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ENHANCING S AND T CONTRIBUTIONS TO ECONOMY 1 

The administration is vulnerable on employment and the econo~~, 

and has failed to mobilize the effective use of technology to make the 

Q.S. more competitive. Several indicators of technological health (rate 

of productivity growth, percentage of R and D manpower in labor force) 

stopped improving about 1968 and has slumped. 

Attached is a summary paper plus an excellent background 

document on innovation by Gellman, an economist and entrepreneur 

I 
/ 

who is a qualified expert. Also included, five other related background papers 
by Gellman. 

This perspective on uses of science for public benefit could be 

an important conceptual initiative for a technically qualified President. 

This subject is appropriate for first debate. 

I 

I 



ISSUE 

Ever since 1968 it has been increasingly obvious that the health 

of the American economy was a matter of concern, and was an increasingly 

important component of national strength and security. Economists know 

that technology and the training level of the work force are the source of 

much of the productivity growth in the economy. They are the source of 

virtually all new industries. U.S. productivity has, during this period, 

grown more slowly than almost all of our commercial competitors in world 

trade. U.S. public and private investments in Rand D and in new capital 

f~cilities to use the new technologies have lagged. Inflation and 

unemployment are associated with this trend. 

IT IS TIME ... U.S. research and development expenditures, 

public and private, began a precipitous decline in 1968 from (2.9% of GNP 

in 1 68 to 2.3% in '74), while the Japanese, West Germans and Russian 

investments have continued a steady rise. Similarly, 1969 saw a maximum 

in the fraction of the U.S. work force engaged in R & D. This percentage 

has declined steadily throughout the Nixon-Ford years; while it continues 

to rise in the USSR, Japan and Germany. These trends reflect a pattern of 

neglect of an important body of talent for solving a problem in America. 

The consequences of this neglect are seen in a decline in U.S. productivity, 

a loss of U.S. competitiveness and postponed commitment to solving energy, 

environment and resource problems. 

I would act on several fronts to change this trend: 

l. Enhance the inate ability and innovative power of American industry, 

and its dependence on research and development a cornerstone of economic 

policy. 

2. Give America's demoralized scientists and engineers the opportunity to 

work with government to rebalance priorities in federally sponsored research, 

strengthening basic research in the universities and assisting them to 

rebalance training of scienti~~s and engineers to meet future needs. 



~. Direct the OSTP to assist me to improve the management of the 15 billion 

dollar federal R & D enterprise to simplify the chaotic organization. 

eliminate paperwork which is choking our universities, increase reliance 

on private sector. research - especially when economic objectives are 

foremost. 

Even the Nixon administration recognized the seriousness of 

the threat to our leading industries from the growing technology strength 

of other nations. But the response was vacilating and ineffective. 

While virtually every other industrialized, market-economy 

nation has established both policies and programs for revitalizing their 

economies by encouraging industrial innovation and organizing applied 

research and development programs intended to create employment and economic 

strength in the private sectoi, the U.S. has continued with a techhologically 

toothless Commerce Department, with technology policy made by default by 

the Treasury and Justice Departments, with no effective dialogue on R and D 

matters with the private sector, which performs 70% of the R and D in the 

U.S. 

In the fall of 1971, the Nixon White House discussed a ''new 

technology opportunities" program. The only result of this supposed billion 

dollar investment program was a $44 million program which has been cut and 

trimmed until today its only vestige is the "Experimental Technology Incentives 

Program" Ji,~IeJ jn the Natiopal Bureau of Standards. This subcritical 

activity is only a symbol of what needs to be done. (See Gellman paper on 

ETIP!) 

The major difficulty is that the administration has been unsuccessful 

in organizing federal R and D programs in such a way that the results can be 

effectively picked up and translated into jobs and new technology for the 

public throught the private sector. The most obvious example is the 



national energy program in ERDA, which still fails to engage the best 

efforts of the national technical community, to stimulate private investment 

in new energy technologies. 



Science and technology and the economy. 

ISSUE: How can government more effectively promote employment, 

productibility and trade by encouraging effective use of R and D in 

U.S. industry? Today economic policy is made everywhere in the 

federal government; technology policy is made nowhere. The Depart--
ment of Commerce should be technologically upgraded and renamed 

- - --· :s 

so it can deal with assessments of the technological strengths and 

weaknesses of u. s. industry, can cope with the overt and massive 

subsidies in R and D being given to competing home industries by 

other nations, and can devise the policies and the programs that· will 

re-energize U.S. industrial technology. 

Recent presidents have been pursuaded that the health of the 

economy can be addressed through monetary and economic policy alon~. 

But questions of industrial technology performance are microeconomic 

matters. Government must have the capability to evaluate the 

opportunities for technology to improve in+erpationsl competitiveness, 
-:-- ----'!'~ 

create jobs and improve the quality of the work environment. This 

must be approached on an industry-by-industry basis. 

To insure that the research capabilities of the universities 

and private sector laboratories are able to make their contribution 

to healthy economic development, four policy elements are required: 

1) government policies (regulatory, tax, and procurement and 

patent policies) that provide a more competitive, innovative and 

productive environment for American business, so business will have 

the confidence and the daring to reach out for new technology for 

the future. 



2) a national science and engineering manpower policy which 

~ligns the training of scientists with the needs of a vigorous 

scientific-industrial enterprise. ·(Today, half the science PhD graduates 

enter jobs essentially unrelated to their professional training. Univer-

sities haven't the resources.to develop the new programs that would 

permit them to meet the demand for new skills, such as software 

engineering, for which there is unfulfilled demand and bring their 

programs up to date.) 

3) A re-em~~a~A~ 2of .5!£>vernment-funded university and national =- . - . -

Z.XE. . .Shl 3 __ . ---- YS 

research aimed at challenging long range goals. We must get away from 

the current effort of the administration to demand economic justifica-

tion on the basis of near term benefits from academic research (a 

required that industrial research managers do not place on their must 

long-range exploratory research, despite.the view to the contrary held 

by Ford's OMB). Instead we should replace the beaurocratic paper-

shuffling criteria for program priority and project selection by the 

best scientific and technical judgments the experts in America have 

to offer. The technological users of new science should participate 

in these judgments, which calls for greater involvment of experts from -
industry as well as universities and other laboratories. 

4) In the conduct of research and advanced development.to stimu-

late the civil economy and solve identified national problems, better 

ways of coupling the researcher to the end user must be found'. Projects 

jointly carried out by uoix1a.r§ij;y and industry teams should be encour~-

aged,with the results in the public domain expensive demonstration 

2rojects should be restricte~to technically meaningful tests of daring 

new ideas. Where possible the sector of industry that must ultimately 

deliver the service should be involved. 



DICTATED BUT NOT READ. 

SEVERAL THOUGHTS ON SCI ENCE, TECHNOLOGY AND THE UNITED STATES ECONOMY 

./ 1. In the United States vie clet:rly must m_r13=LCU,.e promising technofo9ic0.1 

pDssibilities into marketable innovat'ions more speedily than is presently the 

case. This pertains especially to those technological possibilities developed 

with public funds. Mechanisms must be developed to have these technological 

possibilities exploited in order to improve productivity, increase 

employment opportunities, and to solve particulilrly vexing problems such as 

those which often plague the elderly, the handicapp2d, and the disadvantaged. 

~le require ne\'/ initiative to stimulate innovation based L:fhF1 our massive 

national inventory o:" technGlogicai possibiiit"ies. Such in·itiatives d.:"e long 

overdue; the present Adm"inistration has failed uttc~r·ly to recognize the 

problem, mu.ch less undertake any such initiative. The Carter iJ.dminis·i:ratio1: 

wili quickly devise and implement programs to enable science ~nd technology 

once more to contribute to the nation 1 s economic and social well-being to 

their full potential. 

It is t,·Je 11 to keep in mind that to assure fong··tenn economic growth 

and ivelfare, fully one-third of United States jobs at any time sQ.ould be in 

industries created dur~ e nreceding 25-years through the successful 

exploitation of technoloyical possibilities. This was the case in the United 
---,~~~---~~"Ta: :::WWW m """"'; d 

States through the 1960 1 s but, largely because of anti-science policies and 

out of apparent ignorance of the critical role of technological innovation 

in the nation's development, the Nixon-Ford Administration has presided over 
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a marked reduction in our reliance on new technology to help achieve critical 

national economic and social goals. We shall correct this situation by 

stimulating timely exploitation of promising technological possibilities in 

both the public and private sectors. Means for doing th·is will likely include 

tax inc2ntives_anrl.grants of a measure of exclusivity for those desirous of 
== am--

exploiting public technology, coupled \'Jith ~eerirnent~l programs designed to 

determine what federal policies will serve best to return the U. S. to the 

course where considerable benefits of science and technology are once more 

delivered to the public. 

"'!-.: i-: * * * * 

2. The continuum from science to technology to innovation has been 

referred to previoL3ly. Without a science base, there can be little in the 

way of new technological possibilities. The value of science to societ,z is 
~ P- SIS iSfW 

therefore largely a function of its being translated ultimately to prod~cts 
-··==== 

and services for which there are substantial markets. But without science, 

an industrial economy such as ours is doomed to little or no economic and 
......,__ m-· 

social growth regardless of what other strengths it may possess. Despite the' 

critical role of science in economic development, the U. S. has clearly given 

short shrift and short rations to the scientific community since the Nixon-Ford 

Administration took over the reins of government. Not only has this 

demoralized the scientific community, but it has positively reduced America 1 s 

ability to counter such problems as inflation and unemployment through the 

Gl:LLM/l.i\J H[SEA8CH ASSOCIATES INC. 
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exploitation of technological possibi-iities \'ihich are fe1tler than ever, 

significantly because of our failure to support basic science intelligently. 

This situation, too, will be redressed in the new Administration. 

* * * * *·' * 

3. The effects of economic regulation on technological innovation 

are often most·profound even while being the most diffi~lilt to observe. 

It is surprising that until recently there \'1as very little question but 

that the economic regulation of industry in the United States 'v'lcS neutral 

as to techr10logy. Certairily the Nixon-Ford Aciministrat"ion r1i3ci never evP.n 

considered such a relationship notwithstanding its crucial nature; especia.1ly 

in such pivotal areas as transport, energ,'/, communications, and hr::?'lth can~. 

The Carter Adm·inistr:ition ;~ill not fail to ·identify and address such ·issues 

and will discharge its responsibility to the public to assure that exploitation 
. ~ -of science, tech no 1 ogy, and the process Of i nnova ti Oil \vi l"l(De interfered ·With 

in the course of regulation only where it is clear that such interference is, 
'L:: 5 

on balance, in the public interest. 

With respect to government regulation, the new Administration will establish 

a mechanism requiring that the effects of such regulation on technological 

innovation be assessed exelicitly as part of the regulatory process itself. 
·~ 

A 11 technology impact statement" 'dill be sought of those charged 1·:ith establishing 

regulatory policy and 0ith issuing regulations of various kinds. The science and 

GE:'..<..t,1.;N Fl<OSE:>..RCH ASSOCl;.\T~S INC. 
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technology community wi 11 in this \vay have the opportunity to support or 

chal1enge such statements) wh-ich is in sharp contrast with past practice 

where science and technology considerations have literally been ignored in 

virtually all matters of economic regulation. 

The new approach should itself be a substantial citalyst to the 

development of science and technology as it holds great promise of removing 

perceived and real barriers to investing in science and technology that have 

gone up especially since the present Administration took office in 1969. 

* * * *· * * * 

GELLMAN 17lESEARCH ASSOCIATES INC. 
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"DICTATED BUT NOT READ. II 

Dr. Lewis M. Branscomb 
5 Hidden Oak Lane 
Armonk, New York 10504 

Dear Lew, 

t 
' 

August 23, 1976 

I returned from an extended business trip to find Harry Schwartz' 
invitation to serve on the Science Policy Task Force in support of 
Jimmy Carter's election. I am pleased to do so, especially since I surmise 
it will operate under your leadership. \ 

Several months ago I was approached by two Washington-based members of 
the Carter staff with respect to science and technology policy. (At that 
time I had already begun serving on the Transportation Task Force and had 
become acquainted with these people in that context.) In response to a 
request from one of them, Dick Creecy, I produced two related memoranda that 
are relevant to the present task force and in the event you have not seen 
them, they are enclosed. 

Unfortunately, I am committed to another trip over the next ten days 
which makes it difficult for me to give proper attention to all the science 
and technology policy issues that I would like to address in the context of 
the Carter task force. I hope there will be time to do so when I return on 
Wednesday, August 25. In the meantime, I want to respond by accepting the 
invitation to serve with you and by forwarding the enclosed material along 
with the following general observations. 

Especially in a period characterized by inflation and insufficient 
gains in labor and capital productivity, it seems critically important to 
approach "science policy" on a broader basis--science and technology policy. 
After all, the value of science to society is very much related to the extent 
to which the outputs of a scientific endeavor are translated into marketable 
products and services. In an economic sense, the output of science, 
standing alone, is the sound of one hand clapping. As an economist, I 
suppose I am especially sensitive to this point but I think it important in 
both political and practical terms to orient the efforts of the "Science 
Policy Task Force" in such a way as to_reflect an understanding of the 

100 west avenue jenkintown pennsylvania 19046 (215) 884-7500 Telex: 834653 



c Gellman Research Associates, Inc. 

Dr. Lewis M. Branscomb 
August 23, 1976 
Page 2 

relationship between science and those activities which lie downstream in 
the process of innovation and which must be successfully completed if 
significant economic growth and development are to be realized from the 
achievements of science. I would add that to express the mandate of the 
task force in these terms promotes our consideration of critical public 
policy issues which have great political significance and which a responsible 
presidential candidate--and President--must address. 

Given my present time constraint, I can now o~ly hope to provide a 
partial list of issues which need to b~ventilated"in the context of the 
Science Policy Task Force. If any of these need to be fleshed out and you 
believe that I can make a contribution by doing so, perhaps my secretary 
might be told while I am away so that I can get right to it when I return. 

(1) In fact, most of the issues that require urgent attention are 
fairly obvious to those who have been longtime students of science policy 
and the process of technological innovation. For example, the role and 
status of the tatent sxstem in the United States, and the relationship of 
the United Sta es patent process to that of other nations requires review 
once more. But this time such a review and analysis must have more of an 
economi~-t~chnology orientation in contrast to the largely legal approach 
which most previous government~sponsored studies have taken. Mr. Carter 
might be well advised to recognize this in any science/technology policy 
statement. 

(2) Science and technology policy formulation and execution suffer 
substantially from a paucity of relevant data. We do not know nearly as 
much as we should about the quantity and quafity of resources going into 
science and technology development and into technology delivery systems-
and yet i:nuch useful data are readily 11 gatherable. 11 On the other side of the 
data equation, by what means, and in what terms, should we measure the 
contributions of science (and of technology) to society? How do we identify 
the value which flows from such activities and identify the individuals and 
institutions which are benefited thereby? 

ientific and technological 
~~~~~iil-'l@liW@l~-iW!l@o.l~~~~~~~~~.id.i.~~~~m~o~e~an s ou 

better the interests of the Uni e States. What 
effects do constraints on international flows of scientific and technical 
information impose upon United States scientific and industrial development 
and are the costs overweighed by the benefits, whatever they are found to be? 

100 west avenue jenkintown pennsylvania 19046 (215) 884-7500 
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(4) There is a great need to project the requirements for scientific 
and technical manpower with greater accuracy and to "track" the supely of 
such ~ersons in such a way as to promote the development o¥·tfie·necessary 
skiiis""iii'"'advance of a national requirement for them. Perhaps we should 
suggest what means are at hand or can be deveTopea"in the public sector for 
stimulating relevant science and technology education where such is 
warranted (and to indicate how the present administration has failed 
utterly in this regard). 

(5) It is my strong view, as you may recall from previous contacts, 
that not only do science and technology policy go hand in glove but also 
that we operate much more in the dark than is necessary when we do not know 
as much as we can learn about innovation as a pr2cess. This leads to the 
unhappy observation that the substantial resources devoted to the two programs 
initiated by the Nixon-Ford administration which were expressly intended to 
illuminate the process of technological innovation have largely been failures. 
In fact, the NSF/ERDIP program has, if anything, done far more harm than good 
not only because it has produced little useful knowledge and has actually 
led to the drawing of some very wrong conclusions. ~Jhile NBS' ETIP program 
has been somewhat more productive, even there the insights derived have been 
far less broad and deep than they ought to have been. It is worth pointing 
this out, I believe, in order to state forcefully that the .G.artJll' 
admjpj5tr9tigp wgpld redress the present situation by ideotjfyioa the relevant 
issues ~d e~tablishing the mechanisms through which the public sector (as 
well as the private1 can ef~icientfy and speedily gain the requisite 
knowledge about the ~rgcess of innovation and then build science and 
technology policy upon a firmer foundation than has ever been the case in 
the past. In this regard it may be worth observing that the.!]creation of 
the Offig.,,of ,S,_<;i_ence, 8gyjsor to the eresiden,t will give the new Pres1denr 
the opportunity of selecting people for such posts who understand the role 
that science plays in a society such as ours--individuals who understand 
that the value of science is importantly bound up in the extent to which 
science is ultimately exploited in the form of beneficial innovations which 
reach the marketplace. 

(6) Another area which needs to be examined by the new administration 
concerns the extent to which the federal government grants (and can grant) 
a measure of exclusivitx to those who develop technological possibilities 
with some federal support. Certainly this issue is not a new one but it is 
one that has not been thought through, in my judgment. Governor Carter may 
wish to observe that intelligent policy here can be developed only with some 
appreciation for the major magni~ude of the costs which society bears as a 
result of the nihilistic philosophy which currently prevails in Congress and 
the Administration on this issue. 

100 west avenue jenkintown pennsylvania 19046 (215) 884-7500 
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{7} Associated with the immediately preceding comment is the suggestion 
that a legitimate concern of science and technology policy ought to be the 
extent to which the federal overnment should continue fundin R&D ro·ects 
w ic are carr1e out b en 
rather than a product or service introduced into the marketplace. The criteria 
need to be developed by which decisions are made as to whether a given R&D 
program is more appropriately the province of a specialized R&D firm or of 
enterprises which have an interest in seeing successful R&D results translated 
into innovations. Unfortunately, there has never been proper consideration 
of what constitutes appropriate public policy in this area. 

Given the little time I currently have to go further, Lew, I will break 
here with the expectation of hearing from you if you would have me do anything 
specific to support the work of the Task Force. Incidentally, I would be 
pleased to know the other Task Force members and how Governor Carter 
anticipates using its output. 

I had the great pleasure of meeting your wife recently--in the context 
of the Carter campaign I should add--and I would appreciate your conveying 
my regards to her. 

Enclosure 

cc: Harry K. Schwartz 

AJG:mrp 

Cordially, 

(}. 3. Cf11nn a/YI, 

Aaron J. Gellman ~ 
President 

100 west avenue jenkintown pennsylvania 19046 (215) 884-7500 
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SC_I ENCE, TECHNOLOGY AND INNOVATION 

Science does not exist in a vacuum. Science has significant 
~ 

value to society only if its development is followed by exploitation 
. ;;:;:;;co ~-== ~-====== 

through the generation of technology which, in turn, is used to -
support innovation. 

_;ifl\_ 

With few exceptions, science is most effective when it is pur-

sued with at least a minima~ appreciation for the downstream uses 

of science in the forms of technological possibilities and jnnovations. 

;As is now being widely appreciated for the first time, there is 

. a complex process of innovation which must be worked through if the 

benefits of science ar~d of technology are to be 11 del ivered" to the 

market in timely fashion so as to benefit society. 

The process of innovation breaks down into several specific and 
zar 72-sa 0 u:zs:::7"i6 .......... 

identifiable pha~es. In general terms, these phases are: (1) the 

conception/research and development phase; (2) the..Qroduction phase; 

and (3) the marketing or diffusion phase. All too often it has been 

assumed that innovation is synonymous with research and development 

(R&D) and, in its most virulent form, this notion has led to the 

further assumption that R&D output leads 11 autorr.atically" to "innovation". 

Since innovation does not take place -- or more precisely -- since the 

process of innovation is not complete until there is introduction of 

the technology into the market in the form of a product or service, 

it is clear that there is no guarantee that "successful" R&D efforts 

will lead to innovation. For those necessary phases and activities in 
i-

i 

GELLMAN RESEARCH ASSOC:I/, TES INC. 
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the process of innovation •t1hich are 11 downstream" from R&D but \'1hich are 

prerequisite to _innovation, the term "technology delivery system" is 

appropriate. 

In quantitative terms it has become clear that the bulk of the 

resources required to carry through the process of innovation are 

·involved in the tethnoloq'{, gg]j_~~Q(....S.Y~t.em,_t;~~-~~<;,,~n·~-

. ception/R&D activities. Specifically, in the typical case some ninety 
•• ""'"-· _ .x.c:: -·-·~d-"ll .. a- ',,._,.,,~,•~-··= --·--~ 

percent of the resources required (when calculated in monetary terms) 

are consumed in the technology delivery system (Figure l) wh.ich 

obviously makes this a far more important and highly leveraged set 

of activities than has generally be recognized. In qualitative terms, 

regard.I ess of the character of the resources, both human and otherwise, 

which are committed in the R&D phase of the process of inrovation, the 

resources required in the technology delivery system are not only 

more extensive, but are generally far more varied since they encompass 

all manner of activities ranging from engineering to advertising, 

from production to transport. Figure 2 presents a flow ch~rt diagram 

showing the expansion of activities from basic research through tech

nology delivery in the process of innovation. 

Since the innovation process is completed only with tl1e 11 de1ivery 11 

of new products (or services) to the marketplace, it is most important 

that the structure of the technology delivery system be largely market-

determined. Tliere are, nevertheless, several very important ways in 

which the government can effectively foster beneficially technological 

innovation. 

/ 

GELLMAN RESEARCH ASSOCIATES INC. 
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Figure 1 

TYPICAL DISTRIBUTION OF COSTS IN SUCCESSFUL 
PRODUCT INNOVATIONS. 

Research-
Advanced D2velopment-
8asic Invention 

Engineering <Jnd 
. Designing The Product . 

Too!ing-·-
Manu f<Jc i uring Engine~ring 
(Getting Re:dy ~or i.~anuf;scture) 

Manufacturing 
Start-up fxpenses 

Marketing 
Start-up Expenses 

Percent 

5-10% 

10-20% 

<:0-607!. 

5-15% 

10-257:. 

0 10 20 30 40 50 60 70 80 

Source: Robert L. Charpie, Techno1ogical ·Innovation: Its 
Environment and Man:i.gement, U.S. Department of Commerce 
Report; GP0:0-242-736 (Washington, 1967). 
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Government has especially high leverage where economic 

regulation is applied. Certainly, the directly regulated industries 
pm . . . =~!?.fE...~ --·---·?.""'=~ 

{such as transportation, communication, power, etc.) operate under 

sions that inevitably imping~ upon the process of innovation. Again, 

other governmental rules and regulations, including those related to 

health and safety, and antitrust, influence, if not completely bound, 

what _innovating entrepreneurs and managers of tech no 1 ogy. deli very 

systems can accomplish. It is therefore incumbent upon government to 

and technology delivery of the policies, procedures, rules and deci-

sions .and which relate to the practice of entrepreneurship either 
·-· - -- - - . 

directly or indirectly. Jobs are at stake as is economic growth and 

a more equitable distribution of income. Clearly, technology or inno~ 

vation policy are critical to the nation's long-term economic well-being. 
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EXTERNAL BENEFITS AS A SPECIAL CONCERN OF 
TECHNOLOGY POLICY 

Among the b~nefits of innovation -- new employment possibilities~ 

new classes of products and services, more efficient use of resources --
c 

are a class of benefits of special interest for government. These are 

the external benefits which often flow from successful innovation. 

They are 11 external 11 because they are not reflected in the costs experi-

enced by the producer of an innovation; nor are they ref"! ected in the 

prices paid by the purchasers. 

-The principle of external benefits may be illustrated by a simp.le 

example. A highway safety program to improve highi,.1ay condit·ions and 

to educate drivers to safety hazards costs the government money for 

the material and labor which are directly expended in {he program, 

costs ultimately paid by the taxpayer. If successful, the program 

~ill have benefits, however, which are external to the purchase of 

materials and the hiring of personnel. A decline in traffic accidents 

will generate substantial savfogs by freeing the resources of the 

health care system, the police, the courts, and especially the personal 

financial resources of individual families, so that~they may be· devoted 

to other, more positive ends. Perhaps the most important external 

benefit of such a program is the substantial saving in human capital 

which it makes possible. None of these benefits are reflected in 

the direct cost of the program, nor in the price paid by the taxpayer 

for it. 

Externalities can be positive or negative, depending upon circum~ 

stances. Negative externalities, or external costs, can also be 

,·-=-:·r ; 
_, -_-, 
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of profound concern to the government. For instance, the American 

SST was defeated in the Congress largely because of alleqed external 

costs associated with innovative aircraft designed to permit super-

sonic airline flight. These anticipated external costs, of course, 

jnclude the sonic boom and atmospheric pollution primarily related to 

the ozone content of the regions in which such aircraft must operate. 

Government should encourage the development of innovations which 

show great advantages in beneficial externalities. Government should 

also inhibit the introduction of innovations with significant external 

costs, since, by definition, these costs will not be reflected in the 

market price for such innovations, depriving consumers of necessary 

guidance in their opt·imal use. Gover.nment, therefore, has a part to 

play in determ1n~ng, first, the size and sign of the net externalities 

. associated with specific actual or potential innovations and, second, 

the types or classes of R&D activities that are most likely to convey 

substantial external benefits. 

As for government encouragement of innovations which have great 

net external benefits, it is worth noting that each step in the 

technology delivery system has its own externalities both as to charac-

ter and as to impact. The earlier the step is in the process, the 

greater the extern~l benefits as compared with the resources expended. 

This is because the R&D efforts which come early are the indispensible 

bas for what follows in getting the benefits of technology to the 

public. These R&D benefits, however, are importantly external and 
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largely can be realized only through completion of the innovative 

process ··- only by vwrking through the technology delivery system. 

Therefore it does not make substantial sense on economic grounds for 

government to be a major contributor of resources to commercially-

oriented R&D activities. In f~ct, generally the more federal support 

is provided at the upstream or research end, the more justifiable is 

such support since, other things equal) the externalities are rel a-

tively greatest there. As we proceed through the system of technology 

delivery for civilian-oriented innovation the benefits of the invest-

rnents in technology and innovation become more 11 captureable 11 by the 

private sector so that little or.no federal support in the form of 

grants or contracts is required or is justified. The support that 

becomes most meaningful -- and most important -- as the technology 

delivery system gets closer to the market is related to removing 

barriers to the compl~tion of the process. 

Additionally, government can foster innovation thr~ugh programs 

to educate entrepreneurs and managers of the technology delivery sys-

tern concerning the myriad complexities and challen,.ges of the process 

of innovation. This may be accomplished through the achievement of 

a better understanding of the process itself. A measure of support 

for R&D and for innovation on the part of government, for example, 

could come through the development of better statistics through which 

we could know with some precision the level of the reservoir of R&D 

results, and through which we could know the absolute and relative 
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levels of resources going into innovation from year to year. As it 

is, we are forced to use R&D expenditure data as poor surrogates for 

the total resources going into the innovation process. This is most 

unfortunate since (a) R&D accounting by various entities is anything 

but uniform, (b) R&D expenditures are a minor proportion of the 

resources necessarily committed to achieve successful innovation and 

(c) there is typically a substantial -- and varying -- lag between 

the end of the R&D phase of innovation and the actual introduction of 

an innovation into the market. In short, if we knew more about what 

was going on from time to time across the innovation spectrum, even 

on a macroeconom~c basis, we could allocate resources, both public and 

private, more wisely to R&D and to other innovation-related act'ivities. 
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A NOTE ON SCIENCE AND TECHNOLOGY AND THE PRESERVATION 

OF THE U. S. COMPETITIVE POSITION 

A great deal has been published concerning the roles of science, 

technology and R&D relative to the Unit~d States position in international 

markets for R&D-intensive products such as aircraft, jet engines, nuclear 

reactors, etc. In a recently published report, the Natiorial Science Board 

itself makes the point that the United States is beginning to fall behind 

other industrialized nations in terms of its R&D output as measured against 

various standards such as gross national product, productivity, etc. This 

lends considerable support to the view that the Nixon-Ford administration 

has let the country down in yet another fundamental way. It also suggests 

that substantial scientific research and technological development are 

required to re-establish the United States competitive position vis-a-vis 

other highly industrialized nations. 

With respect to the sorts of R&D that have the highest payoffs in the 

context of exports and the nation's balance-of-payments position, it is 

useful to distinguish between process innovation and product innovation even 

though the two forms of innovation are often interrelated. In many respects, 

national comparative advantage in competitive situations is most effectively 

obtained and held as a result of an underlying process that permits a 

different and superior product to be turned out. In aviation this was 

demonstrated in the years following World 14ar II by the publicly-funded 

heavy press program. 
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The heavy press program resulted from R&D and associated government 

activities which underlay the development, procurement and installation 

of very heavy presses to prqduce unprecedentedly large extrusions. In 

turn, these large extrusions permitted the U. S. aircraft industry of that 

period to achieve successful market results with lighter-weight, lower-cost, 

civil transport aircraft because the United States among free-world nations 

was for some time preeminent, if not alone, in having such processes. The 

heavy press program, then, helped to establish and maintain for a consider

able period the U. S. competitive position in the aviation field. 

R&O in support of process innovations often leads to the least perish

able sort of competitive advantage which suggests that a substantial propor

tion of R&D resources should be devoted to generating processes which will 

be made available to U. S. industry and serve to keep U. S. products on the 

frontiers of technological possibility even while they remain economically 

competitive in world markets. 

Those engaged in R&D product planning, whether in the public or private 

sector, whether related to domestic or international markets, must be 

sensitive to a wide range of public policy issues. As an illustration, 

consider such issues which can and must influence the development and pro-

-duction of new types of aircraft and aircraft subsystems. One example will 

suffice to make the point: Given the march of technology and of time, it 

can be projected credibly that before the close of this century an aircraft 

designed primarily for airfreight services which is on the order of twice 
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of the size of the Boeing 747 will be technologically and economically 

feasible and at the same time will find a large enough market (domestic 

and overseas) to require production of a significant number of units. 

But 11 significance11 in terms of demand has different implications for 

different parties to the process of innovation. The demand may be signifi

cant in terms of the airlift capacity the market requires; again, the ton

miles of airfreight transportation per year which can be produced by the 

new fleet may be quite dramatic as compared with the present airlift 

capability of the world's air carrier network. But for airframe manufac

turers, given the nature of competition and their production cost functions, 

the quantity of aircraft required may not represent an opportunity to 

achieve long production runs, relatively low-cost production and profits. 

And this raises a number of public policy issues which are very much linked 

to the R&D resource allocation and R&D project specification decisions. 

For the sake of argument, accept that over a 10-year span the total 

anticipated production run of a large cargo aircraft with a maximum certifi

cated gross takeoff weight on the order of one and one-half million pounds 

(about twice the Boeing 747 or Lockheed C-5 in "size") would be about 250 

units. This is a relatively small unit demand for an airframe company, 

·especially if more than one producer is anticipated in this segment of the 

worldwide market for transport aircraft. This hypothetical, though believ

able, situation gives rise to two very important issues which, once more, 

are highly relevant in the context of aviation R&D policies and programs, 
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given the fact that the way these issues are resolved will very much 

determine whether the hypothetical aircraft can in fact·be built in the 

United States by manufacturers in the private sector. 

The first of these issues relates to the antitrust field. In order 

to generate enthusiasm from the airframe producers (and perhaps in the engine 

area as we 11} it may be necessary to a 11 ow otherwise competitive firms to 

get together and form a joint venture or consortium which would then develop 

and produce the large cargo aircraft the market has been judged to require. 

Early in the planning process, it is critical to determine whether antitrust 

policy will permit such cooperation between otherwise competitive producers. 

It is no longer acceptable for lawyers and agencies that establish and 

modify antitrust policy to say they cannot deal with such issues until the 

specific situation is presented to them. Not only does such a posture 

needlessly burden the technology delivery system but it also makes it highly 

unlikely that private capital will come forward to support development and 

production of such an aircraft because uncertainty in this regard beclouds 

the project. The antitrust issue must be settled far in advance of its 

becoming a tangible constraint; if this is not done, massive R&D resources 

might be misallocated and, perhaps even worse, the United States might miss 

the boat entirely where a very substantial domestic and international market 

is concerned. 

A second issue which is to some extent mutually exclusive with the 

antitrust issue relates to participation of United States firms in 
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multinational consortia. Given the necessity to make a choice between U. S. 

participation in multinational consortia and an all-U. S. cooperative venture 

between otherwise competitive manufacturers, the public policy issues must be 

ventilated thoroughly and early so that an unequivocal position emerges which 
\ 

is then supported by specific federal action or programs. Only in such a 

cljmate can ~e expect maximum private-sector participation in research, 

development and beneficial innovative activity. 
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A NOTE ON THE ECONOMIC MULTIPLIER EFFECTS OF R&D EXPENDITURES 

Given the paucity of data economists have to work with, it is very 

difficult to be precise in estimating the size or character of the economic 

multiplier of research and development expenditures. The causal relation-
l• 

s~ips that determine the effects of R&D expenditures are myriad and usually 

highly complex. Moreover, they are frequently displaced in time and 

geographically spaced such that they are difficult, if not impossible, to 

· detect--at least with present data. Based upon statistical evidence derived 

from numerous industrial settings and numerous countries, it can be asserted 

that those industries and nations which have the benefit of substantial R&D 

programs seem to fare much better in an ·economic sense than those which do 

not have such underlying support for their growth and development. 

With respect to public policies which can favorably influence the 

economic multiplier of R&D expenditures, such policies can operate in either 

or both of two general areas. First, policy can be designed to increase the 

multiplier directly, i.e., lead to the generation of R&D results in such a 

form that they will be more highly leveraged in the economic development 

sense than has usually been the case in the past. Second, public policy can 

explicitly seek to reduce or eliminate many of the lags that are present 

where R&D results are being .translated into marketable products or services. 

It seems clear that the formulation of policies and programs which deal with 

the latter area should have the highest priority at the present time. This 

is because an R&D result, without more, is essentially the sound of one hand 

clapping from the standpoint of economic growth and development. Even the 
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most successful R&D effort will not in and of itself generate employment 

and economic activity beyond the R&D project itself unless the opportunity 

presented by the R&D outcome is exploited in the context of a market. This 

is where "technology delivery" comes in. 

The efficiency with which the technology delivery system works very 

much determines the economic multiplier both in absolute terms and in terms 

of the discounted value of that multiplier. It is important to recognize 

that the multiplier should be couched both in absolute and discounted terms 

given the fact that timeliness is of great importance not only to industrial 

entrepreneurs but also to those concerned with public policy formulation and 

with the allocation of public funds to R&D and other activities associated 

with innovation since they seek from such policies and expenditures the 

greatest possible beneficial results. It all adds up to the proposition 

that those concerned with R&D and innovation in both the public and private 

sectors, whether they are responsible for formulating policy or because they 

allocate relevant resources, must be aware of the technology delivery process 

which inevitably lies between the successful completion of R&D and the market 

introduction of a viable product or service. Indeed, with the very limited 

exception of those engaged in performing or managing pure research activities, 

all individuals concerned with R&D and technological change must be thoroughly 

familiar with the-barriers and catalysts to the market introduction of 

products and services embodying R&D results. Unfortunately, all too often 

there has been a tendency to go about the nation's R&D business with· too 

little regard for the necessity of translating R&D results into marketable 
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products and services. The waste that has resulted from this special sort 

of myopia has reached new heights with the present Administration; the 

situation must be redressed. 

Perhaps the best way to bring an end to the general failure to couple 

R&D results to a marketable product or service is to place the responsibility 

for gaining an understanding of the technology delivery system on those who 

fonnulate policy and allocate resources relative to R&D itself. Specifi

cally, where government is concerned, those responsible for R&D program 

planning and execution must henceforward consider, analyze and assimilate 

knowledge of the technology delivery system both as it related to R&D 

programs in general and to specific major R&D efforts in particular. This 

will require a substantial broadening of the present scope of "R&D activities" 

in those agencies which spend or administer research funds so as to assure 

that R&D managers become well-grounded in technology delivery system problems 

and opportunities; but this will be a modest, if highly beneficial and 

profitable investment for the public to make since, without a sufficient 

stock of intellectual capital about the technology delivery system, it is 

impossible to achieve the best allocation' of R&D resources in terms of 

ultimate benefits for the economy. 

The present Administration has been unable to promote conversion of 

even a small proportion of the R&D results and technological possibilities 

developed with public funds into innovative goods and services which will 

benefit the nation. As the new Administration acquires and diffuses the 

requisite knowledge of the technology delivery process through appropriate 
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government agencies and the industrial sector alike, the U. S. can look 

forward to both substantial and desirable economic development as both 

existing and future R&D results and technological possibilities are 

exploited to the full for the very first time. 
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R&D IN SUPPORT OF GAINS IN PRODUCTIVITY 

The concept of productivity refers not only to labor but also to capital, 

land, energy and other resources. In the present context, another dimension 

of productivity needs to be explored--that of 11 R&D productivity." 

All engaged in establishing R&D policy and in allocating resources to 

R&D activities need to know a great deal more about the use to which successful 

R&D results are put and about the technology delivery system through which 

such results must flow in order to reach full flower in the form of successful 

innovation. Determination of the productivity of R&D requires detailed 

understanding of these subsidiary processes and, once obtained, it is possible 

to develop at least relative measures for R&D productivity through which to 

compare R&D productivity across industry lines and even across international 

lines. Clearly; then, a modest amount of the public resources devoted to R&D 

should be devoted explicitly to the development of both absolute and relative 

measures of R&D productivity so that in future public policies in the United 

States can be established and implemented on a far more enlightened basis 

than has been the case to the present. 

Concerning productivity in more conventional terms, it is worth noting 

that a recent National Science Board publication~ Science Indicators 1974, 

states (page 22) that "while the effect of R&D on productivity growth is not 

known precisely, the general conclusion based on a large number of studies 

is that the impact of R&D is pos-:itive, significant, and high. 11 Not only is 

this "general conclusion 11 consonant with logic but it also is supported by a 
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substantial body of circumstantial evidence; yet the present Administration, 

claiming to be dedicated to the enhancement of labor productivity, has none

theless proceeded to cut resources to science, both basic and applied, not

withstanding the jeopardy· in which it places the nation's war upon inflation, 

which requires heavy reliance on both short-term and long-term productivity 

gains. 

The precise relationship between productivity and the level of R&D 

activities is difficult to determine with any degree of precision because of 

the complexity of the relationship and the varying and often great time lags 

between the undertaking and completion of R&D on the one hand and market 

introduction of a product or service on the other. It is nonetheless 

important to recall that there is much indirect evidence that there are 

important linkages between R&D and productivity. Consequently, in contrast 

to present Administration behavior, the Carter administration will not be 

asking whether the nation can afford to continue both public- and private

sector support for R&D activities but whether it can afford not to support 

such R&D activities, perhaps even at a higher level than has been the case 

in the recent past (as measured in real terms rather than dollar terms). 

In this connection, support for R&D on a national level should in a 

·sense be viewed as something as an insurance policy that provides the nation 

with the reasonable expectation that we will not be caught dangerously short 

either in the context of worldwide market competition or with respect to 

productivity gains. To deny public support to the science community and for 
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certain types of R&D is similar to the curtailment of public funding of 

fire companies with the critical difference that in the case of science and 

R&D the lags are usually so.very long and the loss of skills so difficult 

to re~erse that if one subsequently found there was insufficient support 

for R&D activities, it would be difficult to re-establish a position simply 

by throwing massive resources at the problem in the hope of playing catch-up 

successfully. Yet the Nixon~Ford era has seen a growing anemia in the 

science and R&D communities in the U. S.--in sharp contrast to the situation 

in certain other parts of the world. This situation can and will be 

reversed--beginning next January. 
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TOWARD A TRANSPORTATION R&D POLICY 

Introduction 
' 

Transportation is of special significance in the American economy. 

It represents a "universal input" to virtually all goods and services and 

the efficiency (or inefficiency) with which transportation is produced 

reflects itself directly and swiftly in the prices of myriad products and 

services. It is therefore of prime importance that the technology employed 

in the transport sector always be that which produces transportation at the 

lowest feasible long-term cost. This requires that all appropriate techno-

logical possibil.ities be investigated and, if warranted, exploited in 

timely fashion in a transport context. 

The special relationship between transport and the rest of the economy 

gives rise to the generation of both actual and potential external benefits 

for society. Moreover, government is already deeply involved in transport 

production and regulation. Therefore, sound public policy requires explicit 

consideration of transport-oriented research and development (R&D) as a 

means for achieving desirable,. necessary--and practical--improvements in 

transport efficiency. 

External Benefits as a Special Concern of Transport R&D and Technology Policy 

Among the benefits of successful R&D when translated into innovation--

new employment possibilities, new products and services, improved trade 

balances, more efficient use of resources--are a class of benefits of special 
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interest for government. These are the external benefits which often flow 

from successful innovation. They are "external" because they are not 

reflected in the costs incurred by the innovating entrepreneur, nor are they 

usually reflected in the prices paid by the purchasers. Transport policy 

must address such issues because transportation generates abundant external 

benefits and costs. 

(The principle of external benefits may be illustrated by a simple 

example. A highway safety program to improve operati'ng conditions and to 

educate drivers to safety hazards costs the government money for the 

material and labor which are directly expended in the program, costs 

ultimately paid by the taxpayer. If successful, the program will have 

benefits, however, which are external to the purchase of the materials and 

the hiring of personnel. A decline in traffic accidents will generate 

substantial savings by relieving the resource needs of the health care 

system, the police, the courts, and especially the personal resources of 

individual families that were not subjected to the trauma of a serious 

accident. Perhaps the most important external benefit of such a program 

is the substantial saving in human capital which it makes possible. None 

of these benefits are reflected in the direct cost of the program, nor in 

the price paid by the taxpayer for it.) 

Externalities can be positive or negative, depending upon circumstances. 

Not only benefits are to be calculated: negative externalities, or external 

costs, should also be of profound concern to government. For instance, 

GELLMAN RESEARCH ASSOCIATES INC. 



/ 

-3-

advent of the Concorde has engendered legitimate concern on the part of 

government with respect to the possible external costs such as can emanate 

fr9m sonic boom and atmospheric effects primarily related to the ozone 

content of the regions in which such aircraft must operate. 

Government must make special efforts to encourage the development of 

innovations which show great promise in terms of net beneficial externali

ties. At the same time, it is proper for government to inhibit innovations 

with significant net external costs, since, by definition, these costs will 

not be reflected in the market price of either such innovations or of the 

services they produce. Consequently, consumers are deprived of the 

opportunity to make a thoroughly rational decision in the marketplace. All 

in all, then, government has a crucial role to play in determining the size 

and sign of the net externalities associated with both actual or potential 

innovations through its support for those R&D activities most likely to 

lead to the development of innovations which convey substantial external 

benefits net of external costs. 

As for government's encouraging innovations which have great net 

external benefits, it is important to recognize that each step in the 

overall process of innovation has its own externalities both as to 

character and impact. The earlier the step in the process, the greater the 

external benefits as compared with the resources expended. This is because 

the R&D efforts which come early in the process of innovation are the 

indispensable basis for what fol~ows in getting the benefits of technology 
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to the public. These R&D benefits, however, are importantly external and 

usually can be realized only through completion of the innovation process-

by working through the technology delivery system. In general, direct 

federal support provided in the upstream or pure research/R&D phase of the 

process of innovation is most justified since, other things equal, the net 

beneficial externalities are relatively,greatest there. As one proceeds 

through the system of technology delivery for civil, private-sector 

innovation, the benefits of the investments in technology and innovation 

become more 11 capturable 11 by the private sector so that less direct federal 

support in the form of grants or contracts is required or is justified. 

The support that becomes most meaningful--and most important--as the tech

nology delivery system gets closer to the market is related to removing 

barriers to the completion of the process. While this may require public 

expenditures for facilities needed to prototype or test equipment or 

components, the barrier-removal role of government is generally of a 

different character--though no less critical--than is government's role as 

sponsor of pure research and R&D activities earlier in the process. 

Not all activities in support of transport (or other) R&D and innova

tion are hardware-oriented. For example, government can foster innovation 

through programs to educate entrepreneurs and managers of the technology 

delivery system concerning the myriad complexities and challenges presented 

by the process of innovation .. This is best accomplished through acquisition 

of a better understanding of the process itself. A measure of support for 

R&D and for innovation on the part of government, for example, could come 

GELLMAN RESEARCH ASSOCIATES INC. 



, .... ···-··· ... 

-5-

through the development of better statistics through which it could be 

determined with greater precision the level and character of the reservoir 

of R&D results, and through.which both the absolute and relative levels of 

resources going into transport innovation from year to year could be 

determined. As it is, we are forced to use R&D expenditure data as poor 

surrogates for the total resources going into the innovation process. 

This is most unfortunate since (a} R&D accounting by various entities is 

anything but uniform, (b} R&D expenditures are a minor proportion of the 

resources necessarily committed to achieve successful innovation, and 

(c} there is typically a substantial--and varying--lag between the end of 

the R&D phase of the process of innovation and the actual introduction of 

an innovation into the market. In short, if more were known about what 

was going on from time to time across the innovation spectrum, even on a 

macroeconomic basis, both public and private resources could be more wisely 

allocated to transport R&D and to other innovation-related activities. 
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THE EFFECTS OF REGULATION ON TRANSPORTATION R&D 

Especially in transportation, among the elements in the process of 

innovation which lie "downstream" from the successful completion of R&D 

are many aspects of regulation. To the extent that such regulation promotes 

or thwarts the translation of R&D results into marketable products or 

services, then such regulation is highly relevant to those who allocate 

public and private resources to R&D activities as well as to those who carry 

out R&D projects. Since a very substantial portion of the innovations in 

transportation are greatly conditioned by the extent and character of various 

sorts of regulations, it follows that such regulations profoundly influence 

the nature and thrust of much transport R&D. 

Perhaps the most influential sorts of regulation where transport 

innovations are concerned are (a) economic regulation such as that promulgated 

by the ICC, CAB, FMC and several state and international agencies; (b) safety 

regulations issued by various public entities; and (c) environmental 

regulation as administered by a growing mix of federal, state, and local 

bodies. 

Environmental regulation is relatively new. For this reason alone, 

such regulation obviously interposes new and different barriers to technology 

delivery. Moreover, regulation of this character makes the exploitation of 

R&D results both more difficult and more expensive--as well as less certain. 

Consequently, such regulations cannot but make R&D productivity less than it 
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would otherwise be where the R&D is directed at the development of, say, 

an aircraft or a major aircraft component. 

In sharp contrast, environmental regulation has also opened up entirely 

new avenues for R&D activities. That is, once noise and emissions regulations 

became effective, there was (and had to be) some scrambling about to reorient 

R&D priorities to address environmental problems lest transport economic and 

technological progress be jeopardized or even thwarted. Here is a classic 

case where the imposition of regulations of a new sort have stimulated R&D 

activity and where, because of the stress on the amelioration of transport's 

environmental impacts, the translation of R&D results into products and 

components has been carried out more efficiently and more expeditiously than 

would otherwise have been the case. So it can be seen that regulation can 

be either a catalyst or a barrier to the exploitation of R&D results in the 

form of innovation and that some sorts of regulation can simultaneously be 

both a barrier and a catalyst to innovation. This is not to say that the 

class of regulation represented by environmental (and safety) regulation is 

wholly necessary or beneficial, but only that such regulation can catalyze 
I 

both R&D output and technology delivery, especially when such regulation is 

new and sweeping. 

Notwithstanding the foregoing, in the transport sector the effects of 

economic regulation on technological innovation are often the most profound 

even while being the most difficult to observe. It is surprising that until 

recently there was very little question but that the economic regulation of 
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industry in the U. S. was neutral as to technology. Certainly the Nixon

Ford administration has never even considered such a relationship, notwith

standing its critical natur~ especially in such pivotal areas as transporta

tion, energy, health care~ and communications. The Carter administration 

will not fail to identify and address such issues and will discharge its 

responsibility in such a way as to assure that exploitation of science, 

technology, and the process of innovation will be interfered with in the 

course of regulation only where it is clear that such interference is, on 

balance, in the public interest. 

With respect to government regulation, the new Administration will 

establish a mechanism that requires that the effects of such regulation on 

technological innovation be assessed as part of the regulatory process itself. 

A "technology impact statement" will be required of those establishing 

regulatory policy and issuing regulations of various kinds. The science 

and technology community will then have the opportunity (and obligation) to 

support or challenge such statements. This will be in sharp contrast with 

past practice where science and technology have literally been ignored in 

virtually all matters related to economic regulation. The new approach will 

itself be a substantial catalyst to the development of science and technology 

as it holds great promise of removing many of the perceived and real barriers 

to in~esting in science and technology that have grown up, especially since 

the present Administration took office in 1969. 
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Through the mechanism of the technology impact statement, it would 

be necessary for each agency charged with economic regulation to determine 

the effects and relationships between economic regulation on the one hand 

and technological change and innovation on the other. Detailed analysis 

of the technology delivery system in the transportation field clearly 

indicates that economic regulation imposed without regard to the effects on 

technological change and innovation has been one of the major forces leading 

to the discouragement (or distortion) of private-sector R&D activities and 

the wasteful and needless misallocation of both public- and private-sector 

R&D resources as a result of artificial economic regulatory barriers which 

were erected without any attention whatever being paid to the implications 

of such regulatory constraints on technological change and innovation. 

Merely to require regulatory agencies to address this critical interrelation~ 

ship would have substantial and early benefits for technological change and 

innovation and for the allocation of resources to the R&D activities 

underlying the development of technological possibilities. 
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DEVELOPMENT OF SCIENCE AND TECHNOLOGY POLICY: 2 

ROLE OF OSTP IN WHITE HOUSE 

This is an issue on which Nixon was culpable (having abolished 

OST and having fired his Science Advisor) and Ford is vulnerable. It can 

be used t~ show weak management of $25 Billion in federal Rand D programs. 

and to illustrate a mechanism for accomplishing reorganization of federal 

R and D for better effectiveness. 

See, also, supplementary paper by Harold Brown, prepared for 

Watson's transition preparations. It contains a convincing argument for 

a strong OSTP role, including support to the NSC in defe~se technology 

issues. 
p 

\ 

\ 



ISSUE: 

After four ~ears of abandonment by the present administration, 

OSTP has been recreated b~ statute. How~.e£fectively this office is 

staffed and used by Pres. Carter will be watched intensely by scientists, 

engineers and all tbese concerned with the technical components of 

public decisions. The key indicators are the personal relation of.the 

OSTP director to the President and white house staff, the scope of the 

OSTP, its role in reorganization and R and D management appointments, 

its utilit~ to the president for early warning and for keevinqt the 

agencies technical]~ honest. 



. The development of science and technology policy: role of OSTP 

PROPOSED POSITION: 

OSTP is a particularly important office in the Executive Office 

of the President because of the accumulated problems during the four 

years of republican neglect. The Director of the Office will also serve 

as the President's Science Advisor, in addition to his statutory duties, 

to insure that the President is aware of the critical scientific issues 

in major public decisions and to help the President foresee long range 

issues that result from new scientific knowledge. 

Scientists and engineers in America share ~ 

Gov. Carter's own conviction that the nation's technical capabilities are 

not as effectively contrihuting to the people's long term well being as 

~hey might be, andgA vigorou~, productive and well challenged scientific 
Thus, 

community is essential to th.is end,/ffhe OSTP will not be the voice for 

sciance in the White Hoast;1, but the voide of science and engineerimg 

providing objective evaluations of the technical aspects of important 

public matters. This high level, independent source of technical evaluation 

and .iudgement will help insuredthat individual departments and agencies 

do not take an excessively parochial view, that technical issues are dealt 

with on a consistent basis accrass the government, that technical risks 

are squarely faced before new programs are launched. 

OSTP will not attempt to rel~on its own staff for its evaluations. 

The president will insure that the scientific and engineering skills of the 

agencies are available for addressinq specific issues. More important, the 

OSXP will draw apon the best talent and experience in the nation, outside 

of government for advice. 

OSTP can make important contributions to better manaqement of 



federal R and D programs. The Advisorq Committee called for in the 

statute willcarrl.J out the mandate fo theCongress to consider alternatives 

for reorganizina the federal agencies dealing with science and technology. 

Thus OSTP will have a major contribution to the President's determination 

to streamline the governmental structure, improve its efficiency and make 

its activities more responsive to public needs. 

A critical factor in the federal government's technical~ 

competence and efficiency is the qualifications of the Assistant Secretaries 

for Science and Technologq or Research and Development in the major departments, 

and the heads of major indeoendent R and D agencies. The Director of OSTP 

will be provided hte opportunity to suggest experienced scientists and 

engineers for these positions, and will have the opportunitq to comment on 

their professional qualifications durina the process of White House review 

of proposed appointments. 

OSTP will have to deal with economic aspects of technoloaical 

issues; this calls for close workinq relations with the CEA and particularly 

with the OMB. There is no R and D proaram for which costs are not a matter 

of concern. OSTP will be expected to provide critical evaluations of proposed 

and on-going federal R and D proqrams of particular i~portance to insure 

that their qoals are technicallgppppropriate, the approaches and schedules 

and realistic and the benefits are correctly defined. These evaluations 

will be made available to the Director, OMB and will form a part of the 

budget and program development process. 

OSTP will give special attention to the development of the 

capabilities of state add @ocal qovernment to deal with technical matters. 

This is particularlq imvortant as increasinaly the politically difficult 

-----issues_ coneernina scientific l:Jtlestions ,involve subjective estimates of public 

risk. It is desirable to internalize as many of these decisions on the 
( 

local level as one can consistent with.a coherent national strateay. 
-------------

. I 



NIXON-FORD RECORD 

:. Destruction of the Office of Science and Technology, Nixon, Feb. '73, 

and dilatory efforts to re-establish a central policy-making capability 

by Ford (August, 1976). 

In Feb. '73, Nixon fired Science advisor E.E. oavid,-Jr., and 

used his authority under the reorganization act to abolish the Office of 

Science and Technology in the Executive Office of the President. Nixon's 

hostility to the scientific community was open. Evidence can be found in 

the "enemy list", in his orders to cut off all research support to M.I.T. 

(not carried out by the agencies), by his failure to name any;retipierit~ 

for the national medal of sciepce for over~ year and a half. 

As a result of this hostility the agencies of government began 

to lose contact with the new ideas arising in the ~niversities· and other 

laboratories. Worse, the President lost a technically competent mechanism 

for objective, independent judgments about technology issues arising in 

the agencies. By allowing the only technical expertise to exist in the 

agencies, he made the presidency helpless in the face of the narrow self 

interests of those agencies and their constituencies. Thus, for 4 years 

the federal government has been drifting, without a clear sense of 

purpose in science and technology, without strong management of the 

agencies, and with ineffective contact with the majority of scientific 

expertise, which exists outside government. 

Pressured by committees of both houses of congress, which held 

extensive hearings on the need to establish a central policy-making capability 

for science in the executive office, President Ford finally sent forward a 

bill to establish an Office of Science and Technology Policy. This bill 

was a watered down version of the legislation originating in the House and 



Senate. The President took little interest in it personally, turned over 

the entire matter to the Vice-President. Even after the bill passed and 

was signed in the early spring of 1976, months went by before the President 

sent up a nomination for the director of the office. This delay was largely 

the result of hostility to the choice of Dr. Guyford Stever, Director of 

the National Science Foundation,_on the part of conservative Republican 

senators. Thus Dr. Stever will take office as director of OSTP during 

the waning months of the term; little can be accomplished before January. 

The nation has suffered during this four year period of neglect 

of the responsibilities of leadership, not because science has suffered 

but because the attainment of important national objectives has been 

frustrated. The four years of lost time have extracted their toll in many 

fields - environment, health, energy, defense, economic vitality, and 

agriculture. In each case - and in others - the stimulation to 

excellence and the strength of coordination of federally sponsored R and D 

have been missing. 



ISSUES 

(}) 

SCIENCE AND TECHNOLOGY 
ORGANIZATION IN THE EXECUTIVE OFFICE 

OF THE PRESIDENT ... 

1. Should there be in the Executive Office of the President a 

Special As.sistant for Science and Technology/Director of the Office of 

Science and Technology Policy? 

2. If so, what are the appropriate functions? Line or staff? 

What size? 

3. What should be the relationships of such an office to: 

a) the line agencies; b) other White House Offices (OMB, Special Assistant 

for National Security Affairs, Domestic Council); c) outside agencies 

(Office of Technology Assessment, state and local governmentse) ? 

DISCUSSION 

One possibility (it was t_he case between the late l 940's and 1958, 

and from 1973 until now) is ·for the President to rely on technical inputs 
. . 

from line agencies (some of which are principally technical in nature, some 
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not) and from technical people in other White House staff components (OMB, 

NSC, Domestic Council). The President already has too many individuals 

reporting to him. It can be argued that he should get problem-oriented, 

not functional, advice; he doesn't need more representatives of special 

interests. During the period 1973-6, the President relied (in theory but 

not in fact) on the Director of the National Science Foundation for much of 

the needed technical advice outside the area of national security. 

Most observers argue that the White House/Executive Office struc-

ture needs, and·the President himself ought to have (if he is willing to use it)) 

a separate component which will provide advice technically oriented and 

staffed with highly qu.alified, technically trained people with a mixture of 

experience- -academic, bureaucratic, managerial. 

An example of its utility can be drawn from defense programs. -
These include such items as: the major weapons systems, their feasibility 

and management; the state of the underlying military technology; the 

decisions·-on when some area is ripe for a big push; and academic science's 

----------
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relations with the military and other national security agencies. It is the 

experiental result of several different regimes in the Defense Department 

that even a highly competent and analytical Office of the Secretary of Defense 

will over the years fall in love with its own progranis, no matter how dis-

passionate and competent a job it was able to do in analyzing and either dis -

posing of or advancing the programs of its predecessors. In general, the 

clout of the Secretary of Defense and his associates, particularly if he is 

respected for his abilities, will allow him to resist within the Executive 

;Branch opposing .views on his programs, perhaps even somewhat more than 

the merits of the case would justify. This is probably as it should be, but 

there should be a check somewhere in the system. Within the Executive 

Branch, this check can be provided by fiscal constraints, either through 

the Bureau of the Budget (now Office of Management and Budget) as was 

the case in Maurice Stans' day, or. the Treasury Department as in George 

Humphrey's. In principle, so can the National Security Council staff, 

although there is little precedent for this, even in its most imperial days 

'• 
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under Henry Kissinger. Outside the Executive Branch, Congress can 

provide a check. 

But none of these alternate sources of countervailing views has 

in the past or is likely in the near future to be able to provide a technically 

valid critique of defense programs.· Experience with BOB, for example, 

was that when it cut programs down or· out, the reasons tended to be quite 

arbitrary, without technical {or for that matter, programmatic, political, 

or strategic) basis. When the OST-President's Science Advisory staff 

attacked a progra.m, they had both better reasons and better alternatives. 

Thus decisions adverse to defense programs based on OST staff papers were 

less likely to produce butchered or voided programs and more likely to pro-

duce useful alternative programs. 

With respect to policy questions including the purposes of military 

forces; military strategy ~nd the capabilities of weapons systems; war 

gaming; vulernabilities, etc., the situation is rather more complex. It 

also includes the interaction of technical and military with diplomatic, 
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economic, and political factors in the equation of national security, 

specifically including arms control. There are in principl~ other agencies 

within the Government that can provide alternative policies in these areas 

to those of the Defense Department. Specifically these include the State 

•. 

Department, ACDA, and in the broader. area of national security Treasury 

and Commerce. Moreover, there exists already within the White House the 

National Security Council apparatus whose function it is to assess the various 

agency positions, analyze and compare them, come up with possible additional 

alternatives of its own, and then make recommendations to the President. In -. 

fact, though without technical competence in the other agencies the problem 

of finding a balance to DOD is more difficult, the NSC could serve to some 

degree in their absence. However, if NSC lacks a technical capability, either 

of its own or associated with it in a separate Executive Office/White House 

entity, the President and bis Special Assistant for National Security Affairs 

will find it difficult or im.possible to arrive at an alternative course of action 

to that presented by Defe_nse except by using intuitive or purely political 
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grounds. That would be and perhaps now is a most serious defect in lhe 

National Security policy structure. 

It can be argued that it is possible for both the NSC staff and the 

OMB staff to include scientific specialists of their own. Such an arrange-

ment would be better than having no identifiable scientific and engineering 

capability at all in the White House. But putting it that way immediately 

exposes a defect. With each having one, which technical input would be the 

authoritative one? Furthermore, recent experience suggests that if scientific 

and technical inputs are filtered through an organization whose purpose is 

other than that of giving a scientific or technical view or assessment, strange 

things can happen. The scientific evaluation of some question can easily end 

up being made by a political scientist or economist who once knew a scientist 

or took freshman physics. Overall decisions need to be made by generalists, 

and there are many generalists (including, fortunately, a number of political· 

leaders) who can understand authoritative technical advice and weigh it against 

other components. 
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The experience in the late 1950's and the 1960's was that BOB 

and NSC relied on the staff of the OST. The Budget Director, the National 

Security Advisor, and the President himself relied on the President's Science 

Advisor for technical inputs of some objectivity to provide them with options , 

to the courses of actions suggested by the various departments of the govern-

ment involved in national security (DOD, CIA, State, ACDA, etc.). Iri prin-

ciple that is probably the best system. Of course, the system will not work 

optimally if the President is not interested in the advice of his Scientific 

Advisor. It will work still worse if that attitude is smred by the Director 

of OMB and by the Special Assistant for National Security Affairs. But 

under those circumstances, not much can be done by way of structural 

change to improve the situation within the Executive Branch. 

To summarize, given willingness of the President and of his prin-

cipal National Security and Budget/Economic Advisors to seek alternative 

options and hear alternative evaluations (and the President can assure that 

this is true for the others if it is sufficiently true for him), the White House 
.. ~. . . '• .. ·. 
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structure needs a way of obtaining balancing views from various agencies 

with their own vested interests. Still more does it need relatively unbiased 

views from within the Executive Office. These views, particularly in both 

the program and policy areas of national security, must be soundly based 

technically. This is so in evaluating present policies and determining future 

ones, in considering expensive weapons systems with strong even if uriseen 

policy implications, and in being alert to new technological developments 

that can alter the national security picture. It is hard to see how this can 

be done without a strong technically oriented presence in the Executive Office. 

Organizationally, it seems most sensible to have it be a separate entity. 

The above description provides a framework for the analogous 

issues that arise in areas whose focus is principally domestic, and for which 

the organization in the Executive Branch, and in the Office of the President, 

is not so clear as it is for National Security. These include such matters as 

energy, food, and health. Though food might be thought to be comprised within 

the Departmen-t .of Agriculture·. and health within the. Department of Health, 
. . -. . .. ~· . . . . -

... ·. 
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Education and Welfare, clearly there are other interests involved. Con-

swners also have an interest in food, and the malpractice question shows 

that lawyers as well as physicians and patients are concerned with health 

(which has usually been too narrowly defined in any event). In these 

areas, the Domestic Council, of which the Director of OSTP is made a 

member by recent legislation, presumably plays a central role, though that 

Council has not yet shown a stature comparable to that of the NSC. 

The Science Advisor may be in the best position, in some of these 

cases, to pull together for the President the various aspects of an issue that 

crosses the boundaries between domestic agencies or between domestic and 

National Security agencies. An exal'!1ple is the effect of promotion of the 

domestic nuclear industry, which might have beneficial effects in producing 

energy domestically at a more acceptable cost, on the likelihood of prolifera-

tion of nuclear weapons to additional countries.· Another example is the effect 

of advanced technology on increased productivity, and possible effect of both 

. . 

together on the number. of available jobs. A third would be the prediction of 

. .. - . . . .. 

climatic change_ and its effect on food production. Obviously, some of these 
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examinations might well be assigned to other components of the Executive 

Office of the President. But the Science Advisor has in the past often pro-

duced for the President's consideration useful policy alternatives to .those 

suggested by the line agencies. On occasion, agency heads have wished to 

avail themselves of such advice from outside of their own departments. The 

Science Advisor has in .the past had a particular ability to call upon advi'ce 

from a wide variety of experts from outside the government. These individuals, 

some from academic, some from other nonprofit, some from business and 

industrial organizations have brought a diversity of viewpoints not easily 

found in the hierarchic and bureaucratic structure of government. This value 

bears on the issue of the size and organization of such an office in the Executive 

Office of the President. Twenty-five or thirty professional people of high 

quality, who have ideas of their own but who devote more than half of their 

time to working with panels of such outside experts have in the past proven 

to be an effective staff in terms of numbers and in function.· During the recent 

consideration of the question by Congress, arguments were made for a much 

smaller organization ~hich would.work principally'thro':1gh th~ line agencies. 
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and for a larger organizatio~ to take on additional functions. The former 

risks losing the ability to get inputs from outside of the government, the 

latter has the potential advantage (but also the disadvantages) of providing 

a greater degree of centralized control, as well as the disadvantage of the 

bureaucratization within the office itself that would go with a larger size. 

A President who himself has a technical background may be in 

less need of such an advisor, since he himself will look at these problems 

at least in part from a technological viewpoint. On the other hand, such a 

President would probably profit more from that advice, because he fs 

better able to understcind it and its implications. Increasingly the problems 

that a President will face will cut across the divisions between domestic and 

foreign policy, and across the various departments and agencies of the govern-

ment. The most impo~tant of them will have national security implications, 

economic and social implications,· domestiC and political implications, legal 

implications. Just as it is wise to have economic, political and legal advice 

on these broad questions, so it is wise to have techJJ.ical advice. Depending 
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upon the particular problem, it will be desirable to assign the staff action 

of producing alternatives and making recommendations on such issues to 

one or another of the advisors, depending upon the content of the problem, 

the President's perception of it, and his relationship with the individuals in 

question. 

A summary of the place of a Science and Technology Advisor to 

the President in the Executive Office of the President is as follows. If the 

President is to have only three or four people in the White House report 

directly to him, it would ·probably be unreasonable to expect one of them 

to be a scientist or engineer by training. If the President has as many as 

eight or ten such_ advisors, it would be wise for one of them to meet that 

criterion. 

The purposes· of an Assistant to the President for Science and 

Technology have included: to give advice to the President from the scientific 

and technological point of view on issues not wholly or. even primarily tech-

nical (such as the deploynient of an anti-ballistic missile, the prospect during 
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the 1960' s of an energy shortage during the 1970' s, the effect of pesticides 

on the human health); the state of health of the scientific and technical enter-

prise, the best methods of improving it, and the costs, monetary and other-

wise thereof; examining the overall research and development budget of the 

Federal Government, including agencies whose principal function is scien-

tific or technological, or whose principal expenditures are on science and 

technology, as well as agencies which have a broader function of which support 

of scientific and technological activities or of research and development is a 

component. Because the Office has been (and should be) small, the specific 

issues examined by the head of the Office have been limited in general to those 

that had high public visibility, seemed to him and his staff to have important 

long-term effects, involved substantial commitments of money and trained 

personnel, or held particular interest for some senior government official, 

particularly the President himself; to advise on scientific and technological 

considerations with regard to Federal budgets and to assist throughout the 

budget development process. · 
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A number of other functions have been suggested and at times 

included in the functions of the Director of the Office of Science and Tech-

nology/Special Assistant to the President for Science and Technology. 

These include: functioning as an advocate for the scientific and technological 

community, its programs and its well being, within the Executive Office; 

coordinating and assisting the President in g__enerai' leadership of the research 

and development programs of the Federal Government; aiding other levels 

of government in identifying and defining problems whose resolution may be 
• 

assisted by science, engineering, and technology. 

Of the functions mentioned in the previous paragraph, the first has 

often been mentioned by individuals in the scientific and· technical community 

as the principal one for the Special Assistant for Science and Technology. 

Indeed, this may necessarily seem to be so to that constituency. On the 

other hand to make that a substantial part of the role of the Special Assistant 

is to ·make him almost useless to the President in any of the other, more 

. . . 

important, roles indicated particularly in the first paragraph of this listing. 
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Of course, the Special Assistant for Science and Technology is likely to 

be aware of the special needs of that segment of American life. He should 

be aware of, and press, the abilities of science and technology to help solve 

national problems. But at the same time he needs to be aware of their limi-

tations in providing such solutions to problems which are at least as much 

political, social,· andeconomi.c as they are technical. His function is to 

assist the President; he should no more represent the needs of scientists .. 
and technologists _than the Chairman of the Council. of Economic Advisors 

should represent the professional mel£are @f ccono11Iis&so. The other two 

functions mentioned in the preceding paragraph have at various times been 

formalized by the chairmanship of the Federal Council on Science and Tech-

nology (in the recent "National Science and Tee Organization, 

and Priorities Act of 1976, 11 the "Federal Coo~dinating Council for Science, 

Engineering, and Technology11 and, in that same Act, through the Inter-

Govermne.ntal Science,. Engineering,. and Technology Advisory Panel. II 

Most of _th~se with experience in.the Federal Government would probably 
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agree that these functions are subsidiary. Past Special Assistants for 

Science and Technology have made considerable, though not always successful, 

efforts to delegate such functions. 

Key issues in the functioning of past Special Assistants and Directors 

of the Office of Science and Technology have been the relationship with the 

Office of the Speci~l Assistant for National Security Affairs (and with the 

Defense and State Departments)· and with the Office of Management and Budget. 

Of the questions discussed in this connection above, the most important are 

probably participation in the formulation of policy and program decisions, 

and in budget hearings by OMB, of the Director of OSTP or his staff. 

·Similar questions arise with respect to the Domestic Council and correspond-

ing domestic questions. 

With respect to the line agencies, it has been suggested that their 

R &D budgets be "authorized" by the pirertgr of O~TP-. This would involve 

an examination for technical validity and implications prior to or in parallel 

. . .· .. 

with the financial exam.ination by OMB. By analogy, negative decisions could 
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be overturned only by a successful appeal to the President by the agency 

head. But such a situation implies a substantially larger OSTP staff than 

now contemplated. 

Since the 1973 demise of the OST, Congress has set up an Office 

of Technology Assessment to advise its committees on various matters; 

the OTA's record of success has been mixed. With different responsibilities, 

different kinds of organizations, and responsive to different kinds of political 

•• entities (executive and legislative), the relations between OSTP and OTA ( 

will need to be worked out . 

The recent legislation set up within the Executive Office of the 

President a President's Committee on Science and Technology, including 

the Director of the Office of Science and Technology Policy as a member 

but not necessarily as Chairman. In fact, President Ford has named as 

Chairman of the··committee, Dr. Simon Ramo, while Dr. Guy Stever, 

formerly Director of the National Science Foundation has been appointed 

as Director of the Office of Science and Technology Policy. 
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The Committee is charged with examining and analyzing the overall con-

tent of the Federal science, engineering, and technology effort and organi-

zation, with issuing an interim report within 12 and a final report within 

24 months, following which the Committee shall go out of business in 90 

days unless the President before that time determines that it is advantage-

ous for the committee to continue in being. A new Administration would 

have to make a determination on the relationship to OSTP of such a com-

mittee, and the detailed nature of its studies. 

What needs to be done during the next six months? 

Legislation establishing an OSTP (plus a Panel, a Council and a 

Committee) was passed by Congress in April, after a year of House-Senate-

r 

White House negotiation. In July, President Ford named the Director of 

OSTP and the Committee Chairman, but not the (four authorized) Associate 

Directors of OSTP or the other panel members. Clearly, this is a holding 

act ion.· 
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A new President will have to: 

a. decide whether to work with the existing legislation (which 

contains some nuisances, but gives fairly wide discretion) or introduce 

changes. 

b. appoint (if he decides he wants one) a Director of OSTP and 

associate directors. 

c. decide how OSTP should participate in the formulation of the 

revisions of the FY 1978 budget. 

d. decide what relation OSTP will have with other White House 

offices. 

e. decide how OSTP will functfon with respect to line agencies. 
· ... 

The first signal would be the participation of OSTP Director in the staffing 

of technical positions in those agencies. 

f. decide what he wants the President's Committee on Science 

and Technology to do (including studies of government organization of S and T, 

and various long-r_ange plans} and what relation it. should have to the Director 

of OSTP. 
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g. decide which, if any, interagency questions should become 

the staff responsibility of the Director of OSTP. 

August 23, 1976 





BASIC RESEARCH 3 

This paper, prepared after extended consultation by Prof. 

Raymond Bowers, as approach to the one issue of greatest concern to 

university scientists and others engaged in research - the federal 

stewardship of the nation's basic research resources. 

A frank discussion of financi.al limitations and of respon

sibilities of the scientific community is envisioned. 

A speech to an academic or research audience, well covered 

by the technical press, could produce a favorable contrast to Ford's 

weak position. In such a speech the economic issues (see paper on 

this topic) should also be covered. 

Also attached is an excellent paper by Prof. Helen Whitely. 

One point is controversial: reorganization of federal R & D agencies 

into a Department of Science and Health. 

Further attached is a related paper by Aaron Gellman. 

Attached: Bowers paper 

Whiteley paper 

Gellman paper 



August. 24, 1976 

MEMORANDuM 

TO: M. Michaelis, 

FROM: R. Bowers 

cc: L. Branscomb 

c. Shepherd, 

Raymond Bowers 

109 Hanshaw Hoad 

Ithaca, New York 14850 

607-272-6794 

s. Eizenstat 

~~~ '~C9··v>U~ 

SUBJECT: Position Paper _on Support of Basic Research 

~· 

Lewis Branscomb asked me to send you a copy of the enclosed 

position paper. 

Some of the ide&s in the paper resulted from a conversation 

I had with H. Bethe but h~ has not reviewed the final draft. 

F. Long reviewed an earli~r draft. I want to acknowledge 

their help but you should not assume they are in agreement 

with all points made in the final Draft. 

The present ~ocument could be improved by further work. I 

would be glad to refine it if you feel it would be useful. 

However, t feel it is adequate to stimulate your first 

reaction. 



August 24, 197G Raymond Bowers 

109 Hanshaw Road 

Ithaca, New York 14850 

607-272-6794 (home) 

607-256-3810 (off ice) 

Position Paper On Support of Basic Scientific Research Prepared 

For The Carter Campaign 

Governor Carter should issue a statement to the press or give a 

speech concerning his attitudes to the scientific enterprise in 

the United States. This positi.on paper suggests some of the 

substantive points that sho~ld be made and also includes some 

language that might be used in public statements. 

I. Basic Position 

The United States must maintain a position of leadership 

in scientific research and steps must be taken to terminate 

the erosion of that posit~on which has occurred in the past 

·two administrations. . ! 
• 

He knows from first hand experience with nuclear energy 

how much the future of the country depends on a vital and 

productive research base. 

The highest level of research and the production of highly 

trained people to occupy critical positions in the private 
' 

and public sectors will be necessary as the nation deals with .. 
major problems in the areas of: 

To 

in 

Economic Growth 

Supply of Food and Materials 

Preservation of the Environment 

New Sources of Energy 

Quality of Health Care 

National Defense 

neglect these areas is to ensure that 

the U.S. will deteriorate; to invest 

the quality of 

inadequately in 

search will also threaten our .competitive position with 

to other advanced industrial'.societies .. 

life 

re-

respect 

' 
L 
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II. The Federal Responsibility for Basic Research 

Most of the nations' research and development is and 
. . 

should be applied, directed to solving specific problems 

relevant to our national needs. But this applied research 

and development draws on a reservoir of scientific knowledge 

which is supplied by basic research in the physical, biological 

and social sciences. Such research, whether on the structure 

of the nucleus, the genetic code or the mechanisms of visual 

perception is at the core of our scientific enterprise. It 

is valuable not only for its foreseeable applicability to 

national problems but also for its potential to·make revolutionary 

and unforeseen discoveries. Nuclear fission, the transistor, 

penicillin and even the~thermos bottle were products of the 

basic research laboratory. 

The National investment, federal and private, in basic 

research is only 13% of the total expenditures on research 

and develcipment (38 billion in 1976). But it is a vital 13%, 

- providing much of the fuel for the larger technical ~ 
' ~ ba.&i~ ~- 1-..-~-..:.1..: 

enterprise. Federal funds account· ror--ress than 10% of the SUL 
. l . . 
total expenditures. 

The involvement of the Federal Government on a major 

scale in the support of basic research resulted from the 

.lessons we learned in World War II. The knowledge that 

results from such research is public knowledge to benefit all 

of our people; that is why the government must support it. 

Much of the basic research is conducted in.Universities 

providing them with an important means for contributing to 

the solution of national problems, as well as contributing to 

their educational goals. 

III~• The Problems 

The past two administrations have dissipated the morale 

and sense of purpose that characterized the scientific re

search conununity in the sixties. They did this by: 

1) An excessive emphasis on sho~t term returns from 
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scientific research. It is very questionable whether these 

policies increased short term returns; it is certain that 

the policies have discouraged important research of a long 

term character. 

2) Abolition of the Office of the Science Advisor to 

the President, which closed an important avenue for the 

contributions of scientists to national policy formulation. 

3) Reducing the effective level of federal investment in 
constant 1967 dollars 

basic research. If the funds are expressed in~so as to take 

into account inflation, the federal investment dropped from 

a peak of 2.2 billion in 1968 to 1.9 billion in 1974. Total 

Federal R&D investment dropped from 1.7% of the· GNP in 1968 

to 1.2% in 1974. For 1:976, the investment remains near 1.2% 

of the GNP. It is ironic that these changes occured at a 

time when the importance of R&D intensive products to our 

balance of payments was increasing substantially. 

Among the consequences were: 

l} Growing conviction in the scientific conununity that 

the federal government wa;; losing interest in support of 

·research. 

2) .·Severe budgetary problems in a number of areas, e.g. 

engineering sciences, physical sciences and mathematics, le~d

ing to-reduction of productive programs. 

3} Substantial discouragement of talented young people 

wishin~ to become scientists. Their loss is serious because 

they are necessary for the renewal of the 'enterprise. 

4) Many young scientists were forced to accept employ

ment in situations where the country could not benefit from 

their skills. 

5) New scientific initiatives were stifled because 

prospects for new programs seemed very unfavorable. 

6) The growth of a dangerous conservatism in the 

conduct of research programs. 

IV. What Needs To Be Done 

Improvement in the situation will require efforts on the 

.., 
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part of the Federal Government and the scientific community. 

Neither can solve the problems alone. A new partnership is 

necessary and it is feasible. Increased expenditures may be 

necessary in some areas even recognizing that investment in 

science must compete with other national needs. The policies 

must be oriented to the long term; moderate but stable growth in 

funding will be more effective.than short term major increases. 

a) What the Administration Should Do: 

1) Express its commitment to a long term.view of federal 

support of basic research. 

2) Provide stability to the funding with a moderate growth 

rate in line with the growth of the over-all economy. 

3) Except in cases of national emergency, avoid crash 

programs or even progr~~s with high rates of growth that can 

not be sust2ined. They are wasteful of human and financial 

resources. 

4) The Science Advisor to the President should be 

charged to review the mechanisms and proceedures for support 

of basic science, most of '.which have their origins in the post 
' World War II period, and make recommendations for bringing 

them in line with current conditions. Since much analysis of 

these problems has already been undertaken, it is feasible 

that the Science Advisor could make a report within a 6 month 

period. 
" 

5) Adopt policies which will provide an appropriate 

balance between sustaining existin9 institutions of the 

highest quality and the development of new centers of research 

based on innovative proposals. 

6) Direct mission oriented agencies to support programs 

of basic research relevant to their mission. By this means, 

· diversify the sources of support for basic science and 

stimulate contact between those doing basic research and those 

responsible for applied projects in the agencies. 
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b) What the Scientific Conununity Should Do: 

1) Develop criteria and procedures for establishing 

research priorities, since not all deserving projects can 

be supported. Similarly, develop criteria for the termination 

of research projects which are no longer productive. 

2) In_conjunction with federal agencies, devise means to 

avoid overproduction of trained manpower in areas where the 

subsequent employment situation look!s unfavorable. 

3) Achieve greater efficiency in the performance of 

research through the use of shared resources and equipment. 

V •.. Concluding Comments 

i 
I 

The deterioration in the relationship between the Federal 

Government and the scientific community can be stopped. It 

should be replaced by a new sense of shared objectives. If 

the new administration demonstrates its understanding of the 

importance and long term character of research and provides 

a climate of stabilit~ and modest growth, the scientific 

community can be expected ,to respond by devising improved· . 
procedures to ensure that:public money is well spent. Support 

for scientific research ultimately depends on public 

confidence. The.scientific community is not exempt from 

accountability. 

The·United States must have a vital and dynamic research 

enterprise. Science is now fundamental to American Society-

it is part of our culture. The new admi~istration will have 

the opportunity to restore the positive ana constructive 

relationship that existed between the government and the 

scientific community more than a decade ago. The opportunity 

must not be lost. If eight years of drift and mistrust can 

be replaced by several years of purposeful leadership and 

mutual confidence, the scientific community can once again 

become one of the most productive elements in American Society. 

·I 

i· 
· ... ~. 

!' 



BJ~;ic l\.cscarch 
tv,dJ-1..0}~ 

a The Nation's total expC"nditures for basic 
research rose continu;11ly during the 1960-
74 period in current doll.1rs; in constant 1967 
dollars, funds for basic research in 1974 
were equal to the 1965 lc-vc:I, and almost 13 

----i) percent lower than the pcilk year of 1968. 

o Universities ilCCounted for approximately 55 
percent of the Nation's total expenditures 
for basic research in 197'1 (versus 37 percent 
in 1960), fol!ov-.red by the Fcd•:ral Govern
ment and private illclustrv at some J 5 
percent each, and oti1er s:ctors with the 
remainder. 

a The Federal Governnwnt provided .1he 
largest share of support for basic research 
durinr, the 1960-74 periCld, increasing from 
nearly 60 percent of Ji! such funds in 1960 to 
almost 70 percent in l 97tl; industry's share 
declined from 28 percc:n t in 1960 to 15 
percent in l 974, and the universities' share 
increased from 6 lo J J percent over this 

a 

period. · ~ 
(. 

Funds provided by the FC"deral Government' 
for. basic research increased each year: 
(except for 1971) in current dollars, but 
declined 13 percent between 1968 and 1974 
in constant dollars; the !JTgcst reductions in 
constant dollars were recorded in the 
physical sc:ences which declined ap
proximately 25 percent bt:tv.·een 1969 and 
1974. 

a University expenditures for basic research 
(from all sources of support) rose con
tinuously in current clc•lldrs between 1960-

~ 74, but declined some 5 percent in constant 
dollars between 1968 .:ind 1974; this decline 
~s due to reduced growth of Federal support 
m combination with inflation. 

a Basic research expenditures bv academic 
institutions in 1974 \\TIC conc~ntrated in 

. the life sciences (SJ percent of all expen
~itures), engineering (12 percent), physical 

50 

sciences (13 percent), soci;il sciences (8 
percent), and the environmental sciences (7 
percE:n t ). 

a federal support for bJsic research in univer
sities, which accounff:'d for 70 percent of all 
such funds in 1974, incre;:sed in current 
dollars betvveen 1964-74 in the brocid fields 
of science and engineering; the level of 
research effort as reflected by constant 
dollar expenditures, however, \vas lower in <t
each field in 1974 than in previous years, 
with the largest reductions occurring in 
engineering and the ph)rsical sciences. 

c:! Federal support for universities in 1974 was 
provided primarily lhrnugh six agencies-
NSF, HEW, DOD, USDA,'. 'AcC, and 
NASA--with no more th<m two a~ericies 
supplying at least 70 percent of all °Fede;·al 
basic research support in each major field of 
science; the NSF provided either ~he largest 
or second largest am'?unt cf funding among 
these agencies in e3c.t"r field. 

a 

a 

Expendit~rcs for. basic research per scientist .,cz_ 
and engineer m doctorate-grantini:; in-~ 
slitutions were almost ·30 percent lov-.·er in 
constant dollars in 1974 than in 1968; the 
largest decline \Vas in physics, \vhere reduc-
tions were nearly 40 percent from 1966 to 
1974. 

Federal laboratories accounted for 16 per-
cent of the _total national expenditures for 
basic . research in 1974; current dollar 
expenditures bv these laboratories increased 
throughout m~st of the 1960-74 period, but 
the ·level of research effort in terms of 
constant dollars \Vas some 20 percent lower Lf
in 197 4 than in 1970, the year of highest real 
expenditures. 

a Private industry was responsible for 16 
percent of the total n;:tiona! expenditures 
for bJsic rc:::carch inl 97·1; i\lthour,h current 
dollar expenditures haYe risen, p.Hticularly 
since 1972, inflation reduced re;il expen-
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diturcs in 1~1'i"! to ;ipproxim.1tely ihc s;1mc · 

kvcl <is J()f.1. 

0 

0 

ThC' numhcr of rcsc.Hch public:1lions from 
rna.jor fields of scienc(' increased r,en('rJ!ly 
throughout the 1960':., but leveled off in 
sevcr;il ficlds in thC' culy J970's; pt:\.1liczition 
output in chemistry, engineering, .ind 
rhr.ics, for ex.1mplc, h.15 remained al a 
nearly constant level in recent ycus. 

Universities arc by far tlH~ largest producers 
of published research rC'ports with some 75 
percent of the total in 1973, followed by the 
Fedcrcil Government and private industry 
with approximately 10 percent each, and 
other nonprofit institutions with 5 percent. 

Basic research is the quest r'or fundamental 
understanding of man and nature, in terms of 
scientific observations, concepts, and theories. 
Such research is generally motivated by curiosi-
ty and the desire to advance scientific \

0 

knowledge, with the opportunities for its 
i?dvanccrnent determined primarily by the 
existing stale of scientific -..rndcrstanding itself, 
rather than by. practical need or potential 
.lpplication. As an activity, this research ranges 

?m efforts of teams of scientists working with 
.• rge facilities such as particle accelerators to the 

efforts of individual scientists using little or no 
research eguipment. And basic research, being 
international in its nature, joins the activities of 
scientists from many countries.1 

Although curiosity is frequently the prime 
motive of the individual scicn ti st for performing 

· research, potential applications often underlie 
the private and public support of bJsic research. 
There is as yet, however, no method for 
correlating the cost of such research with its 
total returns-intellectual, economic, and social. 
But the many and varied uses of basic research 
suggest that the benefits may be substantial, 
particularly in comparison \Vith the relatively 
small investment involved. The findings of basic 
research represent much of the objective 
knowlrdge of the physical and social world 
which. forms a major part of the educational 

1 for further di;;cus~iori of international aspPcts of scienc(', 
see the> ch~pter C':1litl.-d. "!r:ternati\>nal lnJicatur' of Science 
and Tcchn0l0i;y'' in this rt·port. 

0 lLsic n·sc.1rcl1 rontrih1tcs incre;~singly \o ~-
1cd1nnlo1~ ic.11 in ncl\· .~ \ i(~n, .~ :; rdlcc i r-d by t Ii e 
r,ro\vi:it.; number of-citations to rcsc,irch in 
patt'nts associJtC'd with major advances in 

.kclinology; the frC>ciucncy d c.uch cit.1tions 
incre;i ~,('J 17 pcrc:c 11 \ he\ \VC'Cn l he ) ') 50's J nd 
J960's, while citations to other patents 
declined by almost 25 percent. 

0 Research performed in universities is most~· 
frequently cited as the origin of patented · 
technological advances, accounting for 
almost 55 percent of the cited research in 
recent years and rc:p!Jcing industry as the 
prime srctor in which such research is 
performed. 

curriculum of the general population, \.vhile both 
the results and the conduct of such research 
constitute the core of advanced education in the 
sciences and engineenng. B2sic research 
provides the fundamental knowledge on· i:vhich 
modern technology increasingly depends. This 
research, in addition, surplies indispe;1sable 
knowledge for planning and directing the rest of 
the R&D effort. Finally, the maintcnan.::e of a 
wide spectrum of basic research can provide the 
new knovdedge needed for responding to 
challenges in the future-chalienges vvhich may 
n?t be foreseen at present. 

! Indicators of the state of basic research 
presented in this chapter consist largely of the 
financial resources committed to research and 
preliminary measures of outputs and their 
application in industrial technology. The "input" 
indicators provide information on national 
expenditures for b2sic research, the extent of 
research performed in universities and other 
sectors, and trends in expenditures for basic 
research in the various fields of science. "Out
put" indicators include publi\ations of scientific 
research produc~d by different sectors in major 
fields of science, and measures of the extent to 
which such research underlies ad\'c;;ices in 
technology. 

The present set of indicators are deficient in a 
number of major aspects. They do not encom
pass substantive asrects of b2sic research, such 
as adYanccs in kno"·ledge ,1chie\·ed in the vuious 
scientific disciplines. The indicators, further-
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Dr. Lewis i3rans comb 
5 H:i.ddc:n O:ik L::i.ne 
Armonk, New Yor~:, 10504 

Dear Dr. Branscomb: 

Sept. 7, 1976 . 

The (~nclcsc<l represents a first draft of a paper on the four 
main issues in scienc policy which should he considered by Gov. Carter 
eithe.r during t:1e election or very soon after· the election, ass urning 
that he is elected. 

The four issues listed on the first page represent not only my 
peTsonal vie·"' but arc the top four issues propose<l by the Public Affairs 
Commi ttces of three major biological societies:· the American Society for 
Hicrobi"ology with 23,000 meubcrs, the Federation of American Societies 
for Expcrincntal Biology with 15,000 mer:-ibcrs an<l the ;\mcrican In.stitutc 
of Biological Sciences with 12,000 mcrnL)ers. I was not able to get hold 
of Dr. Bo1vers to discuss these issues with him. I did talk to Dr. David 
Baltimore a;1d he agrees th0t ti1ese arc major science polic)' issues "''hich 
should L>c considered by Gov. Carter. 

The. text that begins on page 2 expresses my O\m views and should 
not be attributed to the three societies named above. It is \ffi tten 
entirely from the point of view of a biologist and/or a biomedical 
scientist since that is my area of expertise. It addresses several of 
the topics you listed as "Ten Issues in Scieucc Policy" and rn:iy be of 
so1:1e.hclp on topic #1 (The role of OSTP), #? (l3asic Research and AcGdcmic 
Science) or #10 (Reorganization of federal Science Rand D Agencies). I 
apologize for scn<ling this to you in a less polished state than I \\'Ould 
like. \fo arc leaving for Europe tomorrow an<l it seemed better to send 
it as is rather than to wait until our return October 1st. If I can 
be of any help after that date, please let me knO\·.'. 

Sincerely yours, 

J 
T/ -f ).;_ / /1L: / f~j7~ l( 

....,,,,. \..· ~ .... v ... '-' 

' H. R. h'hitcley 
Professor · 
Departnent of Microbiology 
University of h'ashington 
Seattle, :·:ashington, 98195 



!'iajor Science Policy Issues 

L Advances in science ·and technology affect many of the nation's major 
problems: the economy, agriculture, health, environment, energy, 
education and even defense and international affairs. The major 
need is to establish a ~,_'._?tern to identify the lonq rang-e need-sof 
the. US an_d determine priorities so that the science aspects of these 
needs cJn be met by the sci enti fi c community. 

2. Jn almost all fields, the successful sol~tions of our present and future 
problems will depend on the acquisition of new knowledge and our ability 
to apply this new knowledge rapidly, It is essential tQ develop a 
system 1-1hich !·rill assure the continuit1 of funding for basic research 
and to improve the dissemination of new information to pern1it its 
rapid application. 

·3. Coupled to the evaluation of long range needs and the support of basic 
research, there must be continued traininq of essential pers~nnel. 

4. Almost all of the departments in the federal government have agencies 
involved in research and development that involve some aspects of 
science. The organization of science in the federal qovernment must 
be improved for :nore efficient ooeration·and tQ___J?Iovid~~QY.J~e _ _t_g the 
executive and 1eqi s 1 u.ti on branches of government. Ci ornegj_cii_J~nd_Jj_f_9_ 
scientists should be included in advisoi:.'.L2unels reco~m1ending ]"1a.tjo:·1a1 
priorities and evaluating technological progress, 



-2-

1. Idcntifyin~ priorities 

Biomedical and life scientists list the need for a mechanism to 
establish priodties as the most important science policy issue. They 
realize that not all the problems that involve science a.nd scientists 
can .be given unlimited atte!1tion and support simultaneously, Budgetary 
restrictions, a shortage of trained personnel and, most important, lack 
of knowledge.in many fields will require that choices be made among many 
highly important problems. 

In terms of the US needs and in terms of the coming campaign, it is 
most important to emphasize the need for lolJ..9 range planning as opposed 
to the present approach which is either total neglect or haphazard, 
constantly changing, and often conflicting, sets of goals. Policy 
decisions ~hould result from orderly and planned consideration of issues; 
they should not be made by the OGM on the basis of short· tern1 considerations, 
or by the federal science establishment acting a·1one or by disorganized, 
piece-meal legislation. 

The question of how priorities can be detennined impinges on the problem 
of the organization of science in the federal government (section 4). 
Important decisions of this type should not be made by political appointees 
but should involve both the lay public and especially the scientists.who 
knov1 the problems. \·iith the.establishment of the OSTP, Gov,-CarTet shou·1d 
propose the 'cre_~ti on of several panels' each headed by a memoer- of-an __ _ 
adivsory committee to the OSTP. For example, the panel to consider priorities,. 
'in biomedical fields should be headed by a distinguished biomedical scientist 
who is a long-term member of the advisory conunittee. Simi1arl,J', problems of 
of pollution should be addressed by a panel headed by a btolcgist who is 
a member of the advisory committee, etc, The panels themselves should 
consist of errminent.scientists and distinguished laymen (hopefully, Gov. Carter 
will not be tempted to appoint popular entertainers to such panels). Each 
panel would work to develop priorities for several years to come (5 years?), 
a~d the work of the many panels would be coordinated and put into broad 
perspective by the advisory committee. The recommendations of the advisory 
committee v1ould go to the head of OSTP and then to the President \'1ho could 
then initiate programs and legislation. 

2. Support of research and the application of research findings in ways 
which will better serve the public, 

The public and Congress (especially Senator Proxmire) have a poor under
standing of the value of scientific research and the role it plays in the 
cultural anrl intellectual life of the nation, in health, agriculture, economy, 
education, etc. Gov. Carter should pledge himself to support the nation 1 s 
rese_ar~~Q9rams to provide a continuing _flov1 of ne\'1 information and a 
.!'.iP..lLii?_ser}1ination of this ne\'t information to improve all facets of our 
national life. ___ / _____ _ 

I 



A. Basic research 

In the past, the medical and biologica·1 research programs of the US 
were -the best in the \'1orld, Most of the major discoveries in these fields 
in the last 30 years have come from the US, as evidenced by the Nobel prizes 
awarded to A:neri can sci en tis ts. Today, our research programs can s ti 11 be 
considered good but they are suffering from the stop-and-go funding of the 
Nixon-Ford administration and the effects of inflation. The uncertainty 
about the level of funding and the decrease in funding from the major 
federal granting agencies has had serious consequences: valuable research 
has been interrupted and sometimes suspended, much time is lost in futile 
applications for funds and most significant, the young scientists who 
will be leading our research efforts in the future often cannot get funds 
at all. Since the funds are limited, the tendency is to support already 
successful investigators, i.e., the more senior research sci~ntists .. 

An additional factor is that increasing charges for ove:-head 
are levied against a 11 research programs by the institutions v1here the 
research is performed~ There are many justifico.tions for such charges 
and they probably should be continued but they now account for a large 
percentage (20-40%) of every research grant. These charges should be. 
clearly identified as administrative costs and separated from funds 
allocated to research. Perhaps acade~ic institutions could make a single 
application for the administration of all research grants within that 
institution. Such charges constitute support of educational facilities, 
This is surely needed but not at the expense of already d\'Jindlfog 
research monies. 

Biomedical and life scientists would welcome a higher level of 
support of basic research but what they desperately need is a constant 
level of funding. Knowledge is accumulated over many years of effort. 
Significant scientific advances often are based on discoveries made many 
years earlier and often in unrelated fields. Thus, a sustained program 
of research is essential. Most nations devote a higher percentage of 
their total Rand D dollars to basic research than we do, Gov. Carter 
s hou 1 d JlU b 1 i c i ze the advantages of a s trong _ _son _ti nu i n_g_p_!"_Qgram 9l_ basic_ 
research and recommend that a constant percentage_J_lm6?) of the total 
Rand D funds be allocated for this purpose. ·· 

The economic justification for strong basic research is readily 
apparent. In the biomedical field, the advances made in the past 20 years 
have saved thousands of lives and spared thousands of people great pain, 
While the value of a human life cannot be expressed in dollars, the saving 
in hospital care and income losses can be. It has been calculated that 
eradication of just one disease--polio--saves the US $6 billion annually. 
Similarly, the new knowledge gained in the past few years on measles, 
hemolytic diseases of the newborn, hepatitis and kidney transplantation 
saves the US $3.3 billion per year. The research that is making this 
possible is estimated to cost only $33 million per year. At a time when 
he

1
alth care costs are escalating, these figures take on additional 

si~nific2nce. No matter how yo~ look at it--the money spent on basic 
biomedical research is one of the best inv~sb~ents that the US taxpayer 
can make. 

- I 
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The best and most efficiC'nt means of achieving hiCJh qua'lity basic 
research is through investigator-instituted research gra'nts. Peer reviel'/ 
should continue as the so.le means of determining merit, Distribution of 
funds on the basis of political or geographical considerations is wasteful, 
It is· better to have fev1er excellent centers of knovJledge than many mediocre 
ones--peer review serves to monitor excellence, Contract research should 
be severely curtailed, especially by research corporations operating for 
profit. This, too, is wasteful since there are scientists in academic 
institutions capnble of doing the same research \'lithout charging profit, 
The funds spent on biomedical reseu.rch through academic institutions are 
accounted for meticulously. Thinking especially about the fru.ud v1hich 
apparently accompanies Medicaid-Medicare, the taxpayer should be assured 
that research funds awarded the individual investigators are surely the 
most carefully spent monies dispersed by the federal government, 

"Conquering" a specific d·isease by crash programs is a poor investment. 
Nixon's separation of the National Cancer Institute from the NIH and the 
allocation of large funds to this Institute has not resulted in the conquest 
of cancer. It has led to false hopes, tremendous shifts in the emphasis 
of training of scientists and has curtailed important research·in other 
areas, some of which ar~ vital to an understandinq of cancer, Some good 
work has been done under the sponsorship of this Institute, but the same 
results could have been achieved at far less cost if this huge program had 
not beeh started. 

B. Applied research and the practical use of new knowledge 

Most of the funds allocated to science g2nerally are devoted to the 
application of basic research. Understandably, applied research receives 
heavy support from industry and all departments of the federal governr.1ent. 
There is, however, considerable confusion in Congress and in the public 1 s 
mind about the differences between basic and applied research and between 
research and the delivery of the results of such research as health care, 
environmental protection, etc. The misunderstanding is so great that a 
good case could be made for proposing that funding b~ clearly identified as 
either for basic or for applied research. Funds allocated for health care 
delivery programs or environmental protection should not be included \'Jith 
funds for research. At the present time, Senator Kennedy is attacking the 
biomedical community, claiming that new knowledge has not been applied to 
health care. The fault is not in the basic research but in the transfer 
of information and its application. Sen. Kennedy 1 s solution is to cut 
funds for basic research. This will not yield better health care and it 
will surely cause serious interruptions in vital programs, 

At the present time, the transfer of new knowledge, its application 
and its ultimate delivery to the public as better health care, environmental 
prote·ction, more productivity in agriculture, ne\'J products, etc. is haphazard, 
Science and technology encompass such large segments of the economy and are 

. so complex that this is inevitable, Often there is a large time lag between 
the discovery of some extremely useful principle and its application, 
Solutions to this problem will be difficult and will depend on the disciplines 
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i ;: . , : ; >·. ·~ov. Cartr.r should o 1 edqE: that evc~rv effort 1·1i 11 be r:icdo to 
~ye1op S.'L~JQ!~.i f_9r ir1e m9re rap}d tiinder of~i1-e\·l-k_oowJ~_9_g_~_in-ct its aoiJTi
cation. He shou.ld caution, h0\·1ever, that not all ne\'/ infor!:1ation can be 
tra-nslated into practical use and that some information can only be-used 
after.a long delay. 

In biology, medicine and other "pure sciences'', the scientists 
themselves could be asked to note the possible practical applications of 
their work. Each investigator receiving federal funds for the support of 
either basic or applied research could evaluate his own work for its 
potential practfcal applications, The·se ideas could be made available 
as a yearly or t.fiannual summary to all brunches of the federal research 
establishment (and to industry and private agencies?) to alert scientists 
in other disciplines that new methods, ~rocedures, etc. might be applied 
to their problems. A mo1·e feasible approac:1 vmuld be to have each federal 
agency select areas for practical testing and application. The latter 
would have to be a combined effort by industry, private and federal agencies. 
An important point is that if there are difficulties in converting basic 
research to practical application, that more effort be put into finding ways 
to achieve the application rather than stopping the basic research: As 
stated above, the testing and application aspects should not be funded by 
monies earrnarked for basic research. The seiection of areas needing greater 
effort in practical app.lication would depend on the priorities set by the 
advisory comm·i ttee to the OSTP (section l and 4) and by progress made in 
the selected areas. Greater cooperation \'/ith industry and the private 
sector is essential since federal agencies should not take over functions 
of the private sector. 

3. Training of biom~dical and life scientists 

An adequate supply cif scientists is important to the nation's well being 
since the US depends on the continued discovery of new knowledge and its use. 
At the present time, manpower needs are analyzed by the National Academy of 
Sciences. However, this analysis ignores scientists below the doctoral 
level although such personnel perform valuable research and service acti
vities and also serve as the pool supplying the futur~ doct6ral trainees. 
Manpower surveys are essential but they should include the total population 
of scientist's. 

Long-r~_~lanning for traininq programs is essential to ensure the 
proper number of well-trained scientists both for research and for service, 
Long-range planning should be undertaken promptly with projections of needs 
for 10 years, if possible. 

Tbe stop-and-go support of training programs and the constantly diminishing 
levels of support of such programs during the Nixon-Ford administration have 
been highly disruptive. Because of the complexity of science today, students 

·in bio~edical and biological disciplines spend 6-8 hears in graduate and 
postdoctoral training, largely to gain cor;1petency in research, Thus, 
training programs and research programs are closely inter-related. Young 
scientists who were trained earlier now have difficulties finding jobs 
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b2u;us'.' o;' ~11e: drasticaTly cui'tanod tr211n1ns) pro~:rams 2nd research O'.Jpcir-
tunities. \!hen they find jobs, they cannot obta-in research _grants. 
Consequently, many are turning to other fields, This is a v1aste of the 
nation's talent; it is also poor economics since it creates a gap in the 
flow of trained personnel which we will need in the future, · 

Training in biomedical fields can best be administered through the NIH 
and biology through the NSF. Training funds should be allocated separately 
and should not be created by converting monies allocated for research. The 
distribution of funds between predoctoral and postdoctoral training and the 
disciplines which will need particular support should be coordinated with 
the oriorities set by the OSTP and with the support of basic research, 

4. Reorganization of science 

The present lack of organization has evolved over many years of adding 
independent agencies created to take care of specific needs. Gov, Carter 
should recommend a thoro~h revie\'1 and ama.l.92mation of most gi_the scien~~
~cies in a sinci~ __ Departrnent of Science and Health. The heultt1 component 
of HEW is sufficiently large by itself to merit creation of a separate 
department. The addition of other independent science agencies would 
permit complete reorganization, condensation and grouping of these many 
independent units in a single department. This shoul~ result in much 
greater efficiency and more important, more coherent policy making, 

·The new department should include the NIH, NSF. ERDA and many independent 
agencies but hopefully would not include weapons research, purely social or 
educational agencies, The non-medical sciences such as biology, chemistry, 
physics, geology, oceanography and meterology should all be grouped under a 
revitalized, strengthened National Science Foundation which would represent 
the Science segment of the new department. The organization of the biomedical 
disciplines would be strengthened by reinstating the National Cancer Institute 
within the NIH. The alcohol, Drug Abuse, Mental Health Administration should 
also be under the NIH which would, in effect, govern the Health portion 
of the ne\'1 department. Each of these t\'/O large strong -branches should be 
represented by assistant directors serving under the head of OSTP; these 
individuals should also serve on the policy making advisory committee 
described in section l, However, even if a new Department of Science and 
Health is not created, the OSTP should have at least one assistant director 
representing the biomedical disciplines. · 

The present system of panels and advisory committees to the NIH, NSF 
and the National Acaden~ of Sciences should be continued, free of political 
intervention. Every 5 years, these panels should provide an evaluation of 
the state of the science that they are concerned with. These panels could 
also help to identify advances in basic science that are ready for practical 
application. The evaluations of the panels should go to the OSTP and also- to 
the Office of Technology Assessment (OT/\). OT.!\ could have a structure 
parallel to that of OSTP. Its function should be to evaluate pro']ress, to 

, assist in the transfer of new knowledge to practical use and to advise 
Congress. Th~ chief role of the'OSTP, on the other hand, should be 
that of policy making and provi~ing advice to the President. The OSTP 
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coulc!, ii::::cvcr, also provide advice to Congress and to the Department of 
Science and Health, This separi:\tion of policy making functions under the 
OSTP and the evaluating functions under OTA would provide the checks and 
balances needed to insure proper oversight of the progress of all scientific 
programs. 



THE NATURE OF PUBLIC INVESTMENT IN SCIENCE AND TECHNOLOGY 

It will be a cardinal principle of science and technology policy in 

the Carter administration that government will seek to derive every possible 

measure of public benefit from each dollar of public investment in science 

and R&D. It follows that government must not--and will not--substitute \ Rather, public capital for private where science and R&D are concerned. 

.government must strive to use its investments in science and technology to ) , 

in sci ~pee :~. £~k 
~'<., • ..-!~ . 

catalyze innovation processes and spur private-sector investment 

and technology, especially in those industries "vested with.the public -·--·-·--

interest" such as transportation, communication, energy, etc. 

R&D investment decisions in the private sector are properly made either 

on the basis of faith, of statistical probability, or on "hard" return-on

investment (ROI) calculations. Sometimes a combination of these is employed. 

As a manager of a private enterprise moves from the most basic research to 

the most specific, goal-oriented development activity, the decisions are 

based less on faith and more on the "hardest" estimates of return. For 

example, clearly the decision to support basic research, in either the 

public or private sector, must be based on faith, or at most, on statistical 

probability calculations which demonstrate there is a positive correlation 

between basic research undertaken and successful (i.e., beneficial and/or 

profitable) results in the context of innovation. Therefore, it is entirely 

rational to support basic research, and even perhaps some applied research, 

on the strength of the least precise, most circumstantial sort of "evidence." 

GELLMAN RESEARCH ASSOCIATES INC. 
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But as pure research gives way to applied research and to goal-oriented 

development activities, it becomes more likely that conventional investment 

·decision-making methods can-(and will) be employed in the allocation or 

resources. This is true in the private sector as well as the public sector 
'i 

even though there is often less specific rationalization in the latter than 

·in the fonner, perhaps due to the organization of government agencies which 

~contrasts sharply with that of private entities where the objective of 

profit maximization is more easily quantified and where resources are 

managed explicitly to achieve a single-valued objective. 

Especially at the early stages of the process of innovation, where the 

spotlight is on basic rather than applied research, private sector R&D 

decisions are very much conditioned by the question "Will the government do 

it for me if I fail to do it for myself?" In many instances, such as in 

'the field of aviation, there is a long history of government's taking 

substantial responsibility for at least the basic research and the earliest 

of applied research activities so that the private sector has come to 

expect public support for these sorts of R&D almost as a matter of course. 

In this case, such a policy has paid off for the U. S., given the quite 

impressive performance of the United States in its use of air transportation 

and in its exploitation of overseas market opportunities relative to aviation 

·products and services. It is important, however, to examine each industry 

where public support is an issue to assure that maximum public benefit is 

realized from each public dollar committed. Moreover, public-sector 

GELLMAN RESEARCH ASSOCIATES INC. 
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participation in or support for R&D must interfere minimally with the 

private-sector's propensity to finance itself the various stages in the 

process of innovation, including R&D. 

It is not surprising that the further down the development cycle one 

gets, the more inclined is the private sector to undertake the expenditures 

necessary to achieve the desired and required results. After all, under 

•. present policy, if the government sponsors such development activities, 

~-private entrepreneurs are effectively denied the proprietary exclusivity 

_which they correctly prize so highly. And this is as it should be. Indeed, 

one overriding objective of R&D policy, technology policy, or innovation 

policy should be to preserve the conditions under which the private sector 

increasingly bears responsibility for R&D the further one gets from the 

conception or invention end of the innovation spectrum and the nearer one 

gets to the marketplace. 

It is also important to recognize that R&D investment decision-making 

in the public sector and in the private sector responds to quite different 

objective functions. That is, the results being sought through private

sector R&D investment may properly be very different from those sought 

through public-sector sponsorship of research and related activities. For 

·example, the greatest financial risks in the process of innovation are 

often found in the earliest stages, including especially basic research. 

Since private-sector investors rationally abhor risk, it is not unreasonable 

GELLMAN RESEARCH ASSOCIATES INC. 
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that, to the extent the public sector finances activities in support of 

the process of innovation at all, such support should be heavily concentrated 

in the high-risk areas such as basic research. Again, given the substantial 

difference in discount rates between the public sector and private sector, 

the time horizon for private entrepreneurs is substantially less than that 

for government. In turn, this makes it rational for the latter to support 

those activities associated with the process of innovation that have the very 

longest lead times and which therefore represent relatively unattractive 

investment outlets for private capital. 

Private-sector entrepreneurs are most inclined to make positive R&D 

-investment decisions if such decisions are anticipated to place products 

or services in the marketplace which can be priced at a very substantial 

margin above cost. Such a condition obtains only where the value flowing 

from the product or service is quite substantial in relation to the 

producer's costs. Increasingly, however, the value flowing from technologi

cal innovations in fields such as energy, communi~ations, and transport is 

generated through external benefits and it becomes difficult, if not 

impossible, to price an innovation so as to achieve the significant margins 

required in the first place. Where the external benefits (net of external 

costs) are great but are very widespread and therefore not capturable by a 

-private-sector entrepreneur, it is appropriate for government to support 

the research and development which is a sine qua non of innovation. It 

follows that in support of R&D program development there should be the 

GELLMAN RESEARCH ASSOCIATES INC. 
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constant effort to identify those special cases where the net externalities 

are positive and widespread and difficult to capture by the entrepreneur. 

GELLMAN RESEARCH ASSOCIATES INC. 



MANAGING AND TESTING SOCIAL PROGRAMS 4 

·Carter says he will bring better management to defense and 

produce savings. He has the personal experience to make this credible. 

But conservatives answer that liberal democrats sometimes prefer less 

defense, may question his intentions. To balance this laudable position 

he should have a parallel approach t6 HEW·programs, which cost more 

than DOD. 

This approach retains an altruistic view of social 

responsibilities, but introduces.a more business-like and scientific 

approach to testing social programs and learning to manage them. 

This is the right way to use social science research in 

managing major programs. Paper by Eleanor Sheldon, President, Social 

Science Research Council. 



Dr. I.c\·1is M. Branscomb 
5 lficJ.c1en Oal~ L<l.ne 
l'~rmon}:, NY 10504 

De.nr Lew: 

lmgust 31, 1976 

In the end, the enclosure was rather hastily put together. 
'l'hou9h I did not follm,,:- your. sug~restecl outline I t!1int that 
the r:-.ajor points hc.ve been covered. Herein some added 
thOU<jhts: 

During the past f i vc to eight years sonc procrrm,1 prorKisals 
hu.vc been tested (r::ost notably the nec;.:iti ve incor»c ta;-:.) 
Sor:;c~ of the tests (c::-:p2rinents) \Jere c1.onc \·~ell (given the 
...,,.,_ "te o -r- tl'e ., r._) "'01'''"' poorly "'J1r-. J··r10\·1-J10'" or- 0·n· . .-,, .. ; "'"'nt ..,t· 1· on 11..) L. Ll . - - ~. CL l.. t ._, •· · . ._ . .: - c. .J. \...~ \. \' _,,,,. ~ :7 \...- J.. ......... ·' • ~ ·· • :...1 •- ·"' 

has improved consider.:~bly; cri ticisr:i, !ioth internal and 
extern2.l to the social science con:nuni ty, has sh<:irpc:n2d, 
but the 0xperience has proviCc~ an invaluable eaucation. 
l1u.ny social scicnth~ts !1v.vc learned about the difficulties 
of c.~oing th.is type of rcseu.rch - which too ofte:n i.n t!;.c.: 
past failed to· provide strong and interpretable results. 

'11h0rc nm·! c:>:ists a re la ti vely !?.Pa.11 grou!_) of researchers 
a11 '~ ··io) J. C'-' -1'1=-l\'""t<· ('Q~nc1 '-'~•t1'1"''"~:'1tl.. C" l~r11· '.fPI""'J' .;.y oc ~ /: . - .I (..,,,, U J L:J o.;J .1. .c.. .. t ... 1,,....4. '-: .. dq i.-;. I ),.. _ ~ ... \- -

\·?isconsin, etc.) trained in cxpcri;;1ental tecimic~ucs - a 
vu.ltrnblc pool of rc::>c-archcrs with L:uch er-1piricai c.nd 
analytical expertise. They ar0 important contributors in 
raising the level of policy debate. 

. . . b 1 • • • • 1 ( Expcr ir~tcnt<:ttJ..on i.s to ·e useu J uc.icious ... y e. 0. not a 
pro:-.1ising technicr.le for approeching short-tern or cyclical 
issues), for less expensive techniques are sometimes adequate. 

These addenda may or cay not be appropriate for insert 
in the enclosure. 

Sincerely yours, 

P. S. l'm administru.tion should exercise care in not secrr;inl]' 
to utiliz0 cx:pcrincntation as a c.lelciying tactic. :lii:-:on and 
Con<;rc~ss have been <iccused of this, particul<trly ·1,1i th re~rard 
to authori~ing more experir.cnts rather than institutinc:r a 
f umily assistance progran basccl on the major f ind.ings 0£ the 

I 
\ 
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Negative IncoL~c Tux Experir:-1~nt in New .Jersey c:md Pe.nnsylvani2. 
Nixon ha~:; also been accused of prer.-,aturcly invokincr sor::c 
findings frorr. an evaluation o~ Eead ~;tart to deprecate or 
diminish it. T:"'or whatever rc<l.son, hm:0ver, the early nixon 
adrninistru.tion was. supportive of experinentation - perhar>s 
in fl ucncec1. by :'·Ioynilwn. Sonc <Jis2f fection secr:is to have set 
in since, thoug~ I have not systematically reviewed its 
status in the current adrninist~ation. 
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9 . Managing and testing new social programs. 

HE~·1 1 s budget is now larger than that of DOD, which 

reflects a proper reordering of priorities. However, the 

social programs of Hm·1 ~ and the programs of HUD, DOT, the 

VA and l\griculture - and other agencies intending to 

provide a better life for Americans are not subject to the 

kind of careful evaluation and evolutionary development 

that is most likely to insure their effectiveness. 

The social sciences are not without tools.to make a 

much more effective contribution. Recent experienc~ 

provides sane examples of the value of trying out new 

proposals on a relatively small scale, subject to careful 

prof~ssional measurement, before launching them on a 

massive scale. Such tests have been - or are being - made 

for 

housing allowances 

national health insurance 

negative inco~e tax. 

The primary purpose of testing new social programs 

before they are launched on a large sc~le is to learn 

how to intervene effectively to ameliorate some social 

problems - for example, how to intervene in the educational 

process so as to improve pupils' reading abilities. 

Considerable resources and energy goes with a wide variety 

of intervention schemes (social programs) , but the task 
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·is not always well-done. Many social programs, in fact, 

are partial or total failures. Some public housing 

programs designed to improve the quality of life of lower 

income families seem to have destroyed the social fabric 

of many neighborhoods and to have made certain types of 

crime more likely. Many of the anti-poverty programs 

of the 1960's failed to achieve their objectives; treat-

ments for convicted criminals have not been particularly 

successful. 

The idea of experimenting to .test the effectiveness 
. . . . .... 

of a proposed program before launching it on a large 

seal~ is attractive for several reasons. It seems a prudent 

thing to do - to try out a new idea on a scale to see how 

it works; to "get the bugs out of" a new program or 

procedure that has not beeh used before; it is relatively 

economical. A more important feature of an experimental 

trial, however, is to put the question of effectiveness 

in a comparative context - to ask whether a proposed 

program is more or less effective compared~to something 

else (nothing at all or rival treatments) . 

The advantages of "prototyping" new social initiatives 

are several.· 

1) A trial as a precursor to a national program 

engages a substantial sample of the public as participants, 

thereby testing the critical elements in attitudes towards 

the program and its acceptability. 
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2) A trial, clearly labeled as such, may f~il (many 

will fail in the sense of not producing a dramatically 

effective redress to the problem in question) but it is 

then politically possible to go back to the drawing board. 

Had such a program been instituted on a nation-wide scale 

initially the chances of retracing, modifying, or even 

of acknowle<lging that the effort had failed, would be 

rather slim. Investment in a trial experiment is then 

relatively small . 

.. . .. ·~ : ... - '3) . using' experiments in" 'trials ·as. precursors to ·the 

development of large nati?nal programs may demonstrate 

more progress in solving social problems. In the past very 

little has su~ceeded, and most of our efforts in manpower, 

poverty and education have failed. Among the reasons for 

this is that they are very complex and possibly intractable 

problems; they may not be susceptible to easy solutions. 

However, another reason for failure in our social program 

efforts is that they were started not through the 

systematic development approach, but becaus~ some said, 

"Here's a problem; let's do something; let's spend a 

half-billion dollars." Whether for political or other 

reasons almOst all the decisions to institute programs 

and later to expand, reduce, or terminate them are made 

without an adequate empirical base. We keep failing 

because we proceed prematurely. Thus, experiments may 

offer the promise of making headway against our major 

social problems. 
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4) Experiments or trials provide a strategy of 

program development which should result in less waste of 

scarce national resources by reducing the number of 

ineffective programs and increasing those of greater 

effectiveness. 

5) Trial runs before nation-wide implementation of 

social programs provide an opportunity to experience and 

think through the multitude of administrative and 

management problems associated with turning an ide~ into 

a pro~ram. !1anagement syste_ms for program implementation . . . . ..- ~ .•. . . . .· . . ·. . . , . . . . . . .. . . . . . . '• . 

are designed, tested and modified during the course of an 

experiment, thereby providing a base on which to operate 

a large scale program. Further, alternative administrative· 

techniques can be tested. 

6) The experience of design, research, arialysis, 

implementation and management with one program can often 

be used in the mounting of another. 

7) Successful use of experimental trials might reduce 

the level of political cynicism in the nation. An approach 

which might produce more success could result in people 

being less overwhelmed with a sense of failure about social 

progress. 

There are also serious disadvantages to this approach: 

1) The process is time consuming. If there is 

sufficient concern in the country and in Congress to support 

... . ' 
. ' 

" 

? 
l 
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an· e:xperi::1ent on a particular problem the public and 

Congress ~ay not be willing to wait for th~ results 

before enacting legislation and launching programs. 

Furthernore, it is possible that the concerns which 

initiated the experiment will not persist during the 

time of the experiment thereby weakening the usefulness 

of the results for a still-vital problem. 

2) There is a lack of confidence on the part of 

Congress, the bureaucracy, the general public that 

: : ... 
social science or experimental trials will produce a 

' . . . . . .... : . . . . . . . ... , 

workable solution - or that the outcome will be worth 

the wait. 

3) !Iany program administrators and others fear 

that negative results will be found in the experimental 

tests. To date, many program evaluations have shown that 

a given program has not produced an effect thereby 

threatening the continuation of the program. Better to 

dispense with the experiment than risk negative results? 

4) There are many problems in mounting and conducting 

the types of research involved in trial of social programs. 

In addition to the timeliness problem referred to there 

are legal and ethical issues which must be addressed 

(infornec consent, assignment to treatment, etc.) 

* * * 



The feasibility of an experimental approach to 

planning social programs includes factors of costs and 

time and the political and social consequences of taking 

too much time to find a dependable answer, or providing 

money that might be used to operate a program rather 

than using it to learn whether the program is worth 

operating. Past experience with the politics of 

experimentation has varied from the frustration of having 

results ignored or misunderstood to t~e threat of having 

the experiment wiped out or the preliminary res~lts 
• o • ' • • ' ' • • • • . • ' • • • • • o • ' • • o ; ' ' • .~ o o. I • • ' 

irresponsibly used by journalists or in premature 

legislative proceedings. 

* * * 
Research, no matter how pertinent and competent, 

cannot tell us what national policy ought to be. However, 

it can provide some hard data on the value of some 

approaches as compared with others and as such is a useful 

6 

input into the decision process that must weigh competitive 

demands for scarce public resources. The political and 

other difficulties inherent in an expe~imental approach 

call for strong leadership from a President who responsibly 

recognizes that resources are limited and promises must 

be restrained. 

* * * 

... 

y:;:-:::1 



.-/ MITIGATING EARTHQUAKE HAZARD 5 

While this issue is narrow, it is very topical in California, where 

media has sensitized the population. The administration has tried to 

duck responsibility for facing up to needed leadership. 

For a California speech this material will posture the candidate as 

farsighted, sensitive to public well being and courageous enough to assert 

that government does have responsibility. 

Professor Frai'1k Press is the expert, is President of the International 

Geophysical Union, and is perfectly willing to be quoted. He has been 

widely covered in the media and is well supported by other scientists. 
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EARTHQUAKE HAZARD MITIGATION 

If an earthquake similar to that in 1857 occurred in the Los 

Angeles region, a reliable estimate of probable losses in Orange 

and Los Angeles Counties al6ne are as follows: 

40,000 buildings would collapse or be seriously damaged, 

3,000 - 12,000 people killed, 

.12,000 - 4a,ooo people hospitalized, 

.90,000 - 360,000 people injured, 

15 - 25 billion dollars damage. 

Failure of one of the largest dams could.leave 100,000 homeless 

and tens of thousands dead. 

There is little doubt in the minds of seismologists that 

such an earthquake will occur at some time in the future. Other 

parts of Califo~nia, Alaska and the western states are similarly 

vulnerable to great earthquakes. It is not generally known that 

the earthquake hazard east of the Rocky Mountains is not i-nsig

nifican t. Although these intra plate earthquakes occur less 

frequently than those in the west, their damage potential is 

huge. Such great earthquakes have occurred in historical times 

in the Mississippi Valley tMissouri), Boston .and Charleston, 

South Carolina. 

A particularly worrisome phenomenon was discovered this ye~r 

when it was found that 4i500 square miles of southern cdlifornia, 

mostly in Los Angeles County, rose 5 to 10 inches since 1961. 

The Palmdale Bulge, as it is knowh, is centered on the San Andreas 

fault just north of Los Angeles where the 1857 earthquake took 

place. Destructive earthquakes at San Fernando, California in 



1971 and Niigata, Japan in 1964 were preceded by land uplifts 

of less than 5 inches. Although some earth uplifts have 

occu~red without subsequent earthquakes, the Palmdal~ Bulge 

occurring near one of ~he most dangerous sections of the San 

Artdreas £ault is a bad sign. In China and Japan it would trigger 

a intermediate term warning and a vigorous program of special 

studies. In recent years there has been rapid progress in our 

understanding of earthquakes and in our ability to design 

structures to withstand them. As result of research in China, 

Japan, the Soviet Union and the U.~., earthquake precursors have 

been discovered which open up the possibility of earthquake 

prediction. Indeed the Chinese predicted a great earthquake in 

February 1975 and western scientists who visited the area 

estimate that 100,000 lives may have been saved as a result .. The 

Chinese successfully moved people out of their homes a few hours 

before the shock occurred. The Chinese research program in ~~edic

, tion as well as their procedures for education and preparing t-.he 

public for earthquake disaster is perhaps the most advanced in 

the world. Both the Chinese and the Japanese believe in the 

concept of the "Right to Safety" by which governments would be 

held responsible for the lack of disaster preparation. 

In view of the potential for a disaster exceeding any: that 

has occurred in the history of the country, and the indications 

that with sufficient research earthquakes can be predicted and 

structures designed to withstand shocks, it is incomprehensible 

that the U.S. program has suffered from a lack of support and 

direction from the Federal goverrnent in recent years. The research 

budget is inadequate to achieve the capability of prediction 
,,. 

within the next decade, the population is m~~inforrned and un~ 

prep~red, and 'local, regional and Federal government officials. 



wond.er who will do what .in the case of the maJor disaster. 

Consider the research budget. For the years 1973 through 

197 6 the U.S. Geological Survey (the lead agency for earthquake 

prediction) .has been level funded in the area of the earthquake 

hazard .mitigation. For 1977, the budget request was down from 
'. ' . 

$11.3 to $10.5 million. T..J.Tc special add-on of $2. 4 million was 

provided for the Palmdale Uplift which places the agency $1.6 

million ahead of its FY76 level. Perhaps $3 or $4 million is 

needed to instrument and analyze the data from the Palmdale 

Uplift. This means that the USGS will have to cut earthquake 

studies in other parts of California in order to properly instru-

ment the Palmdale Uplift. Playing musical chairs on the San 

Andreas fault is inadequate planning. In a recent RFP issued 
. ' 

"'·. 
by USGS. for earthqu~ke federal research, some $21.5 million of 

I 
p~oposals were received from the best university and industrial 

laboratories in the country. Only $2 million was available to 

support these proposals. Congress, exasperated by the executive 

branch's inability to respond to the grow~ng earthquake danger 

and the new opportunities in the field, is now trying to get 

some action. The Senate passed unanimously a bill introduced by 

Senator Cranston which wquld, for the first time provide adequate 

funds for earthquake hazard mitigation. The House is considering 

similar legislation. 

If the U.S. could achieve an operating earthquake prediction 

capability, one which could duplicate the Chinese achievement of 

last year in providing an alert many years in advance,.; and a warning 

a few days to a few hours in advance, the benefits .could be 

enormous. With a warning years in advance, weak structures could 

be strengthened, public education campaigns could be intensified, 

emergency plans could be carefully layed out and rehearsed, 





disaster relief could be planned and responsibilites assigned. 

In the final days or hours~ nuclear power plants could be 

turned down, gas lines could be ~urned off, dam level~ could be 

lowered, people could ~e evacuated from particularly hazardous 

sites, workers could be sent home, and food and medical 

resources could be distributed. Police and firefighting units 

could be deployed. Casualties could be reduced enormously by 

these procedures ~nd property da~age reduced significantly. 

:N6ne of this will occur unless the E~ecutive Branch's attitude 

.of benign neglect changes to one of accepting the concept that 

the American people have a "Right to Safety". 

M(i" 

tovJtL ,__. ~ ~~. s~· ~ 
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CIVIL AVIATION TECHNOLOGY 6 

This excellent paper by G. Low serves as an excellent 

illustration of an industry in trouble with a technology base dependent 

on government policies and programs. 

He does not discuss alternative financing mechanisms for the 

government R & D, nor does he address an issue of critical concerns 

to labor unions in the aerospace industry - coproduction arrangements 

overseas. 

This NASA program could well be expanded at the expense of a 

stretch-out of the schedule of the space shuttle, whose economic benefits 

are both more distant and more dubious. 



AVIATION -- f\N INDU~;'J'P.Y IN Tl~OUDLE 

1. Dae:kgrounC!_ 

o The United States has built the foremost aviation industry in 

the \-JOrld. This industry not only provides an excellent trans

portation system on which every aspect of American )YJ.sim?ss and 

many individuals depend, but it also represents an important 

facto:c in our economy. Eig11ty-five percent of t11e free 'vorlcl 1 s 

aircraft \'Jere built in the U.S. Aviation accounts for an annu2l 

~usiness volume of $32 billion, provides 1,000,000 jobs, and 

brings $6 billion to the U.S. yearly in foreign trade. 

o This is the result of many factors, including a continuing stream 

of high tecl1nology and innovation; a skilled and cornpe·titive 

indus·i::ria1 Lase; a steady flm·J of mi_litary development witl1 a 

resulting sp:i.noff into the civilian market; and' in the past' a 

·regulc_;_toi~y environm,:-nt which served both the public anC ·i:he 

industry '.\1ell. 

0 . In spi·te of tl1ese past accornplisl1ments, the U.S. aviation 

industry is nCJw :i.rf serious difficulty. Many of our airlines 

are ope:;:'ating at a loss, and have done so for seve:cal years. 

AircrCtft manufacturers a1'e also in financial difficulties, have 

a very lo·vi volume of current orders, and dismal projections for 

the futm"'e. 

Cl This situation results froni overly optimistic market b'l.'OVJth pro

jections just prior to t11e recent economic slumps; overbuilding 

of airplanes and overequipping of airlines based on these pro

jections; and extraordinu.1•ily high fuel costs. 

o Even though manufacturing and airline efficiency productivity 

is higher in the U.S. thc:n else\\1here in the world, the current 

si tu<ltion causes an eve1• steepening spiral of failure. New 

airplanC's will only be ordered if they are much more efficient 

t;,. -·-
' 
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than previous models. Increases in efficiency demand higher 

and h:i.gl1el.' investmPrrl:s in tecimoJof=.:/ and in t"Jw associated 

p:coduct:ion knmv-hm·J. Manufc1cture:cs do not now hu.ve the money 

to invest in improved technology; hence, they Ll.re unable to 

offer more productive aircruft, w11icl1, in turn, causes airlines 

to stay \d th some equipment \•!hich is no longer profitable to 

operate. 

G Mearn·il1ile foreign compoti ti on is b'Tml'ing rapidly in Government

supported industries. European industries are catching up or 

surpassing us in medium-sized long--range subsonic transports, 

have already captured a large share of the helicopter market 

from us, and, of course, have the only supersonic transport in 

-the h1estej_'n \</orld. 

G Finally, even the most conservo.tive projections shm·i a great 

need for additional aircraft, amounting to many billions of 

dollars. Hm~ever~ the lJ.S. sha!.'e of that markE.•t may be ;;:uch 

less than in the past, for reasons just stated. 

2. Possible Avenues for Solution 

i 
I 

o Reduced to the most elementary principles, aviation economics 

depend on three factors: 

a. The fare structure 

b. Filling seats on airplanes 

c. LoN operating costs 

The first hio of these factors 11ave to do largely with regulation, 

while the third has to do \•Jith efficiency and 'technology. 

Insofa1~ <'lS re6'lllation (or dereguL=1.tion) is concerned, one needs 

to decide \·!het11er our airlines should be a utility or a compe·~~itive 

industry. Once thu.t decision is made, it should follow hrn·i best 

to regulate the industry -- either more so o:i.~ less so than nmv. 

This is an extremely complex question which needs to be studied 

in ~reat rlepth. It \·lill not be ~~ddressed further in this paper. 

But a solution is urgent. 
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c1 Low operating costs require efficient a:i.rplanes and efficient 

ope~ations. Insofar as operations arc concerned, our airlines 

comparo very favorably \dth those of the rest ·of the \rnrld. 

Efficient airpLrnes require higl1cr and higl1er technology. As 

a result of advanced technologies (jet engines, i51·Jept \•J:Lngs, 

new materials, new design concepts, etc.) , airline~ ticket costs 

decrC'ased yea1' by year until recent rising fuel costs overrode 

all possible economic ga:i.ns. Continuing advancements of tech

nology are required to provide increasingly productive (and, 

hence~ competitive) aircraft in the future. 

3. Teci1nological Thrusts 

o New aircraft developments are expensive. The development cost 

of a new subsonic transport may be several time~ the capital worth 

of the company developing it. The costs of advancing the tech

nolob':l are also very high, generally more ·than uny single manu-· 

facturel" car1 afford. 1'\lso facilities, such as \·Jind tunnelr.;, 

needed for technological innovation are expensive. For t11ese 

reasons ·i:he U.S. government has supported much of the aeronautical 

research and development activity in its own laboratories s:i..ncr! 

1915 (at first NA.CA, and nmJ NASA) . 

o An additional source of technology for civil aircraft has been 

the development of military aircraft. Hmvever, military and 

civilian design objectives are nmv diverging (higher, further·, 

faster :fo1" milii.:al'Y; more efficient, quietc.r, cl.caner~ safer 

for civ:i.lia.n) , so that this source of technology is decreasing. 

o All of this means that a strong aviation teclmology program is 

urgently needed. Some of the elements of this program should: 

- drive those technologies needed for energy efficient subsonic 

transports. Fuel savings of up to 50% are possible. 

develop helicopters which are more efficient, somewha~ faster, 

easier to opc•rate, and environmentally more acceptable. 
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- i1'1.provc ut:i l:Lty aircri:\ft, such J.S u.gricultur .. 11 aircraft, 

\•.1hich can provide enormous economic retun1s. 

q. 

- do advanced research toward supersonic transport aircr'uft ~ so 

·that when the time is right, the U.S. industry cu.n devc>lop an 

economically viable, quiet, non-polluting supersonic airplane. 

e The capability and capacity for these developments exist 

in the United States tocJay. Hmvever, the scope of today, s effort 

is inadequate to meet U.S. needs. 

Li·. Conclusions 

o Aviation in the U.S. has, for many years, been an important 

national asset. It has provided an excE"llent and ess2nl::ial 

tr<'l.nsportat:i.on system, and has been an important fc~e:tor in our 

economy. It has led technological developments in othc.::·r fields. 

In short, it has been a source of pride for our country. 

o For a number of complex and inte1'acting reasons~ tJ1e aviatiqn 

industry (air.lines as \·:cl.l as manufa.ctui'ers) i~:; in extremely 

serious financial diffi~1lties. 

o There \vou1d appear to be only h10 solutions: nationalizing the 

industry, or providing the proper environment for the industry 

to save itself. Only trie latter course is thought to be 

acceptable. 

e The proper environment involves regulatory reform, which is 

m~gently needed, but not addressed in this paper; and~ equally 

important, a continuously advancing high tecl111ology input. 

o Traditionally, in the U.S., aviation teclmology has been advanced 

by the Government. This has resulted in \~hat used to be a highly 

productive industry, and this is \·1hat is needed today. \vith 

current fin<J.nciul COI_"Jstraints, there is no \·Jay the industry 

itself can afford to advance the technology. 

t- ) .. 

..,., 
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o \·n-1at ncecls to be done:· :Ln tl"''rrns of technology has b!'2P.l1 \·H~ll 

defined by the• :LncJur;tl'y, by t11e Congrcsf3, and by Nl\SA. Hohi

ever, ·the program has not· been implr:•mented in the iKmner 

needed to give the necessary pu::;h to turn tl1e industry around. 

Doing so represents an opportlmity, a challengo, and abovC> all 

a pressing need. 

GML/8/19/"/G 
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CLIMATE 7 

This paper illustrates a long term issue, but of very great 

consequence: Is government basing agricultural and foreign policy on 

fellacious assumption about climate? Are dust-bowl weather conditions 

returning? If so - what about food grain reserves and export policy? 

The recommendations are focused mainly at contingency planning. 

But additional research is needed. Prof. Munk comments that this field 

of science has expanded rapidly recently - but the new knowledge about 

climate is not integrated with overall planning. 

Useful as demonstration of farsighted concern with issues of 

global importance to humanity. 
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SUMMARY OUTLINE OF CLIMATIC POLICY ISSUES 

Major Issues: 

A. 

B. 

c. 

Short-term: Food production is vulnerable to. climatic variability; 
need adequate reserves. 
Middle-term: Be certain that progress in a chi evi ng reduce(( popu-lation
~rowth _ rat~s through improved living standards for developing countries 
1s rapid srnce: 
Long-term: Consequences of large global population is that large 
environmental insults are felt from same per capita use of 
technologies (particularly energy consumption). This leads to 
the possibility of irreversible climatic changes associated with 
vastly increased energy production. Issue is weighing social and 
political risks of inequitable distribution of resource usage versus 
long-term risks of climatic and other environmental damage that is 
likely to result for increased environmental insults. · 

Resolution to Scientific Issues: 

Need coordinated national climatic research program, including study of 
at least: effects oF climate on food,. effects of various technologies on 
climate, and effects. of climatic change on society. 

Public Pol icy Measures (partial list:) 

A. Adequate food reserves to hedge against precedented climatic variabtlity. 
B. Planetary "bargaining" to A) decrease population growth rates in ;·

developing countries while increasing per capita living standards, and 
~to reduce waste and growth rate of resource use in rich countries 
while increasing likelihood of a sustainable world order. 

C. Develop consciousness for new ''ethic of prudence", through courageous 
leadership, and judicious regulation of environmentally unsound activities. 

D. Develop inter-disciplinary granting and review structures. 
E. Develop structure to separate scientists' implicit value as~l'tlmptions 

from their scientific expertise irntestimony on publk poli~ issues. 

Administration Shortcomings: 

A. 

B. 

c. 

I D. 

A food reserve policy based on values that fear surpluses and lowered 
profits for grain traders more than food shortages and price rises in 
rich countries and famine and instability in poor nations. 
Refusal to support national climate research programs (costing tens 
of millions of dollars) needed to narrow uncertainties while approving tens 
of billions for new exotic military hard\vare. 
Opposition to significant energy conservation and the ''ethic of 
prudence''. Their defense of the status quo in energy and economic 
growth issues will make achievement of a catastrophe-free transition 
to a sustainable world order more difficult. 
Opposition to the U.N. resolution banning sinister uses of weather 
and climate modification. 
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CLIMATIC CH.l\l"IGE ISSUES 

Climatic variability plays an important r6le in human affairs, primarily 
since food production fluctuates along with the climate. This has been 
dramatically demonstrated over the last several years, and it has been 
reported frequently in the popular media. The world food crisis in 1974 was 
related to climatic variability, and the summer droughts in 1976 in 0estern 
Europe, England, and much of the northern U.S. plains has again dashed the 
world hopes of rebuilding significant grain stocks, stocks depleted by a 
combination of deliberate food policy of the present administration and 
difficulties with the weather. 

Climate effects on society can, for the sake of simplicity, be 
classified in three categories: short-term, medium-term, and long-term influences. 
The most obvious manifestation of climatic variability is the short-term effect 
it can have on global food production. For example, throughout the l960 1 s and 
early 1970 1 s, world food productio11 increased at 3% per year, while population 
growth only increased at 2% per year~ Many people have felt that technology 
(i.e., the Green Revolution) had rid the world of famine, and banished the 
specter of Malthus once and for all from.the face of the earth. Of course, · 
as is now common knowledge, the climate in 1972 played havoc with world crops. 
That year saw delayed monsoon rains in India dashing that country 1 s recently 
proclaimed status of self-sufficiency, an off shore current change near Peru 
devestated the anchovy catch, flooding in Pakistan, and a drought ir1 the 
Soviet Union so severe that it ushered in the era of massive Soviet purchases 
from the then unsuspecting North American grain brokers. World food production 
in 1972 dropped by only 1% over the previous year; but remember the global 
population growth rate implies that we need at least a 2% increase in food 
production yearly merely to standstill in per capita consumption. With this 
perspective, it is little wonder that prices doubled and talk of famine was 
again rife. Most of the loss in productivity in 1972 was made up from global 
grain stocks, which were then at about two month 1 s supply. The major holder of 
grains, the United State~ reversed years of experience in saving grains and 
followed the deliberate policy of liquidating government reserves. The 
administration had primarily two reasons: a)that reserves stabilized prices and 
diminshed profits for farmers and grain traders, and b)that technology had 
insulated us from 1·1eather variability and thus, by implication at least, grain 
reserves were less necessary than in the past. I believe that their point (a) 
can be challenged on both practical and moral grounds, and know that point (b) 
can and was severely challenged on technical grounds (see the attached paper). 
For instance, recent studies show that the period between 1956 and 1973 in the 
U.S. plains states, a period which has been taken for granted as experiencing 
11 no.rmal 1'leather 11

, 1·1a.s actually a period of remarkable climatic stability. That is, 
summer temperatures l'lere either normal or belm·1 normal, and summer rainfall 
either normal or above normal during this period. These abnormal conditions are 
precisely those optimum for most major crops for the region. Thus, many believed 
that the low variability in crop yields during that time was attributable to our 
technologies, and that food reserves \'lere less necessary. The disasterous corn 
and soybean harvests in 1974--of which a number of climatologists warned the U.S. 
Department of Agrigu1tura1 officials were quite possible--certainly proved that 
our a~riculture still remains significantly vulnerable to climatic variability. 
The simplest ~edge ag~inst the f~od consequences of this kind of weather 
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In the rned.ium-term, the ma·in climatic issues of concern are to maintain 
food reserves at an adequate level to hedge against climatic variability, while at the 
same time working primarily in developing countries to increase food productivity 
way ahead of their population growth rate. This is essential if there is to be any 
hope of achieving reductions in birth rates in developing countries. Often, the 
interim strategy of improving the living standards in developing countries--a goal 

v1hich enlightened Americans are beginning to embrace increasingly for both 
practical and humanitarian reasons--very often requires the application of 
technologies--particularly energy production. Unfortunately, state-of-the-art 
climatic theory suggests that if present energy consumption and population growth 
rates continue, the Earth may be faced v1ith some potentially major and-possibly -
irreversible climatic changes. Even by the year 2000, these could be as large 
as any of the documented changes since the end of the last ice age. Although 
the climate has changed considerably because of natural causes throughout 
history, the Earth is now at a stage where through the use of energy, 
humans may already be causing significant inadvertant climatic modifications, 
and we can expect that the human influence will grow with increasing pollutants. 
Unfortunately, unlike studying past climates, for which historical records exist, 

'human perturbations to the system have no analogy in history, and thus require 
theoretical constructs to estimate potential effects. However, climatic theory 
is presently far from being sufficiently well-established to yield more than 
order-of-magnitude insights, and present ·inferences are highly dependent upon 
the results of mathematical models, which still require further development and 
verification. Yet, this raises serious policy issues, for it may very v1ell be 
that it will take atmospheric scientists as long to refine and verify their models 
(in order to narrow the uncertainties surrounding the potential irreV~rsible 
modification of the climate from human activities) as it will to have th~ 
atmosphere "perform the experiment" of proving whether present estimates are too 
high--or too low. Clearly, whether to take such risks is an issue of values 
and belongs in the realm of science policy, not 11 expert 11 consensus. 

I 
..... ~-

The long-term cspect of climatic issues essentially relates to the ultimate 
steady-state level .cf world population and the total per capita use of technologies-- .r 

particularly energy consumption. Since the environmental insults from energy 
production is proportional to the total amount of energy consumed around the 
world, which in turn, is the product of the per capita consumption times the total 
number of people on earth, the long-term climatic impacts depend very much on 
how rapidly the world's peoples are able to succeed in the interim phase of improving 
the human condition and getting population growth rates down as urgent)y as 
possible so that the steady-state population size is as small as possible. The 
fact that some technological solutions v1ith lesser impact on the envi.,,~nment may one 
day be invented is of 1 i ttl e comfort to those \vho demand more energy equality with 
conventional technologies--even if they have significant environmental risks. 

' Further long-range climatic issues involve the potential effect of concentrating 
heat sources into 11 pmver parks" 1·1ith the consequent possibility of generating 
severe storms (thunder storms, hail storms, or tornadoes), the possibility of 
significant climatic modification from the end use of energy (for example, the 
propellants in aerosol spray cans or the use of nitrogen fertilizer may affect the 
atmospheric ozone layer) or, ultimately, the possibility that climatic "control" 
might· be attempted by some nations to either maintain the climatic status quo 
or gain political or military advantage. It ·is imperative that the spectre of 
geophysical warfare, be limited by global agreements as soon as possible (the 
Un~ted States was one of only a handful of countries that opposed the resolution 
be1fore the United Nations to ban the military uses of weather and climate control). 
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In sum, it is not so much the fear of ,a deteriorating climate, but rather 
the fact that we have permitted ourselves to be increasingly vulnerable to 
precedented climatic fluctuations 1·1hich raises the major "in-:rr.ediate climatic issues 
that deserve policy consideration. Furthermore, the possibility that there 
are "c'limatic limits to grm·1th 11 suggests that Americans, indeed all the 
world's inhabitants, must recognize that the indefinite use of technology 
(particularly energy consumption) cannot be tolerated by Earth without the 
likelihood of severe climatic consequences. In view of the uncertainties of 
present scientific estimates, perhaps the wisest strategy is to hedge our bets 
by diminishing those insults on the environment thought ~ost likely to be 
serious, thereby buying more time for the scientific co~munity to study 
problem--breathing time before the atmosphere itself "performs the experiments" 
for us. However, this also involves risks, since the inhibition of needed 
development could cause social and political strife. The one thing that is 
clear, however, is that these issues require urgent attention. 

RESOLUTION OF THE ISSUES 

The faster the scientific community can narrow the technical uncertainties 
surrounding the likelihood of a plethora of climatic problems, the easier will 
be the task of the policy maker. In order to accomplish this scientific goal 
several steps need to be taken. · 

A data base of variations of important climatic variables taken from 
both conventional atmospheric measurements, floating buoys, ships, submarines, 
and airplanes of opportunity, and earth satellites are necessary both to 
document the evolution of the present ~tate of climate and to provide a data set 
that can be used to construct and verify the predictions of the mathematical 
models of climate that are necessary to evaluate the climatic impacts of human 
activities. Therefore, it is necessary to improve considerably the state-of-the-art 
of mathematiC.al model!ing of the climate. These needs have been laid out in the 
National Academy of Sciences report "Understanding Climatic Change" that 1·1as 
issued in 1975. Furthermore, the National Oceanic and Atmospheric Admin·istration 
took the lead in preparing a plan to create a national climate research 
effort; their document on this plan was submitted to the domestic council and 
ultimately rejected because of budgetary priorities in 1974. Later on, after 
the administration had repeatedly turned its back on increasing climatic research 
(despite the difficulties the nation experienced in food production in 1974 
because of bad weather) Congressman Phillip Hayes introduced the National 
Climatic Research Act (HR10013) in the spring of 1976. Hearings were held 
in the third week of May, 1976 in Congressman George Brown's Subcommittee 
on the Environment and the Atmosphere (my testimony at those hearings is 
attached). To date, lack of administration interest has continued and the bill 
remains obscure. 

Finally, since most of the issues of climatic change and its impact 
on society are interdisciplinary, much of the work needed to shed light 
on the problem will have to be done in an interdisciplinary context--and both 
academic institutions and government funding agencies are ill-equipped to 
handle this kind of problem oriented research. 

It must be ~nderstood that while it cannot be stated with cert~inty that 
increased effort and resources in the field of climatic studies will provide 
immediate payoffs in terms of forecast capability, it must be said that the costs 
of oGr ignorance and knowledge of the workings of the climatic system may already 
unacceptibly high, and that while assurance of success cannot be guaranteed, the 
value of obtaining a better understanding of climatic system makes this scientist 
comfortable with the thought that support for climatic research is an inexpensive 
and worthwhile hedge against potential climatic crises (see attached testimony 
for more details). · 

' \,,._._ 
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RECOMMENDATIONS FOR PUBLIC POLICY MEASURES 

Paralleling the policy issues, it is clear that short-term policy with 
regard to climatic issues requires A) that we restore an· adequate food reserve 
to hedge against precedented climatic variability and B) that we engage in 
discussions with the international community to set up international food 
reserves to provide ample relief to those countries that are threatened with 
crop disasters from weather variability; however, such a food bank mu~t not be 
merely a transfer agency to facilitate the feeding of chronically deficient 
nations, but rather, coupled to negotiated plans between developing and---------~ 
developed countries to build some stability into the agricultural system of 
the developing country. This effort requires direction of our foreign policy 
towards what has been called "p-lanetary bargaining", a concept that recognizes 
both the risks and benefits of global interdependance, but proceeds on a 
negotiated basis to create a stable long-term world order; C) we must improve our 
ability to analyze and, ultimately, forecast climatic fluctuations through 
expansion of research efforts, and D) we need to build into academic and 
government granting agencies mechanisms to permit interdisciplinary research 
to flourish. For example, the reviewers of an interdisciplinary proposal 
submitted to the rlSF would generally give such proposals low grades, 
since the review structure still uses peers who value disciplinary originality 
much more than problem importance. Substantial revision of academic and 
granting agency peer review and evaluation processes for interdisciplinary work 
must be undertaken if the vast array of existing scientific talent is to' be 
brought to bear on crucial problems. 

We need1."E)1 greater understanding of the potential human impacts on climate 
to help determine what 11 acceptab1e risk" may be with regard to climat'ic 
modification. Of course, the acceptability of risk is truly a value judgment, 
not a scientific determination, and thus F) we need to devise better methanisms 
to separate out implicit value judgment from scientific expertise in the 
testimony of scientists before government bodies with regard to the recommendations 
for policy actions from these scientists. No scientist has expert credentials on 
how the society should take risks in the future, and a serious deficjency in the 
input of scientific facts to public policy remains, since most scientists make 
implicit value judgments as to the acceptability of risk, and ·the structure is 
not yet very adept in separating a scientist's implicit values from his 
technical expertise. ~ 

The far reaching implications of the existance of the potential ~imatic 
barriers to energy grciwth suggest that Americans, and perhaps most of the 
world's people, must recognize the finiteness of our planet and the fragility 
of its ecosystems, and the exterme risks of continued unsustainable economic 
and population growth rates. We may have to begin to deve1op --if only in our 
co-nsci ousness at fi rst--an 11ethi c of pruden-ce'1 in the face of terrible uncertainty 
an·d future risk. This will require inspired leadership to ask the people to begin 
to gear up for the inevitability of life style changes. Perhaps government 
involvement to regulate the rates for which potentially polluting activities are 
allowed to grow is the most obvious first step, but this must be coupled 
with the public understanding of the needs for the new ethics of prudence. 

The costs to the ·next generation of an irreversiably damaged climate 
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could be measured from billions to trillions of dollars. Unforturnately, 
in present economic accounting systems these uncertain costs are "externalized", 
therefore, not included in the cost/benefit analysis over issues such as 
pollution controls or growth rate limitation regulations. If the potential 
costs to the future were internalized in present accounting, perhaps through 
the use of "next-generat"ion environmental impact statements", then 
we would sustain less risk of doing irreparable harm to the wor~ of our 
children and grandchildren. 

APPENDIX I, ADMINISTRATION SHORTCOMINGS 

With regard to climate and public policy issues> it is my opinion that the 
present administration has subjected bot_h the United States and the 1dorld 
at large to great risk through its fear of surpluses more than shortages, a 
policy tantamount to putting profits for grain traders ahead of the risks of 
global convulsion (not to mention the moral compunction) from regional 
starvation in the face of not unlikely weather-induced reductions in crop 
yields. The horror of the drought in the Sahel in Africa and perhaps the 
collapse of some national governments can be attributed in part to the 
priorities of Mr. Butz and the administrat-ion (as pointed out by the now 
infamous 11 CIA Report 11 on the climate). Furthermore, the USDA has argued on 
technical grounds that reserves v1ere less necessary, a point that was clearly 
proved false by both the analysis of many scientists who warned them in advance 
and the events of 1974 and 1976 in the grain belts (see attached for mo~e 
details). When Mr. Butz was once challenged that the United States fodd 
policy was risky and t0at some form of reserves rationing might be necessary,· 
he was qL1oted as responding that one can "ration vlith prices, you know 11

• I 
believe, that the American consumer should hold him accountable for this 
philosophy of his administration. 

With regard to improving our understanding of climatic change in order 
to reduce the uncertainty surrounding the issues listed in the previous pages, 
the administration rejected a carefully worked out plan to coordinate and 
accelerate national efforts on climate research. The relative priority they 
demonstrated by holding back the budget on an item of tens of millions of 
dollars while making room on the budget for certain ha~dware projects 
costing tens of billions of dollars, certainly deserves to be considered by 
the voters. I beiieve the Task Force shou1d contact Congressman George Brown 
of California, who is trying to revive the hope of a national climate plan 
through his Subcommitte on the Environment and the Atmospher~ Congressman 
Brown can trace the political history of the administratton's «cold shoulder11 

to climate research in detail. 

Since the ~otential climatic threats of technology will be proportional 
to the size of the technological insults on the environment, the general 
unwillingness of the administration to recognize that limits to industrial, 
economic, and population growth will one day exist, and thus, we must begin our 
march toward a smooth transition towards a sustainable world, makes it that 
much more difficult to work toward a catastrophe-free transition over the next 
few decades. The need for energy conservation and the beginnings of a 
consciousness of holding back our insults on both the physical and social 
environment until we have better understanding of the long-term consequences 
of our short-term policies is an ethic that tan and should be raised in the 
political arena. 

L<''-: 

-~ 
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Finally, the United States' refusal to support the proposal before the 
United Nations to ban the military uses of weather and climate control cannot 
be interpreted by most nations as a sign of our desire to create "a generation 
of peace". 

Please note the attached material for more detail, or refer to my book 
(with Lynne E. Mesir0\'1): The Genesis Strategy: Climate and Global Survival 
(Plenum, New York, 1976) 419 pp. 

, ., 
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9530 La Jolla Shores Drive 
La Jolla, California 92037 

8 September 1976 

Mr. Michael Michaelis 
Suite 513 
1735 Eye Street, N. W. 
Washington, D. C. 20006 

Dear Mr. Michaelis: 

I, was out at sea last week and have just received the 
comments of Stephen Schneider on "Climatic Change: Implica
tions for Science Policy." I had been somewhat familiar 
with his position on the basis of his recent and very 
comprehensive book, THE GENESIS STRATEGY: CLIMATE AND GLOBAL 
SURVIVAL. I would like to add the following comments: , 

1. I agree with Dr. Schneider that a national climate 
research program has a large potential payoff, both short-term 
and long-term. He has presented the arguments in great detail. 

2. Among Administrative shortcomings, Schneider 
writes "refusal to support national climate research programs 
(costing tens of millions of dollars) needed to narrow 
uncertainties while approving tens of billions for new exotic 
military hardware." I would go easy on that; it is one of 
the lesser shortcomings of the Nixon-Ford Administration. 
There nas, in fact, been quite a renaissance in climate studies 
in the U. S. during the last five years. I believe we are 
more limited by brain power than anything else. The forecast
ing capability of climate remains in doubt, as stated by 
Dr. Schneider. 

3. Schneider has given a very general discussion on 
energy, population, and food. These are indeed the major 
problems where climate is an important factor, but by no means 
a decisive factor. 

4. I do fully agree with Schneider's criticism of the 
Administration's refusal to support a United Nations proposal 
to ban military uses of weather and climate control. 



Mr. Michael Michaelis -2- 8 September 1976 

As a whole, I think we can do better than to push 
Mr. Carter for a policy that puts more money into each of 
our fields of interest. I have always wished, that the 
scientist could play a more responsible part in apportioning 
national support for research and being willing to assign 
priorities. 

WHM: cg 

cc: Dr. Lewis Branscomb 
Dr. Stephen Schneider 

Sincerely yours, 

.,./.--J-:u1- n~ 
Walter H. Munk 
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Considerable concern and attention has recently be<:~n focussed on the 

prospect of a world food/climate crisis. Its concern was heightened by 

the disturbing weather events of 1972, which resulted in a halving of 

global food reserves and more than a doubling of some food prices. 

Fluctuations in world food production are the most obvious manifestations 

of cliID.3.tic. variability, yet despite the clear rnessa.ge from the events of 

1972 the potential seriousness of a world food/climate crisis is still a 

controversial issue. For example, Reid Bryson of the University of Wisconsin 

has stated that there is climatic change in process, and if the trends 

continue perhaps as many as half a billion people could starve in rlie nexc 

few decades. On the other hand, U.S. Secretary of Agriculture Earl Butz 

has intimated· that such statements are at best without scientific basis and 

at worst apocaly:;tic nonsense. As we explore in this te.s tirnony sor::r~ o;': the 

issues which lead to this controversy, one eleriien t becomes cibundantl.y clear: 

that issues of climatic change are both fraught with tremendous uncertainties 

and it is crucial that those uncertainties be narrowed as quickly as possible 

if we are to avoid potential disasters. It is my hope that these hearings 

" 
can contribute to the latter goal, and I appreciate the opportunity to offer 

my views. 

In addition to the obvious connection between climatic changes and 

food production, climate problems are deeply implicated in other aspects of 

the "human.predicament 11 (i.e., problem.s of world population, resources, 

environment, and the condition of human kind). It is important to study 

climate-related aspects of these problems for a variety of reasons: 

(1) Climate change can be both a global and potentially irreversible 

consequence of human indifference to natural systems. 
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(2) The climatic system does not confoi:m to the prevailing concept 

of "naticmal .sove1:eignty"; thus, the possibilities of climatic shifts in 

one area being connected to changes elsewhere provide an opportunity for 

international cooperation; these possible relationships could even s~r:_y_e ________ _ 

as a symbol of global interdependence to encourage greater world unity and 

movement away from the often selfish and short-sighted goals of nation-

.states. On the other hand, the interconnections of the climatic system 

could also provide a cause for international conflict. 

(3) Climatic processes are not well understood, yet potential 

climatic changes could be serious; this case exemplifies dilemmas th;:it will 

arise with increasing frequency over critical political issues that contain 

an important, but uncertain, scientific component. That is, the climate 

may well be understood 11 enough" to begin immediate and perhaps e:-~tensive 

actions to prepare for possible but uncertain dangers that present knowledge 

suggests may be ahead. 

(4) Considering their immediate importance, problems of climatic 

change have been given relatively little detailed attention in most of the 

debates on the world predicament. 
'<i:t\) 

Let me emphasize at the outset, however, that I am not forecasting the 
~ 

11 end of the world." I do not think it likely that the next ic<e age will be 

~upon us before the end of the Bicentennial, nor do I anticipate, on the 

1other hand, that the polar ice caps will soon melt and cause flooding of 

our coastal cities, permanently curing the problems of urban decay. While 

these climatic doomsday extremes cannot be completely ruled out as 

possibilities even as early as the next century, my greatest concern for 

the next few decades is for seemingly much less dramatic fluctuations in the 

clirnate--variations that are not unprecedented in the climatic history of 

the past few centuries. What is unprecedented, I believe, is the dangerous 
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v~lnerability our global food producing systems face from even seemingly 

sm2ll variations in climate. This j_ncreasj_ng vulnerability is not so much 

a consequence of the expectation of a continuously deteriorating climate, 

but rather a manifestation of our inability as a global society to build 

into our means of survival sufficient flexibility and reserve capacity to 

hedge against even the highly precedented variations in climate that have 

been documented in history. Of course, the wisdom of building a safety 

factor into our food producing systems is not a new concept. In the Biblical 

Book of Genesis, Joseph issued a long range climate forecast with a skill 

far beyond the best efforts of modern science: he warned that seven fat 

years would be followed by seven lean years and counseled that Pharaoh save 

up grain in the good years to ensure Egypt's survival in the inevitable 

lean ones. The Fharaoll, unfettered by the idealogical cocistl:aj_nts of the 

"free market phiJ.osophy 11 er the political imperatives of inefficient 

agricultural collectives, took Joseph's advice and implemented the first 

recorded exampl~· of the principle of prudence I call "The GP.nesis Stra tegy 11
: 

to build sufficient diversity and margins of safety into the means of our 

survival to insure our ability to sustali1 some adversity~-be it bad weather, 

an attack of pests, or an embargo from an oil cartel--without catcis""'l':~opic 

.\ •i} 
consequences. Food is the most obviou~ material with which to practice the 

Genesis Strategy, so I will take a brief look at some of the reasons I believe 

~the world may be facing a serious food/climate crisis in the next few decades. 
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II. The PotentL1l for a World Food/CJ.imate Crisis: The Short-Term Phase -----------·------·-------------------·----·-------------------------------·---

Considerable concern 2nd attention has recently been focused on the 

prospect of a world food/climate crisis. This concern \,;as heightened by 

the disturbing weather events of 1972, whi~h. as I said earlier, resulted in a 

halving of global food reserves and more than a doubling of some food prices. 

Let us examine this world situation briefly, for the demand for U.S. grains 

will depend not only on the production in the United States but also on the 

stability of the food supply outside of the U.S. (Huch of what fol.lows 

is excerpted V·:!rbatim from the book The Gene_sis Strategj__:_gimate and 

Global Sund_val, by S. H. Schneider with L. E. Nesirow,. Plenum Press, New 

York, 1976, 419 pp, from which additional details and references to other 

work can be obtained.) 

The year 19 72 wa.s a bad one for crops in nany places oulside of 

North America, and some weather experts think it could well presage a 

return to times of higher climatic variability and the attendant likeli-

hood of severe food disasters. In that year a coincidence of climatic 

disruptions occurred in many parts of the world, among them damaging floods 

in the American Midwest and elsewhere; the warming of the coastal waters of 

Peru, which results in a near collapse of the economically and nutritionally 

important anchovy catch; the continuation of droughi in the Sahel, with the 

consequent migration and starvation of some of its population; a few-

weeks delay in the onset of the life-giving monsoon rains in much of India; 

and a drought in the Soviet Union so serious that it led directly to the 

infamous Soviet wheat purchases from the United States and Canada. 

In view of these adverse conditions, it is not surprising that in 

11972 world food production was reduced by roughly 1 percent from the 
I 
previous year, the first such reduction in nearly a decade, a period during 
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which total food production in:reased by nearly 3 percenc per year. The 

variable weather of 1972 reduced grain reserves from enough to feed the 

world for sixty-nine days to about only a month's supply by mid-1974, accord-

ing to food expert Lester i3rm .. '1. The price of wheat also rose dra;natically 

because of its short supply, :i.aking additional purchases Bore difficult than 

ever for the poorer countries of the hunger belt, a term referring to the 

·belt of highly populated relacively poor nations spanning the globe in 

mostly tropical and subtropical zones. 

There is considerable debate among climate researchers as to whether the 

unusual even ts of 1972 were coupled with the occurrence of a "cooling trend, 11 

which has been documented filOStly in the middle to high latitudes of the northern 

hemisphere. However, because of the slm,Tiess with which cli.TI:a toJ.ogis ::s a:re :::.blt:'. 

to assemble and analyze the world-wide collections of climatological data, 

climatologists often .. find t:1.e2..Selves in the ironic position of knowing very 

little, statistically speaking, of the five~year period they have just lived 

through. Furthermore, many areas of the northern hemispher·e 2.rc~ u:~.c:overed by 

thermometers and much of the southern hemisphere remains unobserved. Therefore 

~E.._ossi.ble to tell whether, in fact, the globe has been experienc.~_~g_ 

a cooling trend in recent years, although it is certain that much of the middl~ 

.( 

and higher latitudes of the norchern hemisphere was cooling during the 1960s and 
' 

early 1970s. Thus, we cannot be certain whether the celebrated cooling trend 

has continued beyond 1972 or 1973, even in the northern hemisphere. On the 

other hand, the kinds of te.D?erature fluctuations that have been observed in 

the past few hundred years are not unusual i.n the perspective of climatic 

history and should not be considered as guaranteed omens of a continuously 

deteriorating cli~ate. The ;:a.in point here is that one should not glibly 

assume that the clinatic conditions of the very recent past will be 

maintained indefinitely, rather the climatic eveats of the past several 
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centuries are quite likely to recur. (In fact, in the absence of an adequate 

theory of cli.mate 1.Jith which to predict the future s_uch an "actua.d.al" approach 

to climati.c pred:i.ct:i.on is the only viable option.) This uncertainty over the 

likelihood for increased climatic variability is particularly damaging today, 

with world food stocks dangerously depleted and population growth maintaining 

its inexorable onward march. 

Let us take a closer look at the influence of weather variability 

on cereal grain yields in the North American granary. 

Consistently high crop yields depend on many factors: water, good 

seed stock, maintenance of genetic variability of crops, fertilizer, 

high productivity of the soils, pesticides, the pest-control services of 

natural ecosystems, good management skills of the farmer, capital to acquire 

and maintain technology, and stable climatic conditions. The major techno-

logical input is chemical fertilizers, ~specially on fields planted with 

high-yielding crop strains. Figure 1 shows crop yfelds up to 197 3 for the 

case of corn in Hissouri. The dramatic incre2.se in. yield per acre since 

about 1950 is coincidental with the dramatic increase in fertilizer, a 

coincidence that is not accidental. 
~ 

The actual annual yields of corn do, however, vary considerably from 
~ 

one year to the next. The scatter of individual annual yiel~s away from 
~ 

the long-term trend line (the solid curve on Fig. 1) indicates that before 

-
) the mid-1950s the deviation of yields from the long-term trend was consider-

ably larger than for the two decades after the mid-1950s. That is, after 

about 1956 the actual values of yields per acre each particular year (repre-

sented by the dots or squares on Fig. 1) are closer to the trend line (the 

solid line drawn through the middle of the dots). Thus, we can see that 

after the mid-1950s not only did yield per acre go up dramatically, but 

the percent~ variability of yield per acre went dm.m (represented by the 
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d.iminishing scatter of the dots away from the trend line). It is tempting 

to conclude that imp-coved 2.gricultural. technology has also accounted for 

the reduced percentage variability in corn yields since 1956. In fact, there 

are people who have pointed to the reduced yield variability since the 

1950s as an implicit justification for the policy of reduci.ng our government's 

food reserves holdings. These people argue that since technology has 

reduced the vulnerability of crop yields to weather variations, large food 

reserves are now less necessary than in the past. However, this argument 

fails, as we shall see, to consider that weather played a significant role 

in the almost 20-year period of high crop yields and low yi_eld variability. 

Since the U.S. is the principal grain exporting nation in the world, 

and since U.S. agricultural exports provide not only an important .eco~10r.:ic. 

benefit to the U.S., but an essential backstop against famine elsewhere, 

it is important to inquire as to what might be the outlook for drought in 

the U.S. plains. 

III. Droughts in the High Plains: A Precede1ited Event 

With some exceptions, such as the recent half dozen years of drought 
"il.-g 

in the Sahelian zone of Central Africa, most of the years between 1956 and 
.( r.,} 

1972 were blessed with remarkably favorable clirnat;i_c conditions for 

agricultural production, particularly in North America. For example, in the 

; five midwestern wheat-belt states in tfie United States, data compiled 

by Donald Gilman of the U.S. National Weather Service, Extended Forecast 

Branch, show that the period from 1955 to 1973 was marked by summer rainfall 

generally greater than the long-term average and summer temperatures 

slightly lower than this average, precisely the optimum conditions for 

high crop yields in this important agricultural region. 
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The darkened parts of the graph in Fig. 2 indicate above- or below-

normal values of tenperature or rainfall, depending on their location about 

the midline. The most obvious feature is the nearly unbroken ten-year 

streak during the 1930s, which was characterized by above-normal tempera-

tures and below-normal rainfall. That period marked the great American 

drought that eventually caused that previously fertile area to be called the 

dust bowl. Literature and history are filled with accounts of the devastat-

ing effects of the drought, how blowing sand and endless streteches of dry, 

hot, dusty summer days ruined crops, wiped out family farms, and spawned 

massive migrations--frorn Oklahoma to California, for example. The 

reinforcing coincidence of the dust bowl and the Great Depression of the 

1930s created as menacing a threat to the stability of the .American 

democracy as any since the American Civil War, and although the unfavorable 

climate dj_d not cause the depression, it undoubtedly aggravated an already 

grim situation. 

Other droughts (i.e., periods characterized by below-nonnal summer 

rainfall and above-normal summer temperature) have occurred in the 1910-15 

period and the early 1950s (Fig. 2). In fact, longer records indicate 

evidence for a periodicity of about twenty to.twenty-two years for high plains 
.( 

droughts over the past hundred years or so. Dr. W<=!-lter Orr Roberts, who has 

long studied these seemingly cyclical droughts, suggests that they may be 

connected to sunspot cycles observed on the face of the sun. Unfortunately, 

a physical theory explaining such a hypothesis is still not available. The 

main point, one he often repeats, is that high plains droughts see to recur at 

regular intervals and thus, regardless of their cause, we should be prepared 

for them and their effect on crop yields, soil erosion, and food security. 

(He also points out the next such drought is "due" in the mid-to late 1970s!) 
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Now, we can compare the remarkably high yield and low yield variability 

period of the late 1950s and 1960s shor,m on Figure 1 <-.'ith the weather in 

the high plains shown in Figure 2. Returning again to Gilman's findings 

(Fig. 2), one more important feature must be recognized. That is, directly 

following the 1950s drought the next fifteen years or so in the wheat belt 

saw nearly uniform summer climatic conditions: slightly higher than normal 

rainfall and below-normal temperatures--conditions that are ideal for high 

crop yields in the plains. Thus, we can see that· the period of massive 

technological improvements in agriculture (when crop yields rose steadily 

and at the same time the variability in crop yields per ac.re from harvest 

to harvest decreased) was also one where the weather was abnormal, that is, 

abnormally good for growing. Until recently, nearly everyone has ·overl:::ioked 

the fact that the \·ieather during this period was also 1.musually favoraule. 

A study by Dean.Louis M. Thompson of Iowa State University and Dr. 

James McQuigg of the National OceRnic and Atmospheric Administration at 

Columbia, Missouri has shown just how critical the fifteen nearly con-

secutive good growing years were to the maintenance of high yields and 

(particularly) to the low variability of yields. This study suggests that 

the chances of enjoying such a favorable growing climate for another fifteen 
.( 

years are quite low. Food reserves may not have seemed necessary in the 

recent past because some believed that technology had significantly reduced 

the chances of weather-related crop failures, thus rendering the need for 

reserves, at least by implication, somewhat superfluous. I believe this 

to be a dangerous assumption. 
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IV. The Interim Phase: IncreasitH~ Agriculture. and Decreasing Ponulation 
----------------------~..__..._..__ _____ . _______ ~-~---------' _ _j,_._ ________ _ 

Growth P.ates 

Although I have argued that variations in the climate occurring at 

times of depleted food reser.ves could produce serious fluctuations in food 

production which, in turn, _could lead to price rises in well-fed countries 

and famines elsewhere, the fundamental future threat to global stability is 

not so much climatic, but rather the classical difficulty: food production 

might increase at a slower rate than the rate of population growth. 

It is often argued that population growth in deveioping countries will 

become self limiting as their standard of living increases--the so-called 

"demographic transition." Thus, rather than putting the brakes on 

development, advocates of this theory call for more de'Jelopment, Hhi.c.h 

is often translated into calls for increased food production, industrializa-

tion and energy consumption. Let us take a look at the role of energy in food 

production through the case of U.S. agriculture. 

In an article Science, John and Carol Steinhart of the University of 

Wisconsin have traced the energy component in the U.S. food system. Their 

study demonstrated how farm output in the U.S. has risen with incrf~sed 

¥;) 
energy use and how, in recent times, there has been a levelitg-off ~f that 

food output despite still increasing energy inputs. This relationship 

is shown in Figure 3. Thirty to forty ~ears ago only a few calories of 

energy input to the U.S. food systera could buy a calorie of food output, 

whereas in 1975 it took more than 10 calories of energy input to get the 

same result, as seen on Figure 4. This suggests that in energy terms, at 

least, the U.S. agricultural system is no longer efficient but rather approach-

ing a law of diminishing returns. The U.S. agricultural system is, of course, 
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h~ghly productive, but it is not clear that U.S. farmers will be able to 

increase their productivity in the future at an~Jhere near the same rate 

that productivity increased during the 1950s and 1960s, without technological 

breakthroughs that cannot now be guaranteed. 

Fortunately, most nations in the world, particularly those poorer 

nations in the hunger belt, do not have energy in~fficient agricultural 

systems, but rather very unproductive ones. Therefore, there is much room for 

optimism that global world food productivity could be raised significantly 

since many nations have energy inputs to their agricultural systems well 

below the levels of energy input to the U.S. and other high~y technological, 

energy-intensive agricultural systems. In fact, much of the optimism expressed 

by those who claim the world can support many more than its present population 

of four billion 1>"eople, comes from the fact that global energy ap;)lica::ions 

to agriculture in poorer countries are still well below that of the technologi-

cal countries, and thus the hope exists that other nations could increase 

their productivi~y along the lines of the U.S. system or other developed 

agricultural systems. 

Unforttmately, the application of technology, particularly energy, to 

·~ 

improve the human conditions is also accompanied by a disagreeable by-product 

" 
(,~ 

we call pollution. This, of course, leads to the now classical conflict 
• 

between "environmental" interests, who wish to abate pollution, and economic 

-
1and development interests, who are willing to accept pollution as an unfortu-

nate but unavoidable by-product of development. 
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Before describing some of the theories of climate change, let me 

first review how climate works. Weather in our latitudes is directly 

related to conditions elsewhere on the earth. Sunlight hits the earth with 

more at it intercepted in the tropics than in the poles. Some of that sun-

.light~ reflected from air molecules, the earth's surface, dust, and clouds, 

and thus cannot be absorbed to warm the planet. At the same time, the 

remajning 70 percent of the energy which is absorbed causes the tem~erature 

of the planet to increase. Like any object, the earth gives off infrared 

radiation proportional to its temperature. Warm air rises in the equatorial 

regions, which are heated in excess of their outgoing infrared radiation, 

and travels toward either pole. As the earth rotates, the equator is 

spinning around ;:aster than the poles; consequently, when the warm air moves 

outward it takes with it this momentum, this speed of equator, forming westerly 

winds in our latitudes. 

The amount of air that moves toward the poles from the heated equator 

depends on the differences in temperature between the equator and the poles. 

If the poles are cold relative to the tropics, then the vigor of the circula-

. .( 
tion system is stronger; as a result in winter we experience more storm 

systems and the jetstream is very fast. As many of us are aware, in the 

winter, the flight from the East to the West Coast takes much longer than the 

return trip, whereas in the summer the flight time is almost the same. 

To some extent one can say that virtually everything in the climate 

system is coupled to everything else; any large-scale push in one place 

causes a bulge somewhere else, but these are not all equal in magnitude. It 

is the task of climate theory to determine what those magnitudes are. 
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Since the sun is our major energy source, an obvious theory of climate 

change concerns fluctuations :i.n the output of the sun. At the present tj_me, 

fluctuation at very low and very high wavelengths has been determined but we 

do not know to better than about one percent what the total output of 

energy from the sun is and how it varies. Therefore, it is very difficult 

to determine if previously observed planet warmings and coolings are 

directly caused by changes in solar output. Some attention is now being 

directed to efforts to develop methods which will yield more accurate 

measurement; this task requires a difficult development process but it 

surely can be done if given impetus comparable to its importance. 

Another theory is related to the fact that the earth's orbit varies 

slightly with respect to the su.n; for ex2mple, the relative location o:E the 

poles changes fro~ surr@er to winter over periods of 10,000 to 100,000 years. 

This theory has be.~n_ used to explain 1.0ng-term ice ages, but it certainly 

I 

cannot account for climatic fluctuac.ions like the "little ice ag~" a.nd 

the short-term variations which wreak havoc with our crops. In add:i.tion, 

changes in atmospheric dust and carbon dioxide as well as changes in the 

land have been postulated; the continents have drifted around for millions of 

years, clearly causing a climate change, but that factor is not very important 
4 

for climatic changes over less than a million years~ 

The oceans are a critical component of climate. They have vast 

capacity for energy storage and they can release their energy on time scales 

of days to hundreds of years. This process may very well be responsible for 

short-term fluctuations. Internal oscillations in the climate system (consist-

ing of the atmosphere, oceans, land, and glaciers) have also been postulated: 

;/. 

. ~ 
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whereas one might perceive short-term climate changes as being forced by 

external causes, they could, in fact, represent redistributions of energy 

among glaciers, oceans, and atmosphere. 

In addition to natural causes, the effects of human activity must-be------

considered in relation to recent climate changes. Some of these are 

discussed in the next section. 

How does one judge the relative effect of these factors on climatic 

change? It is a difficult task to separate out quantitatively the cause-and-

effect linkages from the many factors of comparable magnitude tending in 

opposite directions. As with any science, the process of developing a 

quantitative theory of climate begins with observations from which hypotheses 

are generated. The next step is to design experiments. Only a limited 

number of experiments can be carried out in the atmosphere. l~oreover, it 

would be nearlY, impossible to devise a laboratory simulation of the complex, 

nonlinear interact.ions which produce the earth's clima L:e. One can learn a 

good deal about individual processes from studying other planets which obey 

the same laws of physics as the earth. Without a twin earth, however, the 

only way to simulate the earth's atmosphere and oceans effectively is by 
""'1'l 

means of mathematical models. 
<I 0 

There are many different kinds of models ranging from simple one-dimensional 

forms that focus solely on the vertical part of the atmosphere to highly 

sophisticated representations of the atmosphere and oceans. Any analysis of 

long-term climate variations requires coupling of models of the atmosphere, 

the oceans, and even the cryosphere. In addition, while many processes are 

included in such models, there is no certainty that they have been included 

correctly. To the extent that we can define which processes are represented 

correctly, these models might have some utility for climate studies in the 

near future. 
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Industrialized peoples, with their higher standards of living, rapidly 

became dependent on the extensive use of energy to turn their wheel_s_, --~~:~E ________ _ 

their building, produce their electricity, and grow, store, and transport 

their food. Most of the energy liberated is derived from fossil fuels--

coal, gas, and oil--whose burning is accompanied by a variety of atmospheric 

pollutants. One form of such pollution that affects the entire atmosphere 

is the release of carbon dioxide (C0
2

) gas. Even though it makes up a small 

fraction (less than one one-thousandth) of the gases that comprise the 

atmosphere, co2 is crucial in determining the earth's temperature beca~se 

it traps some of the earth's heat (to produce the so-called 1'greenhous•::: eifc::ct 1=), 

Human activities have already raised the co
2 

content in the atmosphere by 

about 10%. Figure 5 shows two estimates made of this phenomena. In Figur<:>. 

Sa the projection made by Dr. Lester Machta of the National Oceanic and 

Atmospheric Administration in 1971 is shown. This is a good example of the 

consequence of the exponential growth in the use of energy. The figure shows 

that over the past 110 years, the time in which the industrial revolution 
~ 

took off on a world-wide basis, atmospheric carbon dioxide has risen by about 
.( !,_-\) 

10%. Theoretical arguments suggest that such an in~rease might increase 

the earth's surface temperature by several tenths of a degree Celsius. In 

)fact, the earth's temperature did warm by about 0.5°C to about the middle of 

the 1940s. However, it is well documented that the nor theni hemisphere 

temperature, at least, cooled significantly since the 1940s. Therefore some 

people have argued that the co2-greenhouse warming theory could not be 

correct. However, the rise in temperature to the middle of the twentieth century 

was only about half a degree Celsius and therefore not at all unprecedented 

in climatic history. Whether the effects of the carbon dioxide were contribut-
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ing to that trend, and were, therefore, bucking a natural cooling period after 

1945, or whether tl1e theory is wrong and the carbon dioxide-greenhouse theoreti-

cal estimates are too high, is not a determination that can yet be made for the 

simple reason that the fluctuations in climate that have occurred to date 

could either be a result of natural causes or influenced to some extent by 

human activities (such as the injection of carbon dioxide). Since there is 

no precedent in climatic history for such increasing carbon dioxide from 

which we could look at the response of the real atmosphere system to an 

increase in co2, we have no alternative but to attempt to estimate the 

potential effects of this pollutant from theoretical models of climatic 

change, mathematical constructs built to augment the limited ability of our 

physical laboratory to understand and model the actual cl:i:matic system. 

Notice from Figure 5, that although the first 10% increase in carbon dioxide 

took place~n-about 110 years, because of the exponential nature of the 

consumption of e.nergy and the burning of fossil fuels we c2n see that the 

next 10% increase will take only about 20 years and the next 10% increase 

beyond that only about 10 years. By this time the climatic impact of the carbon 

dioxide should (according to the model calculations) cause a climatic warming 

of about 1°C--a warming as large as any that has occurred i~modern climatic 

h · t r 1 ·n..ether such a warmin 00 uould influence the extent of ice and lS 0 Y. Wll 

snow at the polar caps or influence the level of the world's oceans cannot 

be said with certainty. Neither, can it be said whether such a warming 

would push the grain belts of the world northward by several hundred miles 

thereby disrupting the present patterns of agriculture. These, of course, 

are possibilities, but climatic theory is yet too crude to be certain. The 

most perplexing aspect of this dilemma is that the only certain proof that 

the carbon dioxide-greenhouse theory i~ correct, will come when the 

atmosphere itself "performs the experiment"· of proving present estimates too 
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high--or too low. If the present rates of fossil fuel energy use continues, 

the climatic system will perform this experiment within a generation. 

The estiu0tes that Machta made in 1971 were based on a very limited 

sample of data, and therefore no one could be sure how reliable his projections 

would be. In fact, more recent data suggests that his inadequate data 

base was reflected in the fact that his more recent estimates were different 

from his earlier estimates. Figure Sb shows Machta's estimate of the C0 2 

content in the atmosphere, an estimate he made in 197~-, several years after his 

earlier estimate shown on Figure Sa. Notice that the uncertainties in the 

earlier data did not automatically reduce his estimate, as -some people believe 

uncertainties will always do, but rather his new estimates suggest that the 

co2 concentrations of the atmosphere will be larger ti1an orginally; thought 

based on the uncertain data base several years earlier. Perhaps, the next 

increment in our knowledge will bring the answer back the other way, but the 

potential clj_matic consequences of increase.~ energy use is not bias2d toward 

optimism. The s~ord of uncertainty cuts in two directions, and thus we 

must face the uncomfortable reality that the only estimates we can make 

of potential human impacts on climate generally involve the use of uncertain 
.{ 

mathematical models of the climate, models that mu!'.;t rely on tentative 

physical theories whose verification comes very slowly because of a limited 

data base of atmospheric and oceanic variables. 

Figure 6 shows the considerable complexity involved in constructing one 

of these models. The figure shows the so-called "feedback loops" that exist 

between various processes in the climatic system. For example, if car.ban 

dioxide increases really would lead to a warming of the surface, would that 

not evaporate more water, thereby creating more cloudiness, which in turn ~vould 
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block some of the sunlight from reaching the earth's surface, thereby 

mitigating the warming effect of the co
2

? Such 2 "negative" feedback mech-

anism would lead to a dampening of the co
2

-induce<l warming. On the other hand, 

if the co
2 

warmed the earth's surface, it would melt some ice and snow near 

the polar caps. This region that was previously covered with ice or snow would 

then be darker than the white ice or snow it replaced. This darker region 

This would absorb more sur1light thereby enhancing the co
2 

warming effect. 

"positive" clj_rnatic feedback mechanism could act to destabilize the climate if 

perturbed by some human influence, su.:.:h as co
2

. Unfortunately climatic 

theory is still incapable of resolving even the direction of the total sum 

of all atmospheric and oceanic feedback mechanisms, and thus the best 

estimates we are capable of making generally relate one variable, such as 

an increase in carbon dioxide, to a single response, such as an increase 

in earth's surface temperature. Whether the collective "soup" of all 

atmospheric and oceanic feedback mechanisms will ultimately render our 

present estimates high or low is too soon to tell, but j_t is urgent that 

the e~ror bars in our estimates be narrowed so that society will be b~tter 

able to make judments as to the timing and magnitude of potential climatic 

~ 

changes caused inadvertently as a consequence of human activities, activities 

often designed to improve the human condition. 

Carbon dioxide is not the only by-product of the burning of fossil 

: fuels. Another form of atmospheric pollution results from the introduction 

of dust and smoke particles, which, when suspended in air, are called 

atmospheric aerosols. The word "aerosols" is merely a term used to 

describe the suspension of any kind of particle in a gas. These particles 

can be solid like dust, sand, ice, and soot. Or, they can be droplets 

like the water particles in clouds and fog or the liquid chemicals that 

are dispensed as droplets from aerosol spray cans. The air contains 
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trillions upon trillions of aerosol particles, which, like co2, comprise 

only a minute fraction of the total atmospheric mass. Despite their 

relatively small volume, aerosols can affect our climate, primarily by 

absorbing and scattering back to space some of the sunlight that could 

have otherwise reached the earth's surface. Industry is not the only 

human activity that causes aerosols. They are also produced in great 

quantities by the widespread primitive agricultural practice of slash-and-

burn, where large quantities of vegetation are purposefully burned to 

clear land. 

A consensus among scientists today would not be forthc?ming as to whether 

an increase in aerosols would result in a cooling of the climate or a wanning 

of the cliil'..ate, for aerosols w:Lll cool the climate if they are re1.c:..tiveJ.y 

whiter than the sur.fac:e over which .they lie, or, alternatively, tht:.7 1·1il1 

warm the earth, if they are relatively darker than the surface over which 

they are floating. The. dust that exists in the earth today, is h:i.gU.y 

nonuniform in both geographic distribution and relative brightness 2s compared 

to the ui1derlying surface. Therefore, we cannot yet be sure whether dust 

contributes to climatic warming or, alternatively, has been implicated in 

~ 
the recent cooling. 

?; 
Ny own feeling is that climatic theory is still too primitive to 

prove with much certainty whether the relatively smctll increases in co2 
. ' 
:;and aerosols up to 1976 have been responsible for the observed climatic 
' 

changes we have recently documented. I do believe, however, that if concen-

trations of co2' and perhaps aerosols, continue to increase, demonstrable 

climatic changes could occur by the end of this century, if not sooner; recent 

calculations suggest that if present trends continue, a threshold may soon be 

/reached after. which the effects would be unambiguously detectable on a global 

basis. Problematically, by that point it may be too late to avoid the 
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dangerous consequences of such an occurrence, for as I have said, certain 

..E!oof of present theories can come on]_y after the atmosphere itself has 

."performed the experim12.nt." 

The climatic disruption from energy consumption is proportional to 

the total amount of energy used, which is equal to the population size 

multiplied times the per capita energy-consumption level. Thus, a greater 

level of consumption per capita is possible (with no additional enviornmental 

risk) if the total population size is smaller. Delay in achieving reduced 

population growth rates might just mean that there would be too many people 

on earth to achieve a high per capita energy-consumption le~el world wide 

without the risk of severe climatic changes; in that case the world would 

face increasingly intense pressures for the redistribution of wealth at a 

tj_me of fixed levels of energy consumption. The unstable political climate 

that situation. implies is most ominous indeed. The price of ignorance can 

indeed be very high. 

VII. Decision Making: Can We Wait for Scientific Certaintv? 
·~~~~~~~~~~~~~_._-

Perhaps the greatest threat to our future security lies in a conunon 

misinterpretation by many citizens aad decision makers of the loud and 
.( 

confusing debate among experts over the technical s_,omponents of many public 

policy issues of future survival; that is, uncertainty in science suggests 

merely that we study more before we worry--or act. 

Many people probably don't know whose opinion to trust on the bewilder-

ing issues of climate change, technology, and human survival. Unfortunately, 

the remaining choice is to trust no one, thereby avoiding the issues, a 

course of action that inevitably translates into maintenance of the status 

quo. Since measures designed to enhance the likelihood of catastrophe-free, 

long-term survival can be as e::-...--pensive as they are uncertain of efficacy; it 
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is tempting to rationalize postponement of action on these perplexing matters 

until tl1e scientists, econo~ists, moralists, politic2ns, or other leaders 

of the debate are unanimous, or at least seem more certain, about what they 

are saying. At the same time, we often become preoccupied with more 

immediate crises--inflaU.on, recession, taxes--and lose sight of the more 

distant calamities ahead. Unhappily, most democracies, like the Caited 

States, are in general responsive to relatively short·-term concerns; and 

mechanisms must be devised imm.ediately to encourage elected representatives 

(or even hard-fisted leaders in more totalitarian states) to place first 

priority on longer-term issues of human survival (perhaps by adopting some 

fonn of disaster insurance at an international level). A change in political 

consciousness, and ultimately polit.ical process, is essential. 

But such forward-looking consciousness is a ra.re con;moclity. Returning 

to the case of climatic variability and a safe level of food reserves, I 

recall an incident in June, 1974, that I am fond ot re::.1eating, ':JrH=:n Reid Bryson 

of the University of Wisconsin and I were arguing for just such a margin of 

safety with an Agriculture Department official before an audience of W'nil:e House 

policy-makers. We pointed out that there has been over the past hundred years or 

so a drought of some significance in the Great Plains of the United States 
I, 

roughly every twenty to twenty-two years. Some researchers claim that 

these droughts are related to sunspot cycles~ and others dispute this 

thinking as unfounded. We stressed that, regardless of possible causes 

for the droughts, the important consideration is that the next such drought 

is 11 due 11 in the mid-1970s, ancl thus prudence suggests that we be prepared 

with adequate food reserves, soil conservation practices, .... But food reserves 

are expensive and depress future prices for farmers and grain traders, we were 

told by the offical at the briefing. We agreed. However, he went on to repeat 

Agriculture Secretary Butz's belief that the government should nonetheless stay 
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out of the food reserves business regardless of the climatic risk. We protested 

that no one besides the federal government would voluntarily build up 

enough supplies to hedge against weather variability such as the twenty-two 

year drought cycle. Then a voice from the back of the room taught ~~ a 

lesson. "Around here, 11 he said sarcastically--referring to the terms of 

office of the U.S. congressional representatives, president, and senators--

"the only cycles that count are the two-, four-, and six-year cycles." 

This points out an apparent mismatch in time scales that could be 

one of our greatest threats. Whereas the climate can fluctuate over 

decadal periods or the adverse environmental and social consequences of 

premature deployment of large-scale technologies often are felt on the 

time scale of a generation, the political process is most effective in 

dealing with problems on yearly time scale. As the threats to our long-

term survivability grow, this mismatch becomes, I believe, increasingly 

more serious. 

VIII. Understanding and Predicting Climatic Change: The Need to Reduce 

Uncertaj_nty 

This difficult situation is made even more trying by tl~e inab:ificy 
.(• ~ 

of present climatic theory and observations to provice more than order 

of magnitude estimates of the possibilities for climatic variability and 

their effect on food production on the one hand or the influence of 

technologies that create atmospheric pollution to affect the climate on 

the other hand. Therefore, it seems prudent that attempts to decrease the 

wide range of uncertainty about these climatic issues can go a long way 

toward helping decision makers choose policies that will both hedge against 

dangerous possibilities and at the same time minimize wasteful inhibition 

of needed development. In the short run we need to take a careful look at. 
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the kinds of climatic fluctuations that have occurred in the past. This 

actuarial approach to climatic forecasting cart help to tell us the kinds 

of food production fluctuations that could occur in the future if the 

weather of the past recurs. In the absence of forecast ability ~h_at_ is -~-~<:._ ____ _ 

best forecast that can be made. The notable efforts of Dr. James McQuigg 

and his colleagues at Columbia, Missouri of the National Oceanic and 

Atmospheric Adruinistration in conjunction with the U.S. Department of 

Agriculture to look at food-climate relationships in the U.S. plains should 

be extended to other major granaries, not only in the United States and 

Canada but elsewhere in the world.· At the same time studies aimed at 

determining the feasibility_ of predicting average weather in major granaries 

a month to a season in advance should be strengthened, but .it must .be 

recognized that this is a very difficult problem, one that has both 

observational and theoretical difficulties. Nevertheless, the value of 

such a forecast would seem to me to justify enhanced efforts at dete~mining, 

at the least, the likelihood that such prediction is possible, let alone 

determination of factors that would permit such a prediction. 

On the other hand, a second kind of predictive skill is needed: the 
.,;,,J 

ability to predict a change of the long-term average climate from hurnan
;j. 

induced changes in environmental conditions, such a,? the ca!"bon dioxide 

level or heat released from power plant electricity generation. This pre

~ dictability would not tell us the chronologi~al way the cli~ate would 

change from one season to the next or one year to the next, but rather would 

provide the mean or average picture of how the long-te!"m statistics of the 

climate could change with external forcings like co
2 

increase. Considerable 

optimism is justified, I believe, that such prediction ~feasible, since a 

very large externally changing forcing function, namely the seasonal march 

of the sun through the sky, causes a very large and predictable climatic 
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signal, namely, the seasons. Thus, we have demonstrable evidence that 

large-scale changes in the forcing of the climate system will cause 

detectable and reasonably predictable responses. As the impact of human 

activities grows in magnitude, it will be easier for us to demon~trate 

their influence on the climate and to predict them. This task requires 

further development of mathematical models of che climate, since these are 

the only tools that can test the response of the system to forcing functions 

for which the system has no previous experience. The difficulty we encounter 

at the outset is that .verification of these models is often based on their 

ability to reproduce the kno;m variations in the atmosphere such as the 

seasonal cycle. Therefore in order to verify these models for a problem such 

as determining the effect of carbon dioxide on the global climate, ~·1e must 

make these models reproduce kno\.;n, but different, variations in the climate, 

such as the seasons. In order to gain ~onfidence in their veracity, we must 

test any such models predictions against observations not onl.y for atmospheric 

temperature, but also for variations in precipitation, radiation fluxes going 

up into space, changes in the reflectivity of the earth, and winds. 

Therefore, a companion observational program capable of providing datq. 

sets that are needed to verify the fidelity of the predictions of climatic 
~ 

models must be undertaken if we are to improve ou~ confidence in the 

predictions of these models for problems of hur.1an impact on climate. Such 

a data set is necessary in its own right, to perform actuarial analyses of 

climatic variability. 

Let me conclude by pointing out that many of the difficulties in 

predicting climate will require increased understanding in order to bring 

about improvements. The problem does not necessarily lend itself to quick 

~ngineering solutions: 1 whereby a large influx of effort and resources for 

a short time will provide a quick payoff. Rather, the commitment, I 
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believe, is to a continuous and perhaps expanding level of effort, where 

that level is determined in part' by the progress at previous stages. 

Unsolved scientific problems like climatic 1>redictability are best pursued 

through the market place of ideas, and tl1us I would prefer to see the effort 

spread among many independent research centers rather than accumulated into 

a central corrun.3.nd. On the other hand, centralized tracking of progress ac 

various remote institutions could help considerably by increasing cross

communications and insuring that important aspects of research do not fall 

between the cracks. 

In conclusion, while it cannot be stated with certainty that increased 

effort and resources in the field of climatic studies ~ill provide 

immediate payoffs in terms of forecast capability, it mw;t be ;:;aid tha:..: the 

costs 0£ our ignorance of the knowledge and workings of the cl:i.mat !. .. :.:. system 

may already be unacceptably high, and that while assurance of success carmo t 

be guaranteed, t~<e value of obtaining be::.ter understanding of the clirn:J.t:ic 

system makes this scientist comfortable with the feeling that support for 

climatic research is a worthwhile hedge against potential climatic crises. 
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consm s In.et;t;_>tt! fcrr E?!'-'lrO::-.>~,:,c-J:i.t~J.; ilie C".1<-~ti-£m. o~ z rmt10nt:J Ci:.tr.a: • .,, pr&
Studica were p;:-;;:-J~:ctit»::-; ths.t <m}'c-;,;.~, l gra::;,~ f.t1S-.t wol!.l<l B.:.ithorfa~ the eo/...rid.i· 
who thought: P-§'.i'J'J.!t.m·~J, pr-~X::.•,1c;-.ivity ! tm'(; cf $l&S mill.km Ovc;'." a tJ;1o.;:·yosL' 
could be m:=)nta;;~.---1~.:; t>.kJil'' ir.i- ( pe;:i~ ... J for a w:Iiet.y of ~!1!.'l"L cbi~ 
proved in th~ 0·l.m1r. R·:."l'C~•~tio;:;. trn:'J .. \ tive.J a:~Lt·ed to·.-,·~itl frn:e.:a;~_.;~1g di· 
tion-v.'1!3, in eB~-::., livh°\>; in a fo<:i)'9) tu.~t.i.-:C".hs.t1..f,~~smucha~·flY~-~~. 
paradise. Th~ Vlif.>.:cnzi.u g1~mp, along \ Nim-, ho c.onvinred the me<l.9urs's ro
with othe."E, hz.::.f. <lctro-.etl what it !J.""" 1 sp:>J:?so:r.3-thc suoc.Qrr-.r,:iit~'s clmir
ceived as a gbbcl cJii.>JZ.ti.c shift beck !Ar '.man, Q.:'.2.~-~ro?,'Yl, __ ()f..~_@fo.!Jli..<;. and 
ward we.a.th.er oorui\tior:.8. th.<i.t had pre- l Ir.~'0l)lican 1.r,.rr.f .. ~~~-Jr., .. of Ka.'iMS 
vailed, in the words of t.h~ CIA repc1t, -:w!'.2 -t11e" stiazjc mo:nent to hold 
during "the nect·ho~l era of 1600- he-;-... 6 .. --:.gs on tlrn proposal sx;d so give it, a 
1850-an ere. of drought, famine, and cre:Hble legislative histor,t. The matw..r 
political um:e:it in the w~tem ·world_" could com2 to a vote as e11rly aa the end 
The CIA, of rourse, roul<l not be sm"e ~.of this year. More JikpJy, however, 
that Bryson, et al, we..-e cor.ect. Nom· \YC:€ij_,J.itive ai:tion will await 1977 when a 

~.rt?l't CoI:.gre5~ mey be in the ru..,'10tl and 
~-----~ ~.wl.e poo:iti.cn tc bo1dJy strike out on it...'l 

JUDITH llANOAL, O:ia'll~ Mr.terJ~.,,·o etlc:r.co ~ 
po(ky editor, is odo:o:'-' C""1'~;>c:J<!O"'! lJ> \V .. h\..,5• OW'll. 
1011 for 1be No~ Yozl< n .. .ur N<>t"1~. Wh1;1t1wer the lcgi:3ltttion that 

··-~:=:-: .. : 
. ·. ·-.--

f'~t~ ( seve:rnl ro!i(;T()SSlll'<m h&vo 
ot.h.~ LiU.s in Lile hoi1p~j, the L~-i~~ 
ruz:d1J it cbar thzt l:h~ are two thingt 
WEDi:~r::t~ 7/.•;:nt m::st to s....~ inc.orpm-ilted 
-lreaitl.w, of coc:-::3, ade7.:'_'uatc fultding. 
Orn~ fa an e:·1rbacis on tho upgn1ding of 
cli1w~t:;i sd-:::r..es a:id C<.!H!.aI" devclnp.n'1"..llt 
for tlmr,:i, si1;ce the nmnba; of poc'fib in 
tbfa counl:i}' with advanetd deg;~,~ in 
this Ge.ki. h now c.;::b'(.ffidy smaU. Pr~ -
surna:b.~y thfo ;·iy;\; •o'.oc:.:.U ~", ~ orily the 
support i:;:nv dC"1dop-mcnt of m<Jr'-'! \;'fli· 

versity rr?:;~,;rch centei~J, but. c:\!X, thC: 
awan:i:ir..g- of post{;r~du~to tz;illning · 
grants. 

The other is a long-rn.ngec<m'ITT'litmcnt 
to the go.;:.l.!l?.."ing of n:ori) inbm1~tio11 
and t.o it..'! t.r.i.2lyeiil end coordir~ti-vn in 
imd oot, of gcwen1;1!''- ·.j. 'Hitnr~: nf\..('.J' 
witnc2e t,01d U-c hcc.r-ii>g£ that: ~ C'If:t:h 

cl'fort di.~.,e;d tow!trd t..;;chno.Jrogic;;l 
qvkJ~ fo~CJ WO<'.ld '.~ infl{J1::<ipri~i(: h~1J1 
becal.!28 the i)&~oY;: .. : lmowl&lf:.'i' roi;.-r' jr, 

meager .:m.d ;}if..<;:'''"' 'i:liat are r!lOC:..iro for 
mare tbJm ~..:xot;acul;·:r attainm{:;1t..~ lilm 
deJi!,..-~ • ..,~ '{H·-~t.hc::c m:x!.ifr.::atinn, am thr: 
mear.5 to focteir corndd{!l'atio:r.s. c.5 di· 
~~~ b.~?- ~~:i;-"::-:.J~1!y ~";.:'~}' ar.~~t. o! pub~· 
lie p:.:;!i.~y. "Climatic d:gng1::.s Cfln m!U:<~ 
the diff2;~.m bct:WCY>..Jl th.a µrw';"".:rity of 
a oo-jzt-.r B.Dd iL1 miscry f.U'ld do .. "'1inn," 
eaid Ch3,,-);;a L. Hor-k~. Jr,, prtdrlr~.t~ of 
the A..mh-:-kan Jvfoto:::roiogiCP.l f;xjct:y 
and dron of Earth and !\Hnt:"'""tl Scicnr~'l 
at Pe;m:;ylvania State Un.iv:::rrJt.y, 
who<>e sentiments were typir-..rJ of thoo,a 
exproos~- "We must build fl;;-.xibility 
into our ro.:i'll and econoriilcstrntcgit~." 

W&'\ther modification toch.ncJ,ogy, for 
G ~mple, carries with it the rlsk tlat: 
rair:miline L, some areas will c:rea:~ 
drou,";!.1t-~ L"l others, a potential scmre of 
inten:'!.tk•v.s.l ten~cn if there W('5 wati 
one. o~ g"Jcl inu!TnatjonaJ sign\ficanre 
is tb0 fact that. nRture S;)CD:·s ti.> have 
de.alt tlm S,..,viet Union a highly v~riabln 
clim.s.tl3 that lately has bero.1in hlghly 



.. 

susceptible to drought and a shortened 
growing season. M~st Am~cans as· 
-,1me that the :-r~:::;JJs~·,,e P.:r:"'.;:Jl) w1:'?.<:>.t 

lures of the ear~:;.t a:-r3 mid· 1970!1 a..-e a 
vassing pMsC. J\~Qn:fooE tD the CX· 

perts, quite the oppo31.te is true. Ru.s· 
sian clirnatology, they say, is at least as 
sophisticated as ours and th.at nation's 
leade..-s are well aware that its food sup
ply will probably be ind.efin.it.PJy proca."" 
ious, undoubtedly a cruci.<:d e!emeJt i..11 
their commitrn~"lt to det.e..l"J.te. 

.. ·· · In addition, then, to ron~ideratfons of 
· the wodd's burgooni.ng populstion, the 

United Stat.es may have an ongoing 
st.cite in further vh.es.t salre to the nun
sinr.s if what it w&~t.2 is stability a.n.d 
pe.ace. It w1J.s the CO!!.-::<;n.zu~ of \".ib1t.ss6l: · 
&t the hea.."ings u..,.~t the U.8. w0ultl be 
weli advised to be:..-t~> p!En for ::mch ron· 
tin!,"<mcies in ad.var~;. 

The 1972 Russwn v;hrat iw.rcl>..P.sc. for 
example, meant lros ~_in here at. home 
for livestock feed. aJ1-i eo le'.! t-:> an em· 
bargo on the expo.r:t of ooyb~nz, whidi 
in turn st.rained U.S. relstbrw wit;h 
.. l'apan. And b&.am;2 grain m:;enres fo;: 
relief and concessfo::;.,:.~· &Jr>:::J pm1.nsc:i 

·were at an all-ti.me b", miHf.:rns in sub· 
Saharan Africa, E~h..i..r;;!R. B.?.JJ.~!.aded!, 
Pakistan, India, Sri Lnr~a, lmd else-· 
where either v:~t hungry m: died of 

vation as a n.."':;U.lt of wid2c;pr.Y!d 
. _, feilures dur'..ng thz 19703 in those ·. 
countries. Improv<.<l cllin.~t'=l Reaeemnmt 

· &nd prediction. tlt7efo::e, 6.re etmenti.al 
not only for dealing wi.t.h e::n~genciw 
but also for mini.mi;·~~ tb~ domi...1.0 ef
fects. 

The prospect. of em!J: more ri'.!Dttth~ t.c 
· feOO. on dist.mt sJ:io.:izs b lteiv'wg its ef
focts at home, tro-brin,-;i.;:-.g lJ.Ud.6' c-ul
tivation in thie cm.mtr.r m::u:-a •n~?g:J.wl 
land with what pfd= Wl~P"i''•~"'"'0 for 
th9 ~at.er tab!g; ;~:.i:;.ooiDn~·;~,;t~th~ 
variaoles no one rw.ll.y lm-:>"m.. Tu-:a 

. . .• years before his eke.tu in n:~e. Ther..w.!l 
Jefferson expreooed hfa om::~?.m t!mt tlm 
conversion of mu:!t of h.i.e yc>3T-'8' 
oountrv from for<;.st to tide!~ >ill~.bt r,,;t:, 
oo entirely adwnt~gc;::im:i an.1' hDp....-1. 

· that studies leadinz tiJ e thB"'..:y- of cli~ 
mate would be ma::b. Today whez;. the 
face of the land hes changed so muc..'1 
that Jefferson might hard.l.y rc.-cogniza 
it-and though we he.ve boJUnd us the 
object les5Qn of the 1930s Du.Bt Bowl
there has been S\J.rprifilngly little pro
gress toward th&t gocl. 

Walter Orr Ro~..s., foc e1m..mple
who upon his ro:e.v.t 'rej,.-cmmt as di· 
J"e!"'"~,. of the Na.tio;;;.<i.\ C,entr.i· for Atrn09-
p Research in E'>Dl'.•.l&.::', Cdoratlo, 
de.....~oo to de\rote his ra:nainiag years to 
the popUlation-fOO!k:lli:rulte issue v.t the 

been poosible to seek out otha- fi~ 
ground::, to turn to ot1'~-:r spncics, c::: 
bot..'1. Mere compmhen'.ri\."3 monitmin!'t 
and anaJysis of the ocei:'Jl'3 tanrx-rature 
pattcmci and shifting cu.rr-.mts are vit....J 
for otha- reasons, too. Submariml Wm"

fare, d~se.a mining, and the ocean diSr 
posal of atomic and otl-s wastes are 

· some th.at come immediat~y to mir..d. 

··---.-;·---:-~:.~.·· .. · 

Aspen. fostjtut.e foi.· Humaniatic Studies 
-told the he.<trings t.h.a.t he bcl.it!Ve.<> that 
~ ptr)0:iz1xl drought !s 'iri the offin.3 for 
t.hc nation's brcdb.'.'.sla:t gtrc~clili1g east 
fro~i the Rocky Mouf!t.9_in?.. Robert.<> is 
among several ·scfr:nt.i.sts v.rho share this 
com'iction and who have suggested that 
sun spet perturbations may be im:olved. 
But ncithcr he nor they have any plaus
ible, detai.l.oo e.xplmiat.ion for the hunch 
and thi.3 is the rule wheneve1.' !TIOSt such 
pre<.Ections are made. 

Scientists, students of cli."Jl8te, and - -----' 

Anothex rontrove.rsial them:y main
tains that the world is. und..."'l'going a 
cooling trend that may presage the 
m'l3'ct: of a new nlliii"ir.e age ii.kl? that 
\".'h.icl1 d.ocjGl!!tt-d Jcel;;nd in the nin.e
!e'>--!lth centw:y. But otber scientists h~ 
ltevc tkt '!~Mt roily be in sw:ie ir..stc.;;.d. . 
is a warr..;.i1)g of the e.arth th.at would 
mfllt. th.e p-.::l.o.r ice C.'lf)S and C3:.!.o:? ;J'illS

shn; 0..1::.<:t.~! fl'-'00.S in 50 ye?l'S or so. 
Incrcd.ib!e in n. woi'ld amply Sl!pplic:i 

with O::i.UJY,J.tcrr\ to kQ'-2P tract: of stati1· 
tiC8J d:it-0, whern mathe.maUcsl s\m.ufa~ · 
tiGD.s ~.r.d te-.:hnok:gy are ki.nss? Not 
re<>lly. Su<:!> coal-.n'IB hiive lo:-!g hr-.d low 
prbrity anr.:l. in many parts of the glob~ 
th&-v10r..iet.en:i are so sc.'l.-:-ce thst not 

politicians like Hayes also have thciv 
ant.:mna.2' tuned tD variomi p~-. 
that strike or co:.tld st:rilm closer to the 
backyard'3 of everyday ciLir.ens. Inten-
sive field studiea of the 1,500 squara · 
milea e&ilt of St. Louia, for exrunpk, 
have revS'i!Jed that av&>d&f! SUlllffiW cll-
mat£g br.®.g 80 pen:ent mol."8 hail antl 50 
p--.-rcent more heavy rainstorms trum a.re 
visited 0111 surrounding a.rerlS, a ph;e. 
nomenon eb11ost ~y ·1'2lat.ed to UT-
baniz.ati::m. since it has bee:n obse.rv-ed 
near oth?r- ciuea as· well. And Md L.. 
Frank B~t>m written the 0::: books i."l ~ 
1970.s limt..:iad of tim 1900s, Dcrothy ~oo 
her dog Toto wuuld prohably h.;we 
st&"i:.:Y.i th~ir e.<lvrntur:~ in."Indfaru: 
rather trum Kar:sas ni.ncc t.'1.at is wht>:re: 
most of the nation's wrnadoos mm 

e·r.::u d.t!iJy ternf)"..r lltum rea.dh'lgS are 0CC11r. 

rorJti:he. Yet wi,thoat ronst:mt Pn::l r..or;· Similady, aJthough m> l'.)4ljor An~ 
oci'21iti;:;:mi l.il'?.ti:cnr01m~nts of S>.:iwll flu.c· c.an city has experieoc.00 11 shortage o5 
tu~.ti.OJ:i.5, rcliabl~) a~,e3!::m~t of what· p'Jt.ahle w~ter sioc-e New York had to rn· 
eve: lr~P".;r trends 81'(! in the X:..$.kllig be- tion it in the i950~. hydro!05-ists haVV.'! 

come: guee..'.l'!o!nr.h at best. nightrn,':U'e.~ about what might hap~ if 
Fur'J1~mnre, tJm CTIIX'biliti~ of te:hc a. ~-iJ.in drought imp:)!!~<l itsclf on tl""' 

nc-lo;;y v.re u.nzvcn and not elv:uys as far hGavily pupulated oorridoL' that h11s: 
a\cng <:.:! S'Jme I.R:!<.1ple mc.::.y sur-p.JM. The ccm~ into being t.he length of the cast· 
lack of toob fm· the remote 8€!":.i..ng of em seabo!BP.'d from Bo8ton ro Wasbing-
clim<::t.i-:: 'l?'i)P;<:l.\tions in the CY.RZ.tJG i.D iJJm;- oon. 
tr&tiv.z. &.~J.iil;'.:l m&>.'.lU.~"1151'.'.s pene- Such. eM?ntualitics, Pennsylv1mip, 
t<&t~ o:dy a fc'l1 ~11"°\:.e::s bcl~w th~ State UnAVGJ:r,ity's Hoder pcint.00 cmt. r.t. 
su<f~J'! oi th·.;; ?1ate:.·;·¥>~},,;,,.;h.ih: t[,13 ob· the h:38;."i.~. <'.all fO£ regfooo! storn£1l" 
&...;;-~-;o;~}:o;.;-,3 (.,,. .... i be mnde by in:Jtru.'11.Qtl(:a and tnu;~oort BJTRnrrc11rn:mts made in~"· 
;;rd !LCL: d~!S:yo/i from bv.r.iye 0!" O::'PHi;· advm1';('_ Yet,. ta hfa lG'lowfodge., all m
og;.c.p~111~ i,.-u~e. thi.3 is so C<JS>~Y tbs.t it ficiam h.awo, if they reme.i11WI' the New ~ . . 
hr"l..~ rcJ:?..~:1 b~~ at:;cmptoo o:u. a r;k•bol York situ.\!ltion at <ill, u·eataiit as a hlr.~ 
s~J.~. toricfil ru:ridmt unb'kcly ro ~u·. 

Th: pn-:~ of :m•.±1 ;;egJ.c.~ l~V?.y aJ1\:::ildy ·· Lli3t h~.W; ha.rdly lee st among polky 
hirv!: crn:::.-£ hir;t. Appazm:.Jy t.empP..Ia, c.oncemr:J i'.'! that the cl5maro i.:Jsuc aw~ 
tlli.-e a.A othe; ch.;;.nf,'<lS th.at re:.."ult from the energy foeue are ine.xtricahly inta-
ail'·s~. i."Jt~n'.i tak?..n~ plzro on the - twined. IJ.lr-.e those aerosol spray c.am: 
waf....">;/s surfaC21'J'lVe an enorm.tJv.s h<>.?.J· and the AnglD"French jct Conrordc; 
ine on the abundance of fish. and the nitrogenouri fertilizers derived fr01n 
plankton end other dcme;.1ts of too food petroleum may be woal:euing the bJan. 
chain on which fish imd cnJ.Stooeilli. pop- ket of ozone ( tri.-atomic oxygen) that. 
ulations depmtl. While the 195-0s de- shields the earth against too heavy a 
robe of the California sardine a..-id the bombard...-nuit of ultraviolet rays. Par 
more recent disappw .. rnnce of the ancho- less publicized, however, is aoothe:
vy off the 008.!Jt'. of Peru, for e.xzmple, trend whose implicaLlon::i, to hear the 
have !>e'2!Il pc-pt1lr.rly chalked up tc over- witneimen tcll it, are fully as grove as the 
fishing, many scientists beli::-1e that poesibility that the destruct.ion of Um 
sli.iitLJ.b cli:routic conditjo:;:is were drp!ct· ozone layer could unle11sh a vrorldwide 
ing throe~~ PIJ.yway. Had this OOe:n epidemic of skin cancer. 
reckoned with in advance, it might have (Continued on page 64) 
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(Continued from page 42)_ 
works to prejudice truly fruitfal ex· 
change between the two iru;titutions, 

. but it sees little wrong, it wculd ooem, 
with acade..-nies enw;:;ing in nga."lcy 
vuork. It calls for "t.ru:Jt and oonfideD.ca" 
between the CIA and the academic rom· 
munity, but not for a'l end to the rela· 
tionship itself. 

The rationale for fl oonti.n"-6'.g CIA· 
university associati0n ~:-'lrn stri'.Ilgo re

. re.T.bla.'l~e to L~e d~:~::-~e offr.::~.-J. at. 
· Nuremberg by those Gzn:oan. a~~::b;:nI.'8 

who served the SD, th.: el\tc N!:rci ktcl· 
liger.ce agency that bz-:-.filr.& :m m•t-OM· 
mous branch of thz SS undc~: tlt£ com· · 
mand of Reinhard. Heyc!.r.'ich. Ju a fasd· 
nating study published in 19'/5, George 
C. Browder of the Stc.t~ Unive~:sity of 
New York has examined the rwycliolcgy 
of SD members. The SD intclh:tu.als
an academic de.,uree we.s e.Jm.)st a n~ 
essity for an SD carw:--vicY•d. them
selves as sepa1CJ:.tc from th~ sectior..s 
that engaged in terrnr.ist police work 

·" .... 
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and illegal c!i::ty triclts. They saw them· 
selves as part of "un i~i.'lili! intelli
gence sernce," not of a body that took 
pr.._'"t in tu~t~.kr>.b~e· ::u~~.!ori:s. Ju~!.. u~ 
John F'. DC"1Fn codd trJ\ 3!'.-5rn:b\od his· 
to:iens tha~ he find::: .1Si'l1::)" oovut spy
ins within the United State: reprehensi· 
hie and claim to lw.ve known nothing of 
it, SD lrod~'"S "vainly sooeht to separ· 
at.c them~ves from the unpl~t ar.d 
distasteft:l. activitie-s of the C~t:'l!po and 
from much of what the tctru SD i.-n
plied." But, as Bro·,.;de:r writes, "try as 
they might, they were mcmlss of t.h~ 
total SJJ." 

While Na:ii leaders· sometimes forced 
rclnct.<>nt SD officials to ~ . in
volved. in t<.cts of m'ls!S mu:•"ct.er, spying, 
11..rd infmrnine, Cl.\ officials ~Y 
realize th2.t fo<1.clitn Amr~r.E<.:n acatlemic.'l. 
prefer sirnply to do th~ r(~ch tliat 
iJ:Gfcesbmd op<:!"cJ,(·;c.<1 .,.:;jg put to proc
Uc<:l use. Ba""2.u;:~ of this s.cp:a."'8.ti.M of 
fuuction, P..mcricm1 prnf~!J.'01"3 wmkir.g 
for th~ a15131,~· can Dwin!ain the fiction 
thi:.t. theil' effo::-t is sep;~rat~ from that of 
t.h~ tot.-1.l CIA. Dirt:r tric..1<.s nwy be 
viewed ~.3 unplc;::::.a.ntri~ quite apart. 
from thei.J.· own xholarly p1mn.Uts. 
Th~ CIA, of cvurse. i:. not the SD, but 

structu.ntl parallels i:c:df.t. Like th(;se 
German int,;;llect.uals, Ame;~:r;an profer.
~rs who Yationali.zr: tJw.ir involvement 
w;t11 the s1r-.mcy try to ecparate their 
l"Oles from its t.ot.d operation, thus d3s
daimi.'1g tlcir sruire of regpon5.lbilit;.y for 
such activitiro as the mr.~.Eive pi'Ogramr: 
1mdertak0n to overt!;mw the leg~l m:cl 
democratic sacird.iot goven:..ment of Sal· 
v~dor Alli:md~ i.• Chile. That 8!"...ad~ire 
sho<!l.d have se..lfod. th~ arr<mcv in Ulo 
1triB~.!i:en bdi.::f tlt.'lt tl;r,y v;~c ~gaging 
h1 di:~int<'.;.··e.:;:;.9:i l"G'E~.tcli fa eimply evi· 

· d?..1;.r.z of th.:: ill:..t.J1cr.s ~inr.~ni scho)p.rn 
h.;;;:oor Hh:i~;t t\1cr..~ ""fol offor i:.!'re!::<l elf'r 
pJ.GJ'4£.n~ 

A.~ AAU!." Fre.:::id.~t Van Aistyr.-e 
:;:;,1.3~:~ cl:x.;·, working for t},c C!A under· 
rr:.\..-:~; tho mtz;z;:i.l;y Emd inr}.:Of-ffi!.tk:lr..C of 
iP:::tit!;tfos.;.> cf hichsr !l!1m1i!lg. But d&
s;;it-; th:; aocmnu);::t.c'i evid·~'1ce of hew 
thi! ·agm•!'!Y rn!i.nir0ufat:e.t) information 
arid scl>olr.nihip, it is now ~riencing 
oome succes!l in re-entffing academia 
a.;d recruiting schohrs. Perhaps thin re
vools how little A.'ll<?Jica.n academics 
unde.rat.a.1.d the role they play and the 
UsP...s to Hhid1 their reser.rch jg put once 
they decide to do work for the agency. If 
the Ame.-ican u."liversity is to be re
stored as a S::t..l!:t'J.ary for lcarr:dng and 
s':'ho.W.rship, it si..7!ply cannot be u...ced 
elthS" frE· co•1ert opsr.Jtionn or fey con· 
tni~u~.\ w~d~ untl!:::;->?.1'1'.JJ on bcbJIJf of 
the Cent..""81 In~.Jligence Agen...ry. 1.t 

ws. 

Science Policy 

(Continued from page 51) 
Since the onset of the industrial revo• 

lution roughly a century ago, the burn
ing of fossil fuels has increas8d the 
amount of carbon wmride in the air by 
about 12 percent. Although the levela 
very somewhat-they fell, for instance,·. 
during the oconomic skJwdown of the · 
depre3llion-thera is evidence of a stead· 
ily accelerating upward drift. 'I'he fear, 
therefore, is that. a3 th2 increasOO. 
enggy deuiands of tho near-term future 
not only step up the ure of remaining 
peLi-o.leum reserves but also bring on · 
lioo CO<'l gasification and oil shale., plant 
life ,and the oceans will l'ear.h thcir limit.& 
in handling the excess. 

Agai.'1, climatologists cannot with 
any pracision wcigh what the effocts 
wouki be. But they a.re n>..c.sonably con· 
fiC.-i!llt that the global distribution of di· 
mnte patterns coo.ld be so dra!'Jtically 
rutsed in relativcly short order ae to 
phni~ man into an alien \~rld. Arid 
what m1l!y concc;ns them is the time 
st:a!e.. Ai::rording to even conservaUv~ 
esti:ma~~ the poiut of no retum might 
eJ!Sily be reachad early in tho twenty· 
fust century, whereas it is tho,icht. that 
at least two doc.a.de® would have to 
clapse before any alten1acivc. to fo~sil 
fuels oould be ru:yJ&."'.tcd to t:ake hold in 
any major way. 

All L11 all, the o!d saw seems no longer 
to appl.y, if it. m•m· did. Man not. on!}• 
talks a~ul: tbs weather but; inflncn~ 
it, whether by slash m1d burn agricul· 
ture in the third wodd, wh.idi SC!ld~ 
hu~ quantities of tlm:t and smol:o p11.r· 
ticlef.l into tho atmoophcr-e .. or by them~ 
~str.:J. cc:-~17.:ci.:i..-m of fossil fuclc.
From the sounds of it, furthcnnora, to 
count on t.echnology to come to. tht:1 roo
ct."e at the last mhl'l.lt~ mr.y l>e naivo in. 
the ex:treme. Now is the time to ~Jn til, 
resolve the unocrtain!":i.cs. But onl~· fi.l.r· 
tiler devclopmcn~ wm tell us whether' 
~concerns will ultimately strike a 
sufficiently resp:msivc chord eithct' 
among the public or in Congress. r:; 

For a lucid and moro comprehcnsiuo cJil;.. 
cussion. of these matters, see The Gen-
esis Strategy (Pl.enum hess, $14.95), 
written by Stephen H.: Schneider of the 
National Center for AtmosplU!ric Re
search, with L.E. Mesirow. Schneider 
was among the uitncsses tcetif ying in. 
favor of H.R. 10013 • 

: '. 
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" CENTER FOR POLICY RESEARCH, INC. 

SPECIAL DELIVERY 

Mr. Orin Kramer 

475 RIVERSIDE DRIVE 

NEW YORK. N. Y. 10027 

<212> 870-2180 

July 16, 1976 

National Task Force Director 
Jimmy Carter Presidential Campaign 
Post Off ice Box 1976 
Atlanta, Georgia 30301 

Dear Mr. Kramer: 

In reference to your letter of July 1st, and 

A~··vv~ .. 
<~,,(><; ~/?.-{rt, 

my_ response of July 8th, please find enclosed both-
a draft position paper or speech on science, tech
nology and society, and various background materials. 
You of course realize that we had but' a·~'few days 
and only one person at work--not ~ task force. 
Hence, the work is very sketchy. If additional 
work is desired, i would be happy to discuss it 
with you. 

AE:sb 
encs. 

Sincerely, 

c~ l~~ 1 h \~\-
Amitai Etzioni 
Director 
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SCIENCE, TECHNOLOGY AND SOCIETY 

PREAMBLE: 

A vigorous, thriving, well-nourished science and technology 

is not only vital to our nation's defense, economic growth, and 

culture; it is, more broadly, vital to our capacity to anticipate 

and respond creatively to the many opportunities and·challenges 

the future presents. A nation is no longer measured just by 

the size of its territory, by the tonnage of its ships, the steel 

it produces, or the coal it mines. we lookLnow.to its number of 
. ..... -.. ··';." 

.. scientists and engineers, .. the number of p~·tents registered, the 
, _ _r._ 

proportion of its resources dedicated to research and development, 

the number of its Nobel Laureates. It is no longer just the number 

or height bf the smokestacks, but the square yards of laboratories, 

which measure the stature of a nation. 

To the extent that ignorance is at the source of many of our 

national problems, science and technology will be indispensible 

in helpin9 to arrive at solutions, from finding a cure for cancer 

and other illnesses to new sources of energy, to further enhancing 

our production of food. 

A free society is free of dogma; it allows its citizens to 

be informed, form and express th~ir own views, and act' on them. 

Science embodies the freedom of inquiry, the incessant, unsparing 

search for truth. Hence, a free society is the onl~ one in 

which science can truly thrive, and the endorsement of the 
•' 

scientific approach enhances the foundations of a free society. 

The questing, self-bettering spirit of a free society and science's 

unceasing search for truth support each other. 

\ 
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To look upon science and technology with hope and expecta-

tion of their contribution to a better world, and to invest in 

them accordingly, is not to view them as modern magic which can 

in short order make our problems disappear, nor ignore potential 

negative side-effects. Without demanding immediate payoffs at 

every point, we must nurture basic scientific research both 

because it is an end in its own right, and because in the 

longer run seeds of knowledge planted now will ultimately yie,ld 

a rich spiritual and material harvest on which we and future 

generations will feast. Applied research and technological 

developments must be supported because basic research, by itself, 

cannot provide the tools and techniques we all require; 

To ensure that the fruits of new scientific and technological 

advances are carefully evaluated and applied to purposes com-

patible with the national needs and priorities, their potential 

impact must be assessed openly and with public involvement. Thus, 

just as the voice and advice of science and technology are to b~ 

heard in the nation's highest councils, freely and uni~cumbered, and 

scientific and technological advice is to be made more ·readily 

available to our states, cities, and citizens-~the people of 

America have a right to know where scientific and technological 

work is headed,· what its effects might be, and to what extent the 

people would_ rather delay or do without some of the applications of· 

science and technology, to reduce the risks to their ii~~~' those 

to their children, or to the environment in which we all must exist. 
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A TRI-SECTOR PARTNERSHIP 

A larger investment in basic as well as applied research 

and technological development will be most effectively and econ-

omically achieved not by making science and technology rely on 

government subsidies and grants, but via a combined three sector 

strategy encompassing the voluntary, private and public sectors •. · 
. . 

Thus, we rnust __ c_reate. a.more encourag-~ng climate for voluntary i ·:· 

gifts and contributions to universities, colleges, and foundations 

which sponsor higher education and research, greater incentives for 
-:·~ 

private sector investments, and-,....:.wi thin the limits of overall 

budgetary constraints and priorities--increased government a~loca-

tions. 

(1) Voluntary Gifts and Contributions: As a national tradi-

tion, Americans have voluntarily contributed more for higher educa

tion and research, through direct individual donations and by 

establishing foundations, than people of all other nations combined. 

Government should take care that its actions not displace or 

distort suc,h spontaneous initiative and involvement .in support 

of science on the part of citizens and corporations. Several 

recent changes in the tax laws and proposals for other such changes--

for instance, in the area of the sizes of gifts to members of one's 

. ; 

. family and inheritances that. are t"ax free--:inay, unwittingly, sharply: reduce' 

future philanthropic contributions. The new Presidential administra-

tion will set up a task force to scrutinize specific proposals 

for changes in tax laws to examine and take into account their 

effects on voluntary contributions to higher education and research., 

' I 
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to encourage rather than undermine this tradition. 

(2) Private Sector Support: Too much of our total Research 

and Development budget used to be government-supported, reaching 

nearly two-thirds in the mid-Sixties. By the mid-Seventies, the 

proportion of the government-support Research and Development 

was still above 50%. And, following the energy crisis, the call 

is for more federal support for Research and Development. 

Basically, it would be best if the government did not 

have to involve itself at all in these matters, and if research 

and development were to be fully carried by the voluntary and 

private sectors. However, past experience shows that often these 
exclusively · 

sectors cannot be/relied upon.* First, we should study what hinders 

these sectors from conducting the needed Research and Development. 

A task force should. examine to what extent excessive.government 

regulations and guidelines.curb business or .. univer~iti~s from ··takiri.$ 
. ' - .... ····•... . . . .. : . -- ···r -- .-:~:-:: '; .> . 

on the needed research work. According to testimony provided by 

Jordan o. Lewis, the Director of Experimental Technology Incen-

tives Program, "regulation appears to have severely inhibited any 

form of innovation in railroads, caused over-investment in service 

innovations and underinvestment in price-reducing innovations in 

airlines, inhibited certain forms of innovation while encouraging 

others in electric utilities, and discouraged the growth of CATV 

in order to "protect" TV broadcasters from competition." 

Second, we should examine whether the hindrances lie in 

an unpredictable economic environment caused by government actions 

such as changes in import/export policies and price subsidies (e.g., 

in the case of oil.) 

* See enclosed document from Business Week, February 16, 1976. 

. ; 
3·· 
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There can be no doubt, though that even after such hindranL 

ces are removed by striking hobbling regulations, providing a regulal 
0-'-.f-

tions ombudsman (to which those who are caught up in regulatory 

cross-fire, "Catch-22," and ambiguous meaning, can turn), and 

securing a more predictable environment (e.g., providing expedi-

tious advance ruling on regulatory matters; refraining from zig~zag 

policies on oil price regulation)-::--that the government will still· 

have to support scientific and technological Research and Development. 

However, the more the government moves from supporting the relatively 

inexpensive research toward the more expensive development of new 

technologies, the more it is vital to ensure that there is a genuine 

need or market for them. Too often in the past the federal govern-

ment has subsidized not only the Research and Development work 

but also the capitalization of the new product, which either no 

one wanted; 'e.g., the Nixon administration gave high priority to 

the development iri MorgantoWll, West Virginia of an.automated high~· 

capacity transit system using four- to six-passenger vehicles 

that would trav~i ·c,n.· specTaI .. guideways~-a project in -·trouble 

basically because it is not marketable. In other instances, 

federal capitalization has led to a whole industry becoming 

a sort of ward of the state, as with aerospace and nuclear 

energy. ,,,.......-····--

Wherever possible the government should rather rely on incen1 

tives to the voluntary and private sector to do the work the public, 

good requires, be it through federal guarantee for loans (rather 

than outright grants or loans) , accelerated write-offs for · 

capital Research and Development costs, and issuance of interim 
"' ••• >. ·- •• ~r-- -~~·-·· . ........ -·:•. 
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patents. The government may use its own procurements to provide 

the initial orders or to guarantee a minimum market for a new 

device, e.g., a more energy-economical bulb, when such support is 

necessary and justified. 

(3) Government Support: While "Uncle Sam" should not and 

cannot afford to behave like the proverbial rich uncle to whom 

all come whenever they have a need or shortfall to ask for an 
·' 

increased share of the.taxpayers' dollars, it must be recognized 

that science and technology are believed to have suffered over the 

recent years. According to a 1975 report of the natural science 

board of the National Science Foundation, the proportion of the GNP 

spent on Research and Development has declined over the last decade 

in the United States while growing substantially in the USSR, West 

Germany, and Japan. The number of scientists and engineers per 

10,000 population declined in the United States .after 1969 but con-

tinued to grow in both the United States' main adversary, the USSR, 

and main competitors, West Germany and Japan. The fraction of the GNP 

dedicat~d to· Research and Development in the united State~ declined ----

from 3% in 1964 to 2.3% in 1974; representing about $10 billion 

less allocated to Research and Development today than would have 

been had the proportion held steady. At the same time the number 

of science engineers in Research and Development fell from 558,000 

in 1964 to 528,000 in 1974. 

While studies suggest tha~ scientific producti~ity at the 

main centers has not fallen off, this may well yet prove to repre-

sent a false security due mainly to a long lead time before the 

true effects are felt. 



In particular, as financial shortages force universit,ies 

to limit and cut back the size of the faculties, more and more 

positions are be.j,ng reserved for older, already tenured scientists, 

and younger scientists find fewer opportunities open to them. 

The resulting career uncertainties cause some to leave science, 

and discourage .. eyer;'! more promising students from pursuing scien~ 

tif ic careers in the first place. National Science Foundation 

figures show that between 1968 and 1974 the proportion of young 

investigators decreased significantly in relation to the total 

number of faculty investigators--for example, by more than half 

in physics and about 40% in chemistry. ·A study by Professor 

Bruce L.R. Smith shows that "research opportunities for outstanding 

young scientists will be scarce until the normal pattern of retire

ments beginning around 1985 eases the situation." But young sci

entists will not wait that long. The vitality of science depends 

on the steady influx of young talent, and it is the young scientists 

who make many of the breakthroughs. To forestall the current. trend and 

ensure the continuity and renewal of the scientific profession is 

a matter which requires our urgent attention. 

Ra~her than paying univeiiitie~ to hire or ~etain young sci- ; .. 

entists, _thereby intervening in their internal policies, a more flex

ible alternative is possible: to make available a large number of 5 

to 10 year fellowships for senior scientists 5 or 10 years from retire

ment. By taking over the universities' remaining financial obligations 

to a portion of senior tenured faculty, the fellowships would free 

existing university resources to hire members of the upcoming sci

entific generation, or other promising scientists, as the univer-
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sities deem wise. The fellowships would enable the senior scien-

tists receiving them to engage full-time in research, teach outside 

the major science centers (as they no longer will be tied to them) 

or serve on a Science Peace Corps overseas or as science advisors 

to state and local governments--and participate in ~arious kinds 

of activities to expand the general public's understanding and 

appreciation of science. 

AN EARTH-NASA: AN AGENCY FOR DOMESTIC POLICY DEVELOPMENT 

All new government programs should be carefully "R&D'd" before 

being launched, and old ones should be reevaluated. Relevant 

existing federal government capacities should be pulled together 

for greater efficiency and effectiveness into a domestic policy 

development agency--a kind of earth-oriented NASA. 

We have learned from the social programs of the Sixties, the 

_ campaign against drug abuse, er i~e and cancer, and the 

recent drive to develop new energy resources, that in trying to 

use national resources to overcome our social problems, highly 

ambitious projects have often been attempted without a sufficient 

knowledge base or back-up. Multi-billion dollar programs, con-

ceived in Washington, were introduced based on verbal concepts and 

with little testing or prior research. We cannot afford in human 

or financial terms the expensive wrecks that result. We need 

fewer but better researched and developed government programs. 

It is fairly standard practice in the engineering of new space 

craft, weapons, airplanes, even toys, to move systematically 

from a theoretical concept to a pencil-and-paper design, to a small 

scale model, which is subject to various tests, leading to the 
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production of one or a few full-scale prototypes, all before mass 

production is authorized. Normally at each stage modifications 

are made on the basis of experience gained precisely because as 

a rule we1 cannot anticipate, reason ou~all reactions and develop

ments. New government programs need to go through as full and as 

careful a process of Research and Development as new technologies. 

The effectiveness of this approach is illustrated by studies in 

New Jersey which have shown, in actual field experiments, that the 

fear that people's motivation to work would be undermined if they 

were entitled to a secure minimum income a:i:::e basically unfounded; by 

experiments with housing allowances which have suggested .the advan

tages of letting people select their housing in the marketplace. 

rather than providing them with subsidized housing; and by still 

other experiments which have cast doubts on the value of performance 

contracting in teaching (in which the teachers are paid according 

to how much the pupils learn)--before this idea was widely applied. 

The scientific and technological research needs of our domes

tic programs are now being served by Research and Development efforts 

dispersed widely among scores of federal agencies and literally 

hundreds of subdivisions, bureaus, and offices within them, as well 

as outside the government under contract with universities, research 

corporations, and private industry. To some extent this arrange

ment is both inevitable and desirable. Most agencies have some 

specific research needs of their own that they themselves can prob

ably best serve. The existence of a multipli~ity of Research and 

Development centers in the voluntary and private sectors helps to 

insure that a given approach will not monopolize the funds and pre

maturely drive out others which may prove to be more productive in 
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the long run. However, the existing pattern is very long on 

pluralism but too :short on coordination, cooperation, and.often, 

quality. It amounts to a fragmented, often chaotic approach to 

Research and Development. 

w1thout subscribing to simplistic analogies between the 

space program and solving social problems, NASA does provide an 

administrative prototype since social programs are akin.';to the. 

space effort in requiring a management structure capable of linking 

in partnership the universities, industry and government~ And 

the concentration at one agency of scores of disparate programs 
I 

such as the. ExperimentaJ.: Technologies Incentives Programs, inow , .. 

in the Bureau of Standards1 Research Applied to National Needs ·, . 

now in the National Science Foundation, the National Institute· 

of Education, now on its own; research on. crime prevention in 

.. the Lciw_.~n.f_()rcement Assistance Administration; domestic Research '2 

conducted.in the Departments of Agriculture and-Defense and 

in the National Institute of Aging, and scores of other such 

programs, into one agency, would give applied social Research 

and Development the proper visibility and support (leaving 

the support of basic research to the National Science Foundation and 

National Institutes of Health.) The concentration would provide 

the critical mass necessary to create a distinguished community 

of researchers, often not•attracted to small programs which tend 

to lack in intellectual community and protection against undue 

bureaucratic and political intervention and will provide the cross-

disciplinary vantage points good policy research surely requires. 

Among the many reasons for favoring a domestic policy develop

ment agency which would bring together existing .fragmented activities 
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are the following three. First, in many domestic-oriented ~gencies 

research is an administrative stepchild. Because research is 

neither the primary missio~ nor the primary means of fulfilling 

the major missions of these agencies, only a small fraction of 

their budgets are devoted to it •. Only rarely are its special 

needs adequately understood either by the agency heads, whose 

backgrounds and training tend to be neither in research nor in 

technical development, or by the civil servants who stand between 

the technological division and the agency heads. 

Second, the fact that many of the numerous agencies engaged 

in the domestic areas now have Research and Development facilities 

of their own, leads to waste and duplication. While some of these 

facilities are area-specific, others--such as computer centers 

and testing grounds~-are not. Establishment of a federal Research 

and Development agency specializing in domestic missions would seem 

more economical than support of Research and Development in each 

of the numerous agencies.and subagencies with a domestic mission. 

Finally, many domestic program efforts and their research nee<;lJ.s. 

are interdisciplinary and interdependent. New transportation 

systems, for example, are often designed without sufficient regard 

for housing problems, housing projects are designed without recog

nition of the problems of crime control, and so on. To the extent 

that various specialized efforts are placed under one administra-

tive roof, the likelihood will be increased that both the negative 

and the positive "side effects" of new approaches and their place 

in domestic programs will be more fully taken into account. 

. -· ,,- ·-· ... , .. -· .,, - ··-- .. '··-~ . '" _, .- ..... ' ~ ..... --,_' _,.. ·-- ... 

.,, 
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TO INTEGRATE SCIENCE AND TECHNOLOGY IN THE CONTEXT OF OUR VALUES: 

(a) Have the voice and counsel of science on the highest 

1 ,policy.level--in the White House. There are few matters of public I 

policy in which scientists cannot help shed light and ·which their 

expertise does not touch, whether it be a matter cif energy, popula

tion, land use, space, defense or whatever. Hence, under the new 

administration science and technology will again be represented 

in the White House in the form of a science advisor to the Presi

dent, backed up by four deputies, a staff, and a policy council. 

Their endeavors should encompass both bringing order, coherence, 

and coordination to our.science and technology policy, arid estab

lishing and advancing the contributions science and technology can 

make to other policies and programs. That is to say, they' should 

be:both a voice speaking on behalf of science and technology, and 

contributing to other national policies. Here there is a special 

place for the social and policy sciences to develop their contri

bution because of their special concern and evolving expertise in 

system-linkages which bridge science, technology and society .. 

(b) We need to ensure that the development and especially 

the application of science and technology is in harmony with our. 

social priorities and basic values. Public Law 94-282 (94th 

Congress H.R. 10230, May 11, 1976) goes a long way toward providing 

for mechanisms to establish Research and Development priorities for 

federal investments and coordinating government policies in this 

area, but the Ford Administration has not impl1~mented many of 

these, nor has the White House used the discretionary power the 

law provides it. The voice of science and technology in the White 

House was silenced for a good part of the Nixon-Ford administration 

years. 
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A 1975 American Association for the Advancement of Science 

White Paper criticized the federal government's current approach to 

Research and Development investments as more tactical than strategic, 

and characterized the reliance on a tactical crisis-type of sci~ 

entif ic and technical response as "wasteful and disruptive of human 

and material resources. 11 As one of its conclusions the White 

Paper notes: "Our view of [the] ,£uture persuades us that the 
.. 

country's goals and objectives are linked closely to science ·and 

technology, and that the arrangements for policy analysis, planning, 

resource allocation and management should reflect that linkage. ri 

After reviewing carefully, as part of the reorganization. 

of government, the procedures outlined in Public Law 94-282, a new 

drive will be launched to put these mechanisms to work, to ensure 

that the priorities of support for Research and Development are 

compatible with the nation's priorities and to make order out of 

the chaos of scores 

_p~y-~lopment program 
. : .. -~ .. ·' . 

. -~ -·. ;;~::;:/\ . 

of agencies.,. . ~ach J~µlling the Research and 

in its directi'~'.~~--;_( -~~ -D~ •. Edward we~k, Jr. , 
i 

of:.' the University of Washington, asked,. does it make sense for 

u~ to.spend $30 billion annually for Research and Development, but 

less than .5 percent for study of delivery systems, despite repeated 

reports 'that programs often fail not because of inadeq~ate-scientific 

~nd engineering input, but due to weaknesses in system design and 

implementation? .Is it proper for us, as Senator Edward M. Kennedy 

asked, to spend $~.8 billion on Research and Development in nuclear 

power, but only $331 million 6n coal research and only $67 million 

on solar energy research? Should we spend less on research on 

* For details, text of the law is enclosed_ 
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far-away planets? Have we neglected agricultural research? 

Are the social sciences able to provide us more clues as to 

how to deal with crime, poverty, alcoholism? What are the 

lessons of our efforts of the past several years to fight cancer 

more directly by focusing on applied and clinical research as op

posed to the preceding basic research emphasis? And, what are the 

lessons of our recent efforts to focus research on energy needs? 

These questions have not received their due attention and require 

urgent answers'.as we seek to align our Research and Development 
. . 

priorities with our national ones. 

(c} To help evaluate the impact of n:ew ·scientific· a:nd tech-

nology developments, ·a Presidential Commission will be set up, 

composed of scientists, engineers, social scientists and humanists, 

.tq review these matters in ~~lie hearings .fas ... a d;istinguished 

committee of scientists and scholars, members of the American 

Association for the Advancement of Science Committee on Scientific 

Freedom and Responsibility, pointed out: "Those for whom the ad-

vancement of knowledge is a supreme value might believe that, in 

basic research as distinct from applied science and technology, 

no subject should be declared off limits. Yet there are clear in-

hibitions on some kind of research involving human beings, indeed 

animals. Today we are increasingly conscious of the need for in-

formed consent in studies of human physio·logy and behavior that may 

involve risk to the experimental subject." The report goes on to 

explore the problems in conducting experiments involving children, 

other experiments which ~ight be "morally degrading or psychologically 



15 

damaging," or even ending life. Some significant progress was made 

in this direction by the appointment of a Commission for the Protec

tion of Human Subjects and its work. However, the Presidential 

Commission suggested would have a much wider scope. Its province will 

not be limited to those directly subject to experiments, e.g., in

mates used for drug research, but to the potential impact of scientific 

breakthroughs and technological developments (such as experiments 

with changing the structure of DNA and exploring the behavioral 

meaning of XYY chromosomal pa·tterns) ·. on all of us. At stake is 

not just the lives.-, safety, and psychic well-being of a few hundred 

persons studied (not to be taken lightly) but those of all members 

of society which might perish if genetically modified bacteria·' · · 

for which there is no known antibiotic run ·wild, a nuclear chain 

reaction is unleashed, or the protective atmosphere is stripped away. 

The purpose of the suggested Commission is not to restrain the 

freedom of scientific inquiry--its free spirit is essential for 

a free and vital society--but to alert policy makers, citizens, 

and the scientific community itself to the broader social and moral 

implications an.a consequences of the applications contemplated for 

new scientific discoveries and technological innovations, so that 

proper use can be assured and abuse avoided. (For details see the 

Mondale bill, enclosed.) 

(d) Public openness: Science and technology need to be pro

tected from crippling political interference, but need not and 

should not be cloistered. Scientific freedom need not violate 

other basic ethical values or the common good. Ethical values 

and the community well-being in some instances call for intro-
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ducing safeguards on the conduct of research as well as on its ap-

plications. Nor can all technological developments be welcomed, in 

the name of science; their impact on the environment and on our soci-

ety and personal lives must be carefully assessed and evaluated. 

For sciE;mce:to flourish in a free society it must enjoy pub

lic appreciation and understanding of its missions and means. Open 

discussion and open decision-making regarding ethical issues in-
. . 

valved in certain forms of scientific experimentation and applica-

tion can further these aims •. Except where genuine issues of 

national security or individual privacy are at stake, secrecy is 

as out of place in the conduct of science as it is in the conduct 

of democratic government. Thus, as the distinguished professor 

Paul Ramsey of Princeton University pointed out in his book, The 

Ethics of Fetal Research, guidelines concerning experiments to be 

conducted on fetuses were developed in closed sessions rather than 

open ones and following public hearings. Professor Amitai Etzioni 

of Columbia University made the same point concerning the uses of 

amniocentesis. Similarly, Congress passed a welcome amendment to the 

National Science Foundation FY 1976 authorization bill, H.R. 4723, 

requiring ~h~t all instructional material use~ in connection with 

any National Science Foundation funded program be available within 

the school district for inspection by parents of children engaged 

in such programs. .-• 

.Among the initiatives in public invoiveinent tihe new 

administration would seek to promote and extend is the National 

Science Foundation's program of Science for Citizens; in particular, 
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its efforts to enable non-profit citizens' public interest groups 

to acquire technical expertise to assist them in dealing with 

scientific and technological aspects of public policy issues. 

The next administration will seek to apply the "sunshine" policy, 
i 

of openness to such significant decision-making regarding science 

policy while protecting the privacy of individual scientists in-

valved, for instance, in peer review proceedingso 

Along with opening up the processes involved in initiation 

and conduct of research, greater efforts must be made to ensure 

that findings and development~ made at great expense reach those 

who may be able to use them. Scientific findings or technological 

developments achieved in government labs or supported with gov-

errunent funds in particular should be accessible to the business 

community unless such access violates national security, property 

or individual privacy rightso State and local governments should 

be helped to develop their own off ices of science and technology 

so they will be more able to absorb such findings and developments 

and adapt them to their own needs. 

THE INTERNATIONAL COMMUNITY 

Our scientific and technological resources are among our 

best means of helping other nations in ways ~hey may welcome as con

structivk and non-interfer~ng. Hence we should focus on deve.1,.op,tnqi 

means of employing our great scientific and technological capacities 

for greater international welfare. The United States cannot and 

should not seek to be either the world's policeman or its provider. 
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While we should extend a helping hand to other nations, to aid 

the victims of earthquakes, floods and other natural disasters, en

courage our young men and women to do volunteer work abroad, and make 

contributions to other nations' development efforts--we realize 

we cannot carry the world's burden on our shoulders and should not 

make them dependent on us. 

One of our greatest opportunities to contribute to the world 

lies in the realm of science and technologyo Our breakthroughs 

in the development of new medical knowledge (e.g., the polio vac

cine}, instruments (e.g., computers, photocopying), communica-

tion (e.g., satellites}, and scores of bthers, have already bene- .· 

fited citizens of all nations. /It is of the essence of scientific 

riches that unlike economic resources they can be given, shared 

and used everywhere, and yet not be depleted or lacking in our own 

home. Thus, if we should find a cure for cancer, a cheap and ef

ficient way to milk the sun,1 or to desalt the ocean's water, these 

would serve all mankind and we should not be lacking. 

Special care should be taken that when we carry out scientific 

and technological studies in other nations, ·their scientists and 

engineers and other~personnel are as fully irtvolved as is practical, 

to help them develop their own capacities and to counter any charges 

of exploitation. 

The bill for several of our scientific and technological pro

grams runs into hundreds of millions, even billions. Collabora

tion with other nations, be it on space work or·combatting disease, 

will both tie us closer together in a peaceful pursuit ~nd reduce 
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our costs. Science is by its very nature an open, international 

enterprise and should be pursued in this manner. 

Finally, in a small number of areas scientists themselves have 

w~dely urged that certain lines of research be delayed until their 

safety can be assessed, and adequately insured, be it study of 

modification of DNA, experiments with "test-tube babies," ex-<'' 

ploring the significance of XYY chromosomes for criminal behavior, 

or of subliminal adyertising. Clearly such "moratoria" will be 

effective only if we can gain the cooperation of the international 

scientific community. We should thus do all we can to promote that' 

community's development, through sponsorship of international ex

change of scientific and technological information, sponsorship 

of international conferences and meetings, and participation in 

international scientific agreements to promote--or if deemed 

necessary to postpone--particular lines of research. 
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