™\ I am Davia webb, Vick Presigent of the Gag Resgamh\lnstl-t'ute RI),
C an '\mege.r'x\qeat not- fo:-prcfxt “seivagific resea o Io rfated‘_

5y the gas 160LStry 1n 1)976 to plan, findrge, apa, mansge an exparited ‘and

\g‘fcmm‘atec yas-related research ang development (R&D).Qr am for the

R&D work Ltsed

. N
enefiv of the gas industry and its ratepayersi\ GRI .comigcts no
. -

S

it contracts with other organizations to cons
~ -
-~

resean.n projecis. Mai f these pruleﬁts are cooperatively funded by

the mcustxial performer, gover t agencies, o;’?tate agencies\. GRI
vecare fully c‘ﬁ'?:amlmal in 1978, and_todpy. {ts membership consists of

197 1imvestpr-owned ano p&bﬁcly omgo .amtés\;nich transpart and ) )
uim&r@s in interstate anc ini”rast;t rce.  In 1982 GRI will o
ﬂ.nc approxmately $64 million of gas-‘relateo \Edsarch which is a ,,
significant mcrease over the 1981 research b\tidget 5} ~-’ illion. ’
Awitmnally, approximately 5100 millmn oﬁiederal and ial

\c\erative funo\§ were obtaineu in 1981 for a total © “oo:q.inated prosal
) of 5165 mitilon. GRI plans to increase its funding of near-term research\ N

R1{83 by seeking app of an Rw buuget of approximate}y S
SlZﬁ% *on, again a major mcreas $36 million over the approved .

dget. _however, based on recent ‘projections of .-

federal.funding for gas research, the amount of = °
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1 am pleased tc; appear before you tooay to b}{mx my views on the
continuing neea for a long-temm, M%rfs#irf,weral research progran on
supplemental gas supplies and more eff;crent utilization of gas by
eng-users. Let me say rign't at, t.he outset that much of the new emphasis
on letting the market detgmne p;grmtromction of flew energy sources
ana tecmologies\is basically somo', Also, the concept of having )
incustry fuda the near-term resear't“f\ and final technology démonstratrons
prisr to ccrmercializatim is the correct approach since only industry
can effectively introouce new prooucts into the market. The shift in
' emphasis is correr:t, but it is such an abrupt change from past federal
~ energy research policy that ft _@111 require an orderly transition if
‘ Eritical research projects are to cgtinue under 1ndustry sponsorship.
\\\ Therefore, reports that the goverrment will essentially eliminate all
i‘ossi.L energy and gas-relatea research in FY 1983, even long-term,
o Noh-risk research, is of serious concern to the gas inoustry and GRI.
h Not only would this be a reversal of the governmenl;,':s stated policy of

N

.. continuing to fund-long-term reseagch that industry will not fund due to

oo

market incer’mtives, but it also would be ext.remely shortsighteo anag not 1in

the national interest. As an illustration of the potent2al nationgl

act of such g policy whl@:\h fails to provide the resources necessary
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precapiisty of fuel switching is very, large. The magnituce of fuel
-
h switching cgulo result in a large increase in o1l imports of between

three to five million parrels per cay. - Therefore, there is a gominant

: . paticnai issue 1n getermining the proper fegeral energy policy in

pas-relatec reseqrcn to ensure contmueo recuction in oil ;mports
R

-

4 N U S, Cas Supply By Source

1CF /Y enr
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i sefore 1 discuss my perception of the proper feoga\’role in R&D ana
make recommengations on how to set priorities for airect federal support

. of A4D anc how to provice a greater measurgeS stabilify to the RD
planning and bucgeting process, I would 1{ke to outline the major
technology base neeas o‘f .the gas inaustry, he cprrent status of the
funoing of a gas technology base, and the gas industry response to the
new shift in feceral ener)qy poiicy.T/his background is important in .

uncerstanaing ana oetermxmpg the proper federal R&D priomties ana,
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Technology Neeus of Gas: Industry, . ; -
Tne ey -element L0 consicer in cetermining gas technology needs--ang -
rence future R&D oirectlons--xs the snnnkmg cest acvantage of natural
gas feiative 1o cotwetltxve energy sm;rces-»-prxmarxly electricity ana
cil.  In tre sumplest temms, tnis changing conaition makes it imperative
TS :mprove gas enc-use efficiepcies in ways which take advantage of the
s:..pemoi characteristics of methane as a fuel. 'lmproveo technology 1s ,
50 neecec to minimize rising equipment costs and to gevelop new soulces
of metnane at the lowest cost.
The pest answer to I1sing energy copts ang the shrinking cost
?Tcwntage of gas 1s a strong tecnmlogxc.al response. No one wants
continuation of externally imposed market oistortions, be they in favor
of gas, electricity, oil, coal, or renewables. First ang foremost among
neegec tecnns,, ogical responses is the gevelopment of eno-use appliances
ang eqmpment that woulo allow gas to compete with other energy forms on,
the pasis of the total energy service cﬁ to the user. This means
Heac-to-heac competition of gas with electricity, oil, ang coal in a
myriag of resicential, comnexmal. ang 1ngustrial applications.
In tre longer temm, as larger'proportions of gas supplys«come fromnew
ano increasingly ‘costly supplemental sources, the whole infrastructure of
EneIgy enc-use may change. * The ma‘]o"r' 1ssue will be total electrification *
. VersuS contlnuec airect use of gas, oi1l, and coal. A cratical subissue
will be electrlflcatlon v1a central station power supply, presumably ’
coal- ana nuclear-fueleo, versus electrif;catmn via cecentralizeo

" cogenerat ion systems. If the latter shoulo,ga:tn an ecopomic advantage,
gasecus fuels coula again play a central role because of the relative
ease of transporting, storing, and using them in an envirormental ly
acceptable fashion, ‘Tms. then, may pe the eca of fuel cells, advanceg

comoineo-cycle systems, ano all the other technologies which so greatly

El{fc; B 184 '
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erparce the erficlency of eneryy wunversiun and use by providing both

-

elgcv.:zc‘.:y Qr snaft horsepower and heat on site. ‘
¥, yiew, then, of urportant R&D cirections ana needs in gas R&D
beg.is w1lh rear-term cevelopments 1n efficient utilization. wWithout

wmprovea gas efficlency 1n nighiy competitlve markets, the consumer

%

cannot denefit from an appllance/that'aten costs more unless-it offers
o+

fues or cost-of-operation saving, over a comparable electric mocel.

%

EFFICIENT UTILIZATICN

- - .
In the resicential/commercial gas market, the major factor that

.

arives the neec for improved technology is the ratio of delivered

Tooay, the ratio is approximately 4:1 on a national average, but it could
fall to about 2:1 oy the year 2000. Given this, a conventional gas
fulnace with electric air conaltioning would lose its competitive price

|
|
|
|
|
|
|
1
electricity prices to celivered gas prices on an equivalent Btu basis.
advantage to a standard electric heat pump sometime between 1985 and 1990 '

in many tegigns of the U.S.

As far as the ingustrial gas market 1s cofcerned, security of supply,
L]

as well as competltlve energy prices anc the actual cost of the deliverea
‘ energy services, are the critical factors in assessing the future role of

gas anc 1n geterminlng the neeo for new, more efficient end-use \~

technologles. Several price projections for the inoustrial energy market

still seem to favor gas over residual oil. However, an excessive flyup -
of natural gas wellheag prices upon decontrol, even over a limitea perioa
\wmle unrealistic contract provisions are being renegofiated, could lead
A A

to permarent displacement of gas with imported oil in relatively ,

N “\

low-techpolegy heat energy application_s.

1 have empnasized the end-use of gas up to this point; it is because’

of the necesslty, in tne short tem, of providing least service cost

options to consumers in a critical period of escalating gas prices.

ERIC . .

g .




1 wiii not 1grore the swply sice of fgas R&D; 1n fact, 1t is critical to o

ureerstaraing tne girecticns anc s of gas R&D overall ang thd proper

. . *
feceral relie. , 3

AMCNG Lhe-many gas supply Cprions, several show special promise to

Jvercome competitive energy sefvice cost pressures. for example, the

- cepencent that, they profige some of the most attractive targets for R&D
initiatives. (cal

supply cptaon.

TS SLPPLY IN THE LONG RAMGE . - )
Tne picture 1is quite cifferent_for the longer jange. » Key targets for

major R&D 1nvestments are land- ang marine-basec biomass proguctisn ang

corversicn, Mot only 1s bigmass a Creoxt;le option for long-term energy -

J——
swpply throughcut the world, 1t 1s ajso a critical heafe technology in

~ase the coal cptien cannot oe’fully exploited because of the carbon ,
.
J10x1ce proplem ang 1n case thé nuclear option continues to falter L
vecause of sccio-paliticsl, cperatibnal OI economiC reasons. Our own
Jreceht exper.\ence with the agrmultural moustry of Floli0a points ta the

T aossiblhty' of rqtation of foog ang energy Crops and other schemes that f

-'*‘\ .
LRIt S ]

co not ccxnpromzée fooo _praouction. Tne potentaal of biomass R&D is
N of
Staggering when one‘considers the work still to be gone in hybrigs ang
.
genetic engineering, 1er€ialone 1n the agricultural sciences, anc on the

Boonumie cevescpment of anaerobic aigestion technology.*
g

- ‘
s

P
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Sti.. falthed .nto the futute liles tne possibility of nearly endless
supL.ies ST Tetnans Trom ceep 1n tne egrth.  If Tnomas Golo aro others
WU afB TRad.IlNG Lre cecuITence arc magnituce cf methane seeps from

teClur il Tausls afe CCIIECt, trere may De ENCIMOLS aMCunts of methane .

Sto.. avBllal.e ¢ uLS as a legacy !Iom tre wartn's Creaticn. Vvery few \\\

»
-

SBL.TLIoTS "Ow Cery The existencé®l abicgenic methane; the lssues are
1ls Sudntlly anG econom.c recovery. The 1mpl;ca£}ons cf this hypcthesis,
FLagvel, alr SO eraTmiLs FOI the long-term supply of gas that tne theory
merUs Lo € vdiliUslEC oI Slsprovec. lnvestigations of equally long-range
TeLPRCLoL1eS 10 Jethane and heat energy Trecovery from geopressdreo -
“Tales, re;ovcry of methane tIom wigespread nyuﬁﬁﬁé-ceposxts, ang water
. GeLunpbsxgig‘ te nyoIcgen Dy thermal anc pnotochemiGal mewQs shoulo pe
couplec with tnese studies.
%

This Li.ustrates that the 1sste 1s not geterming legitimate ateas of
wng-tem, nigh-risk, géglfélatEoAqesearcn. Rather the problem is to
cetine tre proﬂ%r fecer%l long-term R&D role and to stabilize plamning
anc tunoing sO that the gas lnoustry can concentrate on funging ana - .
Mdraglrg an expancec research program in near-term research as a true
Oartrer with goverrment.

. ' -

nistory of was Incustry Techroicgy Base

Tne gas incustiry cces not have in place an establisheo aggressive
tecnroicgy base witn a Large supporL_ngudnfrastructure. yet this
technoLogy Lase 1s essentlal 1f gas 1s to continue to play a major role
15 meeting tne natxoh's'energy gemand. The uncertainty of the impact of
gas-procuces price deregulation, tpe gas transMission ang gistribution
LLustoy 's Lalk ur control cver the Quantlty anc price of gas, the
Cui Liluadly 1M ala b o P LECTILC vEIsUS NON-glectric government fmo).ng

¢t Wi, tPE L1MileC Gas R& maIketing efforts by large manuracturers of
.
|
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Aruitoxt provided by Eic: .




183
energy service equipment, ;no the recent sharp arop ip federal gas R&D
represent sxgnxfx}:ant irpediments to establishing the techr{ology base
fequired ror the most effective yse of gas in the U.S.'energy mix. A
wile Tange of gas inoustry responses will be necessary. . The gas mdustrly
nas tegun an aggressive R&D program, but it is still behing its

,LOMpet1tors 1n the cvevelopment of a sounc technology. base.

RISTORY OF GAS R&D . .

A prief review of the history that has lea to this situation is
instructive in cetermining the proper fegeral role in erelopmg a sounc
tecnnology base for gas. After the growth of interstate pipelihe systems :
mace natural gas available in nearly all parts of the United@ States
following worio war II, the gas 1noustry haa relatively nttle-neeo to
invest 1n R&D. Supply was ample ano ungerpriced in comparison to most .
C(‘mpentive energy sources and was largely the responsibility of entities
fot part or tne regulated transmission and aistribution segments of the
gas incustry. The major techmological issues falling unger the
Jurisoactien of tnese/'regulateo segments concerned peak loao~ supply and

seasonal storage; a number of problems concerning tke cbst, efficiency,

relianality, ana sav‘e/ty oF gistribution and transmission operations; and

the safety of gas-using equipment ana appliances. A total of only

something on the orger of 0.1 percent of gross revenues was spent by the
transmission and oistribution companies for R&D in these areas ang on a .

.

Tew longer range supply and utilization options such as coal

gasificatiq}w, hyorogen, ana fuel tells. As elec‘tric competition 1;1 the
resigential/commercial market grewy the gas ingustry began to recognize
the neea for a greétly expanged technology base.

However, compared to its major competitors,v the petroleum ano

electnic incustries, the gas industry hag limiteo resources ana

Aruitoxt provided by Eic:
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capabjlities tu respong rapiuly tu this challenge. Multilayerea
regu.ation, tne relatively small size of 1ndivicyal corporat® units, and
the citfering interests of the generally indepengent.prociction,
transmission ani: gisxibution seg;n‘eﬁts limiteg the business 1ncentives
ano cppurtunities for major R&D investmernts. ~Moreover, feceral subsicies
aval.iaple for cgyelopment ana ccmemlahz;iuon uf “new gas technologles
1in the form of\;*esea‘rcn,i gevelcpment and demonstratiBn (RO&D) conoucted '
10 governrent facilities or SponsorTeo by government agenclies, and 1in the
tom of grants ang other financial int?entives funded through general ‘
reverues, were small when compareg t;) those available to other energy
seLturs. Ana finally, unlike their electric utility counterparts, the
yas cumpariies laukeg the support of the many manufactyrerse»-incluaing
such 1ntegrates glants as General Electric and Westinghouse--which devote
most OI dis ut thelir actéél_gx\e‘s- to electric procucts. :rne result was the
iimitea abiilty and resources to rapigly consfruct the research necessary
to create an acequate gas technplogy base,for thg reasons outlinea above

ana sumarized below,

*
TECHNOLOGY BASE DEVELOPMENT CAPABILITY
o
Pstroleurh Elsctric | Natural Gas
o
Vertcal Integuatien Yeos Yeos No
-
1 impact of Susply Vory Pesitive Poassidle Themat Very Negatve
Dereguiahen
Techmeal Capamlity B Vory Strang Streng Limited L
\oletnai AED Funding Excenent LUmited Severely Limited
Capatanty Large Corperate »y wy
- ynus Regutation Muitiiayered
High Retuens Aequiation
Large Tax Credits
-
Manutactuiee Suppsi Very Large Very Large
Yranspertonen Mest Supply & Limated
(witn DO} .
Chemxals .
Most End Uses
Federal ADLD Very Little Vory Large IVuy Litle
Svpport UOE TVA
Federal Commaercalization LUmited SFC Very Latge Some SFC
Support Nuclear Negatve impact
ol from Great 2103
i Ly Oecision
N -~ i -4
. '1
)
-
L] r\
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While the gas inaustry had conducted a small research program under the

cirection of the American Gas Association’ (A.G.A,); it was not of the

magnituge nece‘ssary to fund the multitude of research projects essentialkto

cevelop cost-effective supplemental sources of gas anc more efficient gas

equitm'ant and processes. The A.G.A. re_searctj‘ program was initiated in 1943

\ ang expanced in 1963. In the fpllowing ten-year period, annual research
expenditures grew from $3'million to approximately $10 million. In 1971, the
A.G.A. and the Department of Interior's Office of Coal Research started a .
.cooperative effort to accelerate the develq’pment of coal gasification. This -~

pilot plant R&D'brogram was funced at ap ;nnual budget level of

$30 millicn--t:(—thiras from the government, one-third from industry. Thyl,

Jthe g nad a very small instﬁutional R&D program in existence w-ith

incust

totsl annual expenditures of about $20 million by 1975. This is a stark
“contrast to the approximately $1 billion in annual federa‘l fungs devoted to
R&D for nuclear ana other long-‘term electric Option; during this time.
Essentially the lack of a large ang viable gas industry technolbgy base

primarily results from the following factors:

0 Until the early 1970s, patural 9as was 1n abunfiant supply and the
required proauction research was conducted by the nonregulated
petroleum industry.

© Regulation of gas prices at the wellheao resultéd an gas being a
cheap. energy commodity; therefore, there was no emphasis on
efficient utilization.

0 Since gas was cheaper than other competing energy sources, the
emphasis for eno-use appliances and processes was lowest cost, not
efficient or low life cycle costs. This greatly reouced the need
for a strong technology base.

43

- 0 There was a strong federal préfgrence and a long history of
' fegeral funding gf a large R&D program for electric options. ‘No
similar program existed for the gas options.

0 There was a lack of recognition by the state regulatory agencies
of the need for the gas utilities to fung an expanced gas inaustry \
technology base. N

.

.
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o Sinse the recovery of costs Tred in funaing gas industry R&D
hust be approved by tn Jte commissions, the regulatory -
mechanism of contyesiing the total rate of return on 1nveste,g‘
capital that Gsea ana useful in public service inhiBited -
a strong gas technology base.

hatulally, these factors go npt result 1n the best climate for\aggressive
.nvestment; 1 R&D.' It is d&fr“lt:ult enough for regulatec companies to earn
their -auowga rate of return let alone put equity earnings in further jeSpardy
vy piacing 6ubst§nti}al investments 1n 'RO&D which, 1f they fail, might be
consigerec to have Leen imprugent or which might not 'be ruled an allowable
: expense for other‘ r2asons. Therefore RO&D investments make little management
sense, There 1S no offsetting potential to increase eamings que to
sucessful KLAD as there wouls be for unregulated compames. The penefits of
successful utlaity RO&D must eventuélly be passea on to the ratepayers, not
the stockr;owers, pecause of the regulatory limits on rates of return.
e ’ Uesplte these disincentives, 1n" response to a growing recogmuqn of the
critical neea for a strong technology base to meet lncreasing competition from
electricity anc to relieve gas supply shortages and curtailments in the early
1Y70s ang a more favo;aule fegeral regulatory ?:limate, the gas industry took

1nitial steps in 1972 to oramatically increase 1nstitut10nal'funmng of

~ 14
gas-related research.

Gas Incustry Response to Tecnnolo'gy Need

In late 1972; the A.G.A. research management staff and research
curmsxttees, in coopgrauon with the Interstate Natural Gas Association of
Amerlca (INGAA), organized and directed a c"omprenensive stuoy of.gas ingustry

research neegs ang opportudities for the period of 197422000. A 150-person

A
1custry-wice. task force ang six prominent research agencies completed the

~
P study ouring 1575.. The recommencations which evolvea from this planning stuay |
. . . * N !
/ " o . . * . R A ‘
. g ' S
- = \
1 * . ~ {
. N . . . .t ,.‘
. « isd ;‘
» |
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‘ 1
ERIC . ' ‘

PAruiitex: provided by ERiC e ’ ‘ s




187 co > ™

-
-

leo to the conclusicn that a more comp:enenqive and expanded gas-relatea
research program would be required if gas uexz to continue to play a maJor
role in meeting the future needs of the U.S. econamy- . .
while the need for an improvea gas tecnnology base was reeouy recognized
Oy incustry leaders ana many fareignteo regulators, tﬁe gas inoustry faced
;consicerable obstacles in funding an aggressive RAD program. As noted before,
reguiateg transmission ang gistribution companies haa traditlooally spent- a
relatively small percentage of their gross revenues on RDD.' Since the 3
> benefits of successful utility RDAD most eventually be passed on to the ~
., Tatepayers, not the stockholders, a mechanism had to be founa o allow -
recovery of the costs of research from the ratepayers; . A
FORMTION OF GRI T ' ‘ o
To overcome the ailemma of the oovlo;:s need for more gas utility RDAD and
the aifficulty in funding an expandea utility RD&D progra;m gn}oug
conventional means,- the Feaeral Power Commission (FPC) issued an order. ~
(No. 566) aesilgﬁneo to stlmulete RD&D b; companies under FPC Jurisoi.ctlan. v 13
. provigeg f‘or preapproval, 'not subject to refund or reouction, of RD&D
. expe}uiwres of jurisaictional companies that met clearfy oelmeateo M a
gulgelines which not only protected the ratepayer intetest but aiso set such ',
high standards-for R&D planning, cooraination, and evaluation that the need
- rior agetailed regulatory revien could be miniuuzed. Tqis imaginative concept
af ‘the FPC for st@lulatmg cooperative ingustry RD&D programs was implementea
by tn® gas lncustry 1n 1976 by the formatios of GRI thn the assistance of the

gas industry's two major trade assoclatinnsi A.G:A. and INGAA. o
< N i

Tne 1SSue of‘prudence of* major RO&D lnvestments whs largely defuseo by <

;.’\ introewlr;g centralizeo, highly sopnisucateo plam{nq ang analysis careful ’ ot
coorométion with other” major energy RD&D programs, incluoing, tnat\ of GRI's ..

w' . -
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oicer ang sxgmf;cantly larger sister nstitution, ghe Electric Power Research
institute (EPRI), the extensive joint efforts with the Energy Research ana '
Development Acministration (ERDA) ana then the Department of Energy (DOE); ang
bringing 1nto the geclslon-Making Processes consumer ang other public-interest
representatives. . Prominent among these repredentatives 15 a substantial
rumber of sitting state regulators and several eminent eoucata;s,
envaronmentalists, ang former federal regulators. GQI thus became the agent
for financmg, plannmg, and managing the R&D of its 29 interstate pipeline .

memoers which are responsible for more than 95 percent of all interstate gas
- . ]

sales. \ o, . ,

However, because of the limited vertical integration of the regulated gas
industry, a mechanism also had to be developed for sharing control 1n the
management of GRI betweeén the interstate pipeline transmission companies,

!
which were responsible for collecting the preponderance of the funds under

. \
Feceral Energy Regulatoxy‘(:omxssxon (FERC) jurisdiction, and the distribution’

companies which had to pasé through these charges aspart of their purchased
gas cosis to their ratepayers under state commission jurisoiction. Of course,
even more fundamental in this shareg control over the affairs of GRI was the
makeup of i1ts R&D program. It hag to properly ne;lect not only she ultimate
ratepayer interest, but also the often quite different 1nterests of the
transmissi&n ang gxstnbution segments of the ingustry. The solution was
found in having boarc representation of these two segments, including assured
minimum representaticn of the municipal uxstrxbution companies, i.e. X the many
usually relatively small-companies owned by local governmental bodxes. Thus

GRI was Created as the central element in the gas industry's response to the

need for a viable technology pase.

-
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nistery Sf WRIVOCe Resealur (oo ruinatlcn -

17 LTS review of GRI's appalcaticn, the FEKL places « high priority on the

LeIditaticn of GRl's program witn government ang irgustry R&D pregrams. GRI

N v
Tusl of Pudasy Provuce .. .evicence tnat an effective mechanism ex1sts and 1S
h q
. )

-$2C foT cocrcinating tR1s research arc gevelopment planm with other relevant -

. N . . ¢ ’
errorts of raticral soupe.”

N N N
wrile tne Commission's ccorcinatlon directive was broag, it recognized

that CCE *'is e principal organization with which GRI's program must be

o
narmenizeq." GRI placed a nigh priority on coordinating and, in areas of

. .
mutual 1nterest, on cofunding research projects with DOE anc other Pederal

-

agencies.  GRI acopted a celiberate strategy to stretch GRI's limited funds
Dy «ofunding or cooperatively funding projects of common wnterest with DOE ang

other goverrment agencies. Thrs allows GRI to attain greater R& benefits per

>

ratepayer celiar than 1f it funded the entire project on 1ts own.
By placing a high priority on cooroination, GRI aimed not only to meet the )
FEéC requirement to coordinate its research with the.national effort to ’ .

eliminate the guplication of research efforts but algo sought to focus the .

attention ang financial rgsources of other funding organizations on the

research neecs of the gas dnaustry. The importance of working to expana
: -

ex1sting R&D efforts rather than to absorb them was reemphasized by the

Commissior:

- . » we put GRI on noti.e that as 1ts program matures we
‘shall insist on clear evidence that its efforts are
cemplementary to and not competitive with those of other
RD&D organizations. .

.
‘

N - s

GRI was highly successful in attairing cosponsorshap of gas-relateg
o
researcn. From the creation of GRI to 1981, the size of government, ang

. PA o
LNCUSLTY CoUSpOnsOTsHip grew substantially. This effort resulted 1n a combined

government ang 1n0us£ry coordinatea %uncing level of $v6.4 million in 198l.

. ”
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.

This finaing, when combineg with GRI funding for Contract R&D,
L national gas R&D program of $164.9 million in {981. This was supplementea by

approximately $40 mdllion of research funding by individual gas companies to

‘acopess 1ssues unigque to their service area.

4 =

amounted to a .

.o

GRI COORDINATED FUNDING HISTORY Y
(S Millions)

- ic»
3 aca o, AAR]
) o
- Cavernment 149

! M - neusLry

s “’ 1977 1978 1979 1980 1981 1942
- {planned)

¢ 119/30)
Note State cotupding ShOwn in “adustry’ Category

DOE and GRI have cosponsored research in fuel cells, biomass, industrial

2.

utilization, heat pumps, unconventienal natural ga§, geopressured methane,

1n-situ coal gasification, ang envirommental research. In adoition, Ve and’

GRI have continued the jointly sponsored coal gasihcation program that began - .

in 1971 as-a cocperative effort of A.G.A. ana the foice of Coal Research .

Tne total funding under the joint coal gasification program through 1981 has

. been $187 million, of which tpe gas 1ndu§try has provided one-third and the .

gcvernment‘has proviced two-thiras.

v

Much of the effectivegess of* GRI's program Juting the first five years

depended on expanding GRI's limitea funds with DOE funds on projects of common 4

P

© .
" interest. While this stimulated more cooperd’iively funded gas-related R&D and =

_allowed GRI to gain exceptionally high benefits from its R&D\anestments, it Ll o~
A .
. also resultea in GRI following DOE's lead in most long-term technologies. -
.T‘ ’ ' . " \ -
. , .

o . 1‘9?
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wlth sigruficant fxgceral kaw expendltures, GRI was able to rely on QOE to func
the critical mass }Jf funos recessary to support a research program. GRI "was
atie to cqncentr,ai}e 1ts funds on expangxng projects or programs to meet the
Spec2fic neeos c;"’,the regulatec gas i1ngustry ano the gas ratepayer.
n mqny mstances the very large entry cests ih a ,given R&D area were H
. . oo
properly torne Dy tne government, while tfe much lower costs of supsequent
résearch activitles were borne by GRL. For 1instance, 1n geopressured methane
T gas research the cost of orilling experimental wells would be borne by the . /
government while uRl woulo pay for subsequent research activities, such as the
Jlagnosties and analytical evaluat.’ion ouring and following well stimulation.
The major 1mpact on the success of GRI's cofundin? strategy was the '
gominant importance /of energy and néiional energy policy ouring the 1970's,
Feceral energy functions were consolidateg into a .cabinet-level Oepartment, of
Energy, feceral'energy buogets soared, ang, most impgrtantly, the govermment
assumed tne major'responsiblity for determining the nation's energy futuré.

' National ene;:gy plans were prepared;.targets for the commercialization of -

- technologies were set, and prodection goals were, specxfl‘ec for a¢varlety of
fuels. As Secretary Duncan testifieo m January 1980 before the House

' Committee on Smteace ana Technology:* "The Department of Energy sees 1ts’ '

m1ss1on as assuring the Nation's orcerl§ transition from an economy cepencent

. won o1l to an economy relying upon olversiflied energy sources.”

_wmlé the private sector retained 1ts traditional responsibility for '
commerc1alizing technologles, the government belleved there were oantrmmg
national Vc?r‘\cerns that reduiret the ‘feoeral government to in‘t’ercece ‘m tn;
marke‘tplacg’. As' Secretary Duncan noteg, .. -energy, and particularly our
aépencence on” foreigh a:il, has more to do tocxa;‘/;{,ith our inflation rate, thé

value of the gollar, ang our balance of payments geficit than any other
4

component . %
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, , With the eliection of President Reagan, the philesophy of the government's

role in energy shiftec sxgnifi;:antly. The government forsoo;,tne
responsibility for determining whether and when technologies would enter the
marketpiace ang celegated the responsibility for ceterming g the future energy
mix to the private sector. The Aoministration believes, Q collective
’ Juogment of properly, motivated technical innovations, businessmen, and ,‘
- consumers is ge;verally superiof to any form of centralized programming.” Th &
Aoministration asserted tha;. its most direct role was to bring the enormous ‘
energy resburces controlled by the govemﬁént into the engrgy marketplace.

.

Effects of Changing Federal Policy on Gas-Related R&D

‘

The Reagan Administration has &rpposed to radically change the size of the
» feceral energy research budget and to encourage ilnuustry to fund more of its

own research, especially neart and mio-term projects. This pplicy is

summarizec 1n the Pre{iaent's National Energy Policy Plan as follows: ' .

Public spenpir:b for energy-related pume(sesl is secondary to

. ensuring that the private sector can respond to market —
realities.” Even then, federal spending should be
considereo only in those promising areas of energy

- production and use where the private sector is unlikely to

invest.... Public spenaing is appropriate (ano will
continug) in long-term research with high risks, but
potentially high payoffs. In most cases, however, using Ploa
public funds to subsidize either domestic energy production 3 [
or ,conservation buys little acditional security and only
diverts capital, workers, and initigtive from uses that,

CT contpibute more'to society and the economy.
r ‘1’
- . From its inception, GRI, Ln response to FERC~guidance and encouragement Dy
*D0E, has relied on extensive federal and ir‘wdgstrial cofunding to carty out its .

-

research programs. The federal governmeni's current R&D policy emphasizes

long-tem, high-risk projects withr major reductions‘ in near- and mid-term '

£~ . P B

- Rap. 'This philosophy has resulteg in rapid, sibstantial cut's Tn POE's ROD A }
buoget ang further planneo cuts based on the a’ss;.mption «that DOE or its e e

- * %
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3
SuCcessor agencles will concentrate on the long-temm, high-risk research that
incustry will not perform in response to normal market incentives. ,
Tre impagt of the new federal energy policy on GRI and gas-related
L] "» "3
research is reagily app'a'rent in the change in the size anad distribution of
feceral gas-relateg R&D buagets. The federal bucget for energy RD&D anc
I gas-related research grew gramatically over the past seven ygars. The revised
FY 1982 OCE bucget ¢learly- illustrates that this trend has changed. .
. Most of the DOE gas-related R&D is funded through the Fossil Energy
program and the impact of the new philosophy and funding stratégy seriously
reduced these efforts as shown below.
< . Y
. *  DOE Fossil Epergy Gas-Related
. Research Buaget
($ Millions)
i . Reagan Revised
Technology Area Carter 1581 Buaget 1982 Buaget
Agvanced Research and - '
, ‘Technology Development - $14.5 $12.5
Phosphoric Acio R '
Fuel Cells 14,0 v 10.6 .
Ungerground Coal .
Gasification 10.0 8.6
Surface (oal
Gasification - 159.9 54.0
) Enhanceoicas °, ,
Recovery 30.6 . 10.6
Total ' $229.0 $96.3
13 i L]
1Y
y
LS . B
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when the remaining gas-relate'd activities of the Department‘are

adced, the net effect is that DOE requested $162 million less in FY 1982

A

for gas-related activities than the Congress appropriated in FY 1981.

DOE GAS-RELATED BUDGET ~ ’ T
- {$ Miijions) @
~ . FY 1982 °
¥ FY 181 Revised
. Appeopration  Request  Change
. .
, fossu Energy 2299 963 -1327 . !
Geopressured Methane <80 202 - 158 !
M Energy Conservation 220 120 - 100
Biomass 125 30 - 9%
Basic Research 270 300 + 30
Environment & Satdly 310 340 + 30
Totat 3575 195 5= -1620 .
o
; .
The sudden cutback of DOE gas-related RO&D required a substantial
change in the R&D strategy of GRI becaupe the level of funding by DOE for .
* gas-related research has a hsjor mpact)n the scope and size of the GRI
program. Wnhen the size or Ae trent}é the DQE buagets in these areas
suodenly makes a significant Maither increase or decrease), it _
plays ajfajor role in vetermning future GRI budget levels. While GRI1 is
not cofpinding all of these research areas, 'if {here were no government
™ funas, QRI would have to consider funoing some of these research projects
since they support GRI objectives and are an integral part of GRI R&D
stratefy ano the development of an adequate gas technology base. Without
re
the funds, fesearch efforts in cofunded efforts such as on-site fuel ,
* cells, unconventional natural gas, heat pumps, coal gasification, and gas
-~
) fom biomass woulo be either drastxcalli curtalled and research
. - . Pl ,
milestones slipped or else GRI‘s buaget would have to be increased : (
\
B
' \\v‘
- N *
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. 19y
Q g ’

ERIC : - -
. . .
. :
3

-




’ ’ 195 .

.. .

significantly 1n these areas while other research areas of a long-temm |
. |
'nature would nave to be cancellea. ' ) }
. GRI revised 1ts progectmrzs for cooromateo funging to reflect'the
aezcrease m federal oofunmng ara accelerated 1ts efforts to obtam
lhvstrial curunomg. wml; GRI orlgma.l.ly anticipatea $82.4 nullmn n
fecera: cofuncmg n 1981, this pIOJeCtiOn was revised to 562 6 mlllmn. .
Mowevel, a suwpstantiad mcrgase n mdustnal cofunding near.l.y ellmmated
~the.urups 1n federal funding. In 1982, c?ordlnateo funoling 1s expected
to orop by $31.9 mrllion 1n spite of an expectec iAcrease of e '
* 5ly.2 million 1n 1ndustrial cooramateo funaing. Ba;ed on the DCE )
FY 1»8. gas-related budget ang policy to continue fundimg 1n long-term, .
mgh-ns_k resegreh, GRI expects coo’roymateb funding to diop to
. ’ sze.y'mnnon or even lower in 1983, How much lower coordinatec funding
levels urcd will Uﬂlendv upon‘ the degree to which the Adninistration moves -
to eliminate the némaming near-tem activities and to eliminate or

“ .

. signiticantly reduce its sponsorship of long-range, gas-related
3+ . -

\ technology cevelopment. . . » ,
- ! . L]
-
* .
REVISED GRI COORDINATED
FUNDING PROJECTIONS (s MILLIONS)
' [man gy .
. N Covernment .
:1 Industey .
e ' 38 h
RVIE :
\ .
-
. " '
- ! -
) LI . 1981 RUR 1982 1982 1983 \:U“
. "'l'\pt"l revired) (pldnned) lrewived} |7I‘|‘nﬂ‘tfyl {revis .
NUTE  ALate CBTUANING thowr IN BAdusiry (ateglry ,
r .
- ' v <
- L}
[ 2 i
" ar. . <
.
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The AomirtSTItion is expected to request & budget that would \

essentially elimpate DOE's sponsorship of conservation R&D ana confine -
the Department's invol‘vemer.\t in sglar energy to a|te‘chnology base program
. for long-temr options. The Administration is expgeted to request an |, *
FY 1983 buoget for Fossil Emergy that 1s ;ecuceo roughly by 75 percent |
f-rom the buaget 1t requested for these activities in FY 1982,
The expectea FY 1983 DOE budget request would severely impaCt major
current DOEAGRL joint programs™as Can be seén from the pnart below:

-
k)

POSSIBLE FY 1983 DOE FUNDING IMPACT
AN

ON MAJOR DOE/GRI JOINT PROGRAMS )

-y, \ N »
. N

Unconventional Natural Gas - DOE Program Terminate
. Gegpressureg Methane . ,DOE Pragram Termingte
Underground Coal Gasification R&D DOE Prograim Terminated
Un-Site Fuel Cells R&D DOE Program Terminated.
Gas Heat Pumps OCE Program Terminated
Methane from Biomass DOE Program Terminated
Surface Coal Gasification DOE Funding §everely Limited
»

N

GRI Response to Revised Fegeral R&D Policy

-

in reaction to the change in government R&D funding policy, GRI discussed

a variety of options with its Board of Directors ang adopted the follo&ing
¢
strategy: .
o GRI should assume & mord effective leadership role in gas-related
. R&D. As the level of federal funoing and support ceclines, GRI
' must become more aggressive in assuring that critical research is
\ , continuea at agequate funding levels. Essential near-term
\ research must be funced by GRL if it is in the cOnsumer interest.

o 6RI should continue to seek cofunding with DOE in.long-term ,
research projects. In determining whether to cofund a project
with DOE, GRI shoulc give consideration to the Telative size of
the DOE contribution and to the long-term commitment by OQE. GRI
snoulg carefully assess DOE's program goals and objéctives before
entering 1nto any Joint program to make Surg that they are
consistgnt with goals ang objectives of GRI.

~
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. ,
¢GRI shoull ipcrease 1ts alreacx extensive efforts to cbtain'
1Creasec cofuncing from industry. Thls not only provides a

partial supstitute for government support, 1t also mproves the
prospects for commerclalization. This substitution 1s alreagy
wrCerwdy to compensate 1o part for the loss of about $20 million
-" expectec government funoing fgr calendar year 1981. .
0 URI snoulo reevaluate 1ts projected 1983 budget 1n lignt }f the
significant changes 1n naticnal energy R&D policy. An exfanced
Ducget snoulc pe prepared if necessary to make sure_that
© sufficlent funcs ar€ available to achieve the objectives ¢gf the
! GRI R&D strategy.
. - v - ¢
. A In keeping w{}h these girectives, ano 1n recognition of the changea
e, .
feceral policy, (RI has reevaluated 1ts 1983 research budget ano is proposing
to 1ncrease trat buoget from $107.5 million, which was originally planned ang
projpcted 1n 1ts application to tile FERC for, the 1982 program, to ?
, .
approximately $120 million to meet the continuing critical need for near- ana
T1le-term research.
Ed
rd
GRI FUNDING I ‘
. ADJUSTMENTS
rd [ Cenersl tommntrative - — .
, b . X teaearch 8 Ceveropment )
. . - . , . . $140 M »
‘sr2eIm
< -
59 ane a0 3
B3 ) RO }
100 5M o 3“?“‘ p— $120'm
* . 0 3 63 In s 2 [l §
- ., ' oo B
N 168 5m =¥ 3 ,
.8 1381 . 1962 COWLEE ‘.
{approved) (pre)ecred trevised ger
. N 1962 Plan) . GRI Beaed)
. . , H s
- . “' h &
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As shown below, this proposed bugget growth will continue the emphasis of
trdustry funding for near-term efficient utilization programs in recognition'_
of the Acministration's policy of terminating this research andg concentrat ing

1ts resources on long-term, high-risk research. .

f

GRI R&D BUDGET SUMMARY ($ Millions)

Proposed
1982 1983 1
Total R&D $ 83.7 $118.6
Program Area
Supply $ 26.4 (31.5%) $ 33.1 (27.9%)
Envirorment, Safety, ) *
_ ana Distribution $ 10.6 (12.6%) . $ 16,7 (12.4%)
gfficient Utilization $ 36.0 (43%) " $ 57.2 (48.2%) '

Note: Percentage figures indicate share of total R&D'budget

This funding strategy has been devised in an attempt to save critical

projects from elimnation while, at the same time, fulfilling the gas

A
\

1ndustTy's near-term technology needs.

. SR 2203 )2"; - ? '\ - ‘ i
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Specific GRI programs where .funding increasés will'be,contentratéd to

orrset tne loss of OCE funoing are 1in the areas of unconventional gas,
.regional ana lang biomass, on-site fuel cells; gas appliances, gas heat

~
pumps and 1ngustrial utilization.

\

GRI NEAR-TERM BUDGET INCREASES ($ M1llions) B
N . A ‘.
, Approyea Proposea P
. - Budget I3 Budget.,
0 1982 1988
“unconventicnal Gas $10.60. . . $18.70 T
. ;
. . Xegignal ang Lana Biomass . 2.90 5,65 .
) On-Site Fuel Gells 1135 19.60 v ’
, Gas Heat Pumps 7.00° 12.10 Lo
Gas Appliancgs v 3.97° - 6.50
. . - v
+ . _ Inqustrial utilization R I 12.15 '
) . $43.72 $74.70 .t .
. ' - )
Y . A ’ d ] - ’
. L Proposed 1963 Budget Increase = $30.98 . -
’ ’
Increases in funding for unconventional natural gas will be focused '
1n Céo areas-gblanket tight gas sands and Devonian shales. ’ )
. In tbe bigmass area, ‘a001tional funging will be applied to near-term n
‘ .
! research, much of which 1s being carried out by thd University of /
-
LY N ’ X
Florida's Institute for Food and Agricultural Sciences (IFAS) unver a 2 -
+  joint GRI-IFAS program. ! . ’ /
od
«  Increased funding for development of flel cells will be used to
A ” H
. + ' ;'
suppett the on-sjte fuel cell field tast program which GRI had been . s
Jointly funding with DOE. . “ .~ . h
v * hd -
. “
. , R
s O i . .
L]
/ ‘¢
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In the heat punp area, GRI fur;ding will be cirected at picking up‘ .

- + *

work previously supportea by OGE. . 3 P

.

Inqustrial unhzation programs will receive additional emphasis with* >
increased funding in several project areas mcludmg cogeneration,

cevelopment of ceramic fiber insulation, ana R&D on advanced burner

systems. ) : -
-

_ This proposed increase in GRL 1983 funding will only be sufficient to

fifl the gap' in near-term gas-related research left due to the severe

reguctions in feceral spending. Therefore, it is essential that the

feoeral goverrment maintains an adequate Yong-term research program to . ‘.

support the gas industry's technoleqy base. ‘

.

The gas industry, in the face of‘ this shift in federal energy policy
ang growing cempetitive pressures, must be assured of the availability of
a gas technology .base t'o continue to be able to offer reliable service to
U.S. gas consumers at' the loweSt possible cost. . ’

i '
y

Establishing Federal Energy R&D Priorities

-

- During'the past eighteen months, the perception of the feceral role

in the support ana funding of energy R&D has drastically cganged.

v
- 1

OLD FEDERAL R&D POLICY

Essentially; the past federal policy consisted of the‘following .
points. . ‘

0 Rapmly‘expanded energy research budgets in a-ll sectors,

o Funding of major pilot plant and demonstration plants ;tn fossil fuels,

o Significant research in near-temm energy supply and utilization
technologies,

N .
. ! 0 Assisting industry in t{e'eomerciallzation of new technologies, and
o *Policies designed to reduz:e the nation's vunerability to oil imports.

.

‘ , ‘. 205 .‘
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NEWw FEDERAL POLICY

Now, the new policy is based on the following points:
0 Rapid reduction of -nuclear energy research budgets,

o ‘Orastic reauction in unding of all near-term energy R&D except
nuclear energy,

s Abrupt shifting of th sponsorship of near-term R&D to the pnvate !
sector,.

ral funoing of techndlogy demonstrations,

) ° enminaucéif the fed
o Elimination bf assistante té industry in commercializaticn of new
. technologies,

o Rejection of national pl nning to reduce the nation's
vulnerability to oil impgrts, and v /

ié to be effective ano supported by\industry:

'

o The policy must be applied faixly fo all sectors of. the energy
. industry to prevent market distgrtions.

0 The difference in response time required to increase funding for
’ near-term technology for different sectors of the energy industry
must be recognized.

0 The current status and funding of the technology base of different
sectors of the industry are different.

0 Past federal R& policies and funding fevels have already created
distortions in the ability of different sectors of the economy to
respbno to the new energy R& policy.

N o the ability of the regulated energy sectors to capture the
economic rent accompanying free market pricing of energy is
severely limited canpareao the unregulated oil ang coal

- companies.
The Ene;gy Research Advisory Board (ERAB) put these factors in proper

perspective 1n its rgport Federal Energy R&0D Priorities dated November 1981.

We applaud greater reliance on the private sector whenever

possible. We applaud the restoration of a free market in
- petroleum. ERAB believes that much, perhaps most, of new

energy supplies and greater efficiency in energy use will -
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in fact be achieved by higher energy prices. But ERAB is
concernea that some energy R&D of great potential
significance for the achievement of the Nation's energy. .
goals vill fall between fegeral and industry
responsibilities. ' . . .

The new poligy recognizes that private inoustry cannot be
expected to 0o basic energy research or projects of
logg-temm, hibher risk character. But there are other
circumstances id which it would be unrealistic to expect
tamely ana effective assumption by inoustry of R&D
responsibilities abdicatea by the government, however .
worthy the projects involved, and despite the provision of
new  “erous tax incentive. Some of these circumstances
are . scusseg below.

Some of ‘the markets on'which energy is sold are not
wfree." 0il and coal are the exceptions. A little over
half our primary ene finds its way to consumers thro
he electric gas utilities, an utilitles are .
: reguiated‘, price-controlled industries, selling their
products not at free market prices, but at controlled
prices well below replacement Cost.* The consequences are
that consumers of gas and electricity have less,of an
incentive to conserve (ana, therefore, to undertake .
research on conservation) and that producers of electricity
are so strapped financially that they cannot, afford .
N conventional adaitions to capacity, let alone demonstration i !
L projects or any expensive R&. Gas producers are faring
‘ somewhat befter and can look forward to eventual decontrol
at the wellhead, but gas transmission and distribution will

remadin under control indefinitely and so presumably will
the investor-owned electric utilities.

Both these regulateo ingustries have weak incentives to
. speng on R&D. successful, e benefits go to, °

rz-n’.egz-lxerS'z if unsuccessful, the expenditure may be

disallgwed as “Imprudent."* In the case of electricity

{but not gas), a substantial amount of R&D has been

unoertaken by large research-oriented equipment suppliers.

Ang curing the past tecade the "invention" of a device for

financing inoustry-wide R&D by ratepayer levies through .

: EPRI and GRL has enhancea the ability of poth industries to !

, respona to R&D needs ana provided an alternative-to some

goverrment'-spgnsored R&D, but the total annual budgets of

the two institutions (less than $300 milljon and

$100 million respectively) are far too small to permit them .

even to contemplate financing demonstration or ‘

first-of-a-kind commercial plants at a billion or more each.

Some energy-related industries are too fragmented to

organize and finance ‘a strong R&D response to market

signals. Inoivigual units lack the financial strength, and

realize too well that the benefits would accrue mainly to N
- A )

other units. v

*Emphasis aaged. : .

- 4
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. Even where some larger units exist, industries with a
strong R&D orientation ano capability are the exception in
: America. Most of our industry-sponsored R&D is now highly
concentrateg 1n a few industries. The reasons may be ‘
historical, institutional, or agvantageous. A st¥ong ‘R&D
response to price sxgnals‘ requires both motivation ano
cggab‘litz. In many cases the capamhty is simply
acking, ano while it can,be geveloped in given time, the
i time requires to builo a strong research organization is - .
measureo in yéars. | .

/ 4
In establishang feoenal energy R&{J priorities consistent with th;
Aoministration's policy of concentratmg its funds on long-term, high-risk

reseggch that will not be funded dy idoustry in response to market incentives

- N
and in recognition of the need to reduce the level of federal éxpendxtures, it

P
3

is recommencec that the fbllouing pranciples be followea:

0 If successful, the research will have a national benmefit. Either
the resource base is sufficiently large or the potential so great, :
that a successful program Fan have an impact on national energy
policy. '

, 0 The basic federal policy of funding only long-term, high-risk
energy R&D will be applied consistently to all sectors. Near-term
Yesearch results can only be commercialized by inoustry,
therefore; this is a proper role for industry. ) -

0 The benefits of the research canhot be captured by an individual
fim, The results must be broad ancl applicable across an entirg
. sector. . ,
0 The research must have significant cofunding (actual cash) by '
industry before any technology will be developed at the large
pilot plant scale. This Should help ensure that the research
potential is very good or Jndustry won't contribute funds. '

0 The unigue oisincentives féI the regulateo inoustries to func R&D
N will be recognized. This will require a coorcinated transition to ,
shift funding to these inoustries. /

‘
-

0 The oifferent responses between the regulated and nonregulated
1noustries to free market pricing for energy and the subsequent
ability to rapmly and sxgmfmantly increase R&D funcs must be i
recognizeg.

0 Feoeral funoing of energy R&D will not intentionally favar one
. energy 'sector in comparison to other sectors.

ERIC 0 ' ,

.
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‘ Establishing feceral energy R&g priotities using the above principles
woulo provide for équitable treatment of all sectors of the energy market and )
will ensure that the resarch is in the national interest. A statement of the
basic punciples ang new R& priorities should be stated in clear, concxse
\ terms for pwlic debate. The policy should not be created through the buoget ,7\/
cocuments, but rather the bwcget documents shoulo‘, reflect policy.

o . N

.

Impact of Uncertanities of Federal Energy Policy

.

Incustry, eépecially the regulated sectors of the ;anergy industry, cannot .
, rapualy respom to abrupt changes in feceral energy R& policy. As an”
/ exatple, GRI'S acnvxtxes are planned and funded through a mechanism that .'Lsh
subject to an annual review and approval by the FERC and, where intrastate.,
sources of gas are involved, also'by the cognizant state regulatory
»COMM1SS10nS. . This procedyre requires approximately 15 months from the timg

the R&D plan is developed until it is finally approved. This allows

“sufficient time for the extensive review process ruece;sary to establish that

the planned research is in the public interest and will be of suwstantial net
r)enefxt to the gas ratepayers. However, it alsc precludes the gas industry,
“tnrough GRI from rapioly shifting or increasing its Rw funding.

In 1ts 1982 application to the FERC, GRI emphasized the reauction in
near-term fegeral RGSD for gas-related research and accordingly increased its
research funding in those a}eas. In fact, funding for near-temm projects in
efficient utilization and safety and distribution research was increaseo by
45 percen/tl as compared to an overall research budget increase of 22 percent.

e , ,
In approving the GRI 1982 research program, the Commission stated in Opinion

_ No. 1317

GRI #$ not a government entity; it s the agent of its
. members in‘conducting R&D on behalf of the regulated gas
N inoystry. The Department of Energy agrees that GRI
] . represents the private sector ano that GRI and the private

Aruitoxt provided by Eic:
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sectod in general must, in view of OGE's.withorawal frgm
near-tem energy R&D, fung more--not.less--of these
. activities. we agree.

L} . \
i

In planmng its 1983 research program, GRI is proposing to significantly
"increase its buaget for near-term research. Of the planned increase of
k]

sproximately $36 million for contract research ($83.7 million td
/
approximately '$120'mallion), over $30 million will be for near-term research

13

Li

to offset the loss of OQ€E cofunding, -~ 3

with GRI's shifting~its research to offset part of the DOE reduction in
near-term researcr;, recent predic.t}ons of further federal budget cuts in
gas-related ;esea.rtv:h ano termination of several long-temm, high-r 1sk”resgarch
projects cause significant concern. -

Moreove'r, }‘or .a long time I have expressed my déep concern to DOE and its
predecessor agencies about the olsproportionate federal support of electric
powar RD&D as contrasted to federal support of gas-related RD&D which has
lingered at 10 percent or less, although gas has and is axbecteo to play a
very major role in meeting U.S. energy requiements. Thus, reports on likely
increases in the already huge nuclear RO&D effort while unconventional natural
gas préduction, geopressured methane, underground .coal gasification, and
Aavances gas utilization technology RD4D are severely cun\tailed, further
increase 'rr’ry concern about the priorities of the federal enerlgy RO&D budget. N

To be more specific, let me comment on th,ree proposed shifts in federal

RD&D policy that should be examined in getail.

0 Major cuts in research on unconventional natural gas are based on
” ' the assumption that natural gas prices will be deregulated. Even
¢ if natural gas 1s ceregulated at the wellhead, these potentially
major supplemental sources of competitive-cost gas may not make &
. major contribution prior. to 2000 because unconventional gas ~ '.?i
sources compete poorly for investment dollars with traditional
exploration for conventional oil and gas. There is little that is
. able' to be patented or licensed, and indivigual holdings are so
small that the R&™ cost per unit of* production is high.
. . Bonsequently, com..nles are reluctant to expend sufficient R&D to
gevelop the technology required to produce any but the +
14

i
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geologically most favorable unconventional gas resources.
}inoustry R&D, to datesand in the foreseeable future, therefore, is
imitea to high payoff, near-term efforts. A government/gas '
1ngustry Tesearch program needs to be continued if we are to tap
these resources. a ’
* B .-, i *

o Elimination ef government conservation research programs, which .
nave béen underway for several years, such as fuel cells,
1ncustrialArocesses, and technology develophent that uses gas .
shoulc be examined on an individual basis to be sure that the
1noustrial infrastructure is in place for industry to assume the .
research funding before these programs are abruptly cangelled.

o The further recuction of the already minimal federal support of
gas-related RD& assumes that this represents even-handed -
treatment between the oil and regulated gas industry. Increased
prices for gas do not enhance the ability of the regulated gas
1ncustry to fund increased R&D. ‘

The one key concern that I have which is common to all of the above policy
1ssues is that' ongoing quality research programs will be cancelled under the *
assumption that industry is able to automatically respond and continue the

research, All industries are not alike, and therefore, a blanket assumption

‘that what is true for the oil industry is also true for the gas industry is

ERIC

Aruitoxt provided by Eic:

erroneous. It 1s for these reasons that any simplistic assumptions about the
ability of the regulated gas industry to instantaneously increase its fun/ding

of energy R&D to offset reductions i/n/federal funding will lead to a further ,
recuction in the ga's technology base and increased oil imports.

.

gxangles of Fecderal Role in Long-Term Gas Research

There are important high-risk, long-term, high payoff areas pf gas-felated '
research that continue to require government sponsorship. This research meets
the Agministration's policy guide;pes and is cansistent with the principles
and R&D priorities outlined in the preceeding’ section. It is especially
important for the government to maintain a strong lomg-term, gas-related R&D
program N