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.y o .t December1,1974 -

R

.My Dear Mr Pxesldent - g _ T

lhave the honor of transmxttmg to you, and through you'to the
Congress, the Sixth Annual Report of the National Science Board. *

The geport is submittéd in accordance” with Section 4(g) of the

_In this report, Science and the Challenges-Ahead, the Board.examines

some of the major problems facing the Nation and the world: popula- -

‘tion" growth, health care, food supply, energy 'demand, mlneral

- resources, climate changes, and environmental alteration. The report. -

. _Nahonal Science Foundation Act as amended by Public Law 90-407.

identifies aspects of these problems which could be alleviated by -

_science and technology and assesses the adequacy of present scien- -,

, tific knowledge for providing .such help. .
,The primary contributions whick. science. and technology can
make in meeting these.challenges are better understanding of the

. problems and - the -development ‘of .alternate  strategies and -
_-technologies for attacking themsPresent knowledge is 1nadequate for

these purposés. Major advances in virtually all the sciences are re-

quired to expand and deepen the understanding of these problems
~ and. their mtercdnnectlons before strategies and technologles of .-

~assuredeffectiveness can be developed.

Toward. thesg ends, the Board recommends that ‘the Natlons‘-: ‘

research efforts be expanded substantially in the years ahead. A part
'of the increased effarts should be.directed to basic and applied

‘cusséd in this report, Another part needs to be_ reserved for ” un-

. targeted” basic research ‘which is not tied -specifically to present .
i problems, but is aimed instead at advancing: general scientific "

“knowledge. ‘This research ‘may contribute’ to alleviating present

for meeting problems of the future.’

In calling for greater research expendltures-—-by both the Federal -

. Governmerit ard the private sector—the Board is mindful of the pres:
-.ent state of the econom and of measures taken and contemplated

“for strengthening.it: Many of the problems discussed in this Teport; . .
" .in fact, -have nnpalred ‘the economy and are likely to- contlnue to: .. ©

‘ aggravate it unfT"{he prol)lems are allev:ated or solved
% Lo : :

research on problems now confronting the Nation, such as those dlS—»-_. '

o problems, but its principal benefit lies in prov1d1ng knowledge needed- :

€

y
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The d1ff1Cult declslons \hat must be made in these circumstances

B ’mvolve perplexing chmce‘s concerning priorities and the allocation'of
- ogrlimited national resources. What should the Nation's priorities be,
~and haw should our resources be divided among them? What propor-."
- tion' of the Nation’s resources should be devoted to: research?#nd of .- -
" these resources, whatis the proper mix of attention to problems of t
" day. . versus those of tomorrow, and to the 1mmed1ate causes. of o&r
. pr blems versus the nlore fundamental ones?

_ YThesé decisjons will influence and shape the future of our Na-
- tiot ;

¢

» Théy can be made only by the President and the Congress."

‘_ 'This report was prepared by the National Sci¢nce Board in the .
“"hope that it-would-serve as a resource to the Executive Branch and

the . Congress’ for enhancing the contribution: of science . and. .

. technology in 1mprovmg the quahty of hfe in thlS country and in th.e"

' world L L T T
S o “ ' ,- L ’ "'-"‘ ,' - PR
- - R . A : . - " 3 . . C .
: : o “Respectfdlly Pyours, .
. - N
.'.4 ; _... :
~ 5
- 'The Honorable o .+ .77 H.E. Carter.
The Presxdent of the Umted States R
i ¥ . N 4
. ’ @— ’ L 3
! . s ©
- - v :
. ™
" o
R ’ _ -
: o o~ - L N _'! L
. : e { ’ R T
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g Man s success. in meetmg challenges of the pastis due largely to .

hls inSight and the alnlrty to share it with present and future -~ .

““generations. Will man’s knowledge of himself and of the physxcaland S e
: _ socral env:ronment be- adequate to the- tests 'that lie ahead? U

Some of the challenges are as old as the human speci€s 1tself One L
of these is. the challenge of.the unknown, which is- reflected in. man’s’
7 unremitting. cutiosity” about: himself  and - the world. Another .is
- _represented by threats from nature;in the form of disease, famine, -
- . -and'the elements. And a third class consists of social problems, ranging .
from international conflict to societal strife and interpersonaldiscord.
- These three classes. of challénges, which overlap and" rnfluence each; -
other, have changed in detail over trme ‘but still remaifi. :

‘ - Ay fourth type of challenge has emerged recently and is growmg e
rapxdly ‘This is the challenge posed by man’s increasing power to .- -
" create his future. He has acquired the knowledge and meahs to alter -
‘the ‘course ofnatural.events and to shape the conditions of human life.. |
- Man’s own actions, more than nature, now determine the size of the = .7 *
human populat:on, its distribution around the globe,’and the. ftate of -7
iits'health, His patterns of consumption produce a growing demand for *-
_food'and fiber, for energy and materials—a demand thatcan nelther be )
" reduced  nor met ~ without alter1ng the ~economic, - ‘social,” and .~ .o
. technological. character of life in the-future. Man is developxng the
: capabxlrty to control weather aid modify climate intentionally, while -
;- his agricultural and industrial activities produce inadvertént changes. .
~To a growing extent and in a'variéty of ways, man has the power to " -
‘-cause'basxc transformatlons of the atmosphere, the oceans, and the
b:osphere»sbme of which may be. 1rreversnble alteratnons that =~
endanger the habrtabxlrty of the: plane\t '

. “Thus, man’ 1ncreas:ngly invents his own destmy~mtent|onally or’
unwrttlngly The constructrye use of such power requrres all our w1ll e
nd wrsdom SR , : L

S Thelast category ofchallengesnsthe focm; of thns report Pnnc:pal ;
attention is directed here because of the growing practicalsignificance * -
_of this'challengeiand thé correspondrng need for urgentand sustained
-‘-.;.;:'attentlon 'Several facets of this broad challengé'now loom-as major
* % problems:. populatlon, world food 'supply, energy, materials, climate, .
-~ wand the’ env:ronment The nearly simultaneous emergence of these
o _problems suggests the close connections that exist among them. The .
o fact that the problems are global in scopeindlcates their pervasxve and ‘

. |

: : ’ X o ’ . ‘,/ B . . . - : . N .
Ay . - 7568-953 0 =75 .2 . Ea ; A o .
p B : : - 54 . .o . S
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funi,daméﬁ,ffa‘l' characteB as .WE_;’:l.lfa-ét' the difficulty in éonfr_i)znt.ing"fhé.#‘
effectively. In. whatever form the challenge is met—actively :or
~ passively, internatiofally or nationally, knowledgeably or ignorantly,

r

" .man’s future:" : . ok
nans. tut . . =

[ Althoiigh e}npﬂ‘asisis 'ple.xcéd' on the challerige of man’s increasing -;
. - .power, no implication is intended that the other ‘thallenges can be = -

'_ "".'.-,.igﬁor'ed; t/hey are, indeed, so infertwined with the' more recent ones
that all must be met. ) S S .

"% Thé first chaptér of the report reviews briefly the mbre'.fa‘rﬁilia'r; R

" challeriges and discusses general aspects of the newer ones.

/T‘he second chapter examines several problems encompassed in

.. _"I‘.' ":tbi’l

successfully or unsuccessfully—the choices' made will shape much of .

.

broader challenge of man’s increasing power. The nature and . :

.+ scope of each problem is discugsed, and the past and potential role of -

: §éie_hce' and technology in alleviating the problem is noted.,
, o /' . e . . K ) o . . - o
%, "¢/  -The third" chapter explores the .adequacy of -science

R

" two récently initiated U.S. programs—one in the area of carnicer and

/%7 capabilities-of science and technology.

= The fourth 'chaptgr\'p(eséw conclugions drawn -from  these
2.7 7+ “assessments - and relatés them fo recent trends’in the level and * -
S direction of:the Nation’s researc}i\e'ffort’..\/é . A
Y The final chapter recommends actions ard .policjes aimed  at
strengthening the scientificandtechnological response to presentand..:
future 'Cha“EEnges". ‘ : o '
” ‘ '
).- . ) ,"‘ . 4 ’ . a
‘-'~<. ' : i ’ ‘ ‘ :
‘“."'. co : Lo Yy LT, o .
( ' ’ l'.‘ . ) :
p. \_ . * N : S,
- o . r . .,‘. PUEEE e i L . ',
e ] e
) 2 ) . -
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/.- the. other in energy—are taken as illustrative tests of the present
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.

; L . . . ‘ .",.‘/,\ . ‘\
. . ‘ ThlS chapter dlscusses brlefly the natare ofthe general challeng,es
- - cited earller———challenges of the unknown, of nature, of society, andpf
man’s growing power to-shape the future—and- re\/1ews the past-and .

. possrble future role of science in h—elpmg to. respond to them.
. Pl o <

Challenge of the Unknown SR Bt

~ suggests ‘that such behavxor const:tutes a blologxcal 1mperat1ve
' ,CrUCIal to sm'vxval S S , PR

'
.r.

All: culturés past and present attempt to explain the 0r1gm

E elatlonshlp, and fate of man‘andnatire. ,Each culture fashions its own
response,. and. the results have been’: as diverse as the ‘Cultures
fhemselves, ranging from astrology to zg)voastrlamsm The response,

m whatever form it may occur, shapesathe asplfatrons values and -

- lnte]lectual life: of the culture o I

i/‘.' . - -

Scrence has become apredominant response of modern cultures a

s CHALLENGES AND TH'E RESPONSE.

The urge to know the unknown to explore the unexplored andto
»explam the unexplained is among the most universal of traits. Indeed, " .. -
" curiosity and exploratory behavior are exhibited not ‘only by Homo -
" sapiens but by other speciey of. animals_as well Their prevalence :

i reSponse ‘which differs from earlier ones in many ways. Science in .

. some_ respects is, limited in its goats;-it does not, For example, “seek

answers to questlons such as ultimate purpose. It concentrates instead
on observmg and ‘measuring the tang;ble,-often through the use of -

" instruments which extend the senses into,domains that are otherwise
N 1naccé551b]e Science is cumulative in-an evolutlonary way; it builds
‘ upon its past but modifies itself by mcorporatmg new insights super:or
" in explanatory power to existing.ones.-It:is also self-testing and’self-

_forrecting; errors may’ btcur, ‘but - theysare found and “ectified

- eventually. These basic and unique: chiaracteristics of science make it -

" the most successful response sgfar fashloned by rr@(\ for pursumg and
‘.'unravelmg the unknoWn = . S

’
-
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" “Ciiriosity is not the sole motivation for. stientific research: The

‘,-*pvractic'al need for and the utility of scientific knowledge are often -

.- “‘priine reasons for seeking such uriderstanding. This is illustrated by "

© .. taise questions requirjng" further ‘research. In fact, the reciprocal .~ ,'

T

RO research is often the potential applications tha

R N

v

"’ than they niow dppear.) T

.

.*institution or.a |

. astronomy, one of the oldest of the sgiences, which wasg studied in .

earlier flays for the purpose of improving navigation as- well“as for

insights into the tomposition and organizatjon of the universe. This

‘dual motivation of curiosity and utility is found in all scientific fields.

" Thus, in-addition to qati_sfying man'’s curiosity, science has proven to,

' ,}Jtilitarian.”bonus,'f".whic_h ‘can be gained when scientific knowledge is
applied to practical ends, is so sizeable in generfg that a motive for basic’

may flow fromit: This .

- -have great impact on everyday life—froni changing the physical
. conditions of existence-to the length of life itself. This potential

R

flow,- however, extends in' the other direction-as well—dpplications - ,

.~ “In spite of the advances madé in scientific knowledge—#nd inpart .
- because of the unanswered gquestions such-advances reveal—sciencé -

still faces “many ghallenges: Some of the more.specific of these ‘dre

“ noted elsewheré in the report: Biit perhaps the most general and ¢

fundamental challdnge now facing scienteis that of achievin; better- -
understanding ‘of | ig(hly cdmplexf".p'_h_ent)meha'_nt'ha.t-in‘volve ‘a large ~
" number of interdcting components, ‘.., systems of “organized: "
7 complexity:” The behavior of the global atmosphere, the organization -

~and functioning fthe human brain, andethe dynamics ‘of a .social

_ elegen social system aré exatnples of such phenorﬁena S
. which are little understood at present: (New. insights frem further.

. relationship between knowledge -and’ utility, between insight and -~ .
. application, focpses and invigorates each..- |, - .. = - '

1

R

G

. research, howevér, may reveal that such phenomena are less complex =" -

it A T
e . A3

, 4Hi’:storicall'y, science has‘éldv‘_a';.\cvgzd p)rimarilyft'hrouy”'gh the study of °

v

less complex aspects of nature, by isolating individual componerits and ™ -

. seeking, to understand their wharacteristics through observation,
analysis, and experiment. The understanding of such relatively simple- " |

,pheriomena providas_the basis for-almost all modern‘technology. .. -’

“integrative approach, combining the methods and.insights from many

. individual scientific “disciplines” and, perhaps, even radically r\\ew

- concepts. and ‘'methodologies that ‘transcend ‘individual. disciplines..

. “'Large-scale . modeling and simulation are neéded. to synthesize the

" "is_signifigantly  improved,~§cience. ‘will ‘fall short. of meeting 't

diverse knowledge regarding these coniplex ‘areas, to upcover the.
U Urﬂlderlying‘;y

namics of the problems, ahc,l:topr()jett.thé’f;uture course

»

- 'Problems of organiZed complexity, on the otherhand, requirea broad,. .~

of their development. An .indispensable tool in these effqr'»ts'is-;_th_gf R

_.enormous data-handling _éa'p,e_xcity of cqmp;’utgrsg?_,

" Unti] the level df‘ undErstana_{ng, Of such ‘C.(VJTI{P,‘liC;téd bhéndrﬁena . _—

o
4
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ChallengesfromNature R ,

“since the turn of the century. Many infectioys diseasesthave yielded fo
immunizatjons,to antibiotics, and to'public sanitatign. Typhoid fever,

.other diseases such: as osteomyelitis and mastoiditis’ seldom occur in -
"this ‘country today.: As recently as 1950 more than 25,00‘0'».635& of -~

. later ‘the incidence had fa,ll'én'__toffr‘learly zero.. - . .

diphtheria, tuberculosis, and scarlet fever.are largely contrelled, while

ey IR PR .

" There remain, however, numerous diseases and.disabilities which -

. "take their toll..Among these are major killers such as cancer and heart -
* diseases; serious disabilities such as’arthritis, asthma, and diabetes;
- and many less prevalent or less serious mentaland physical afflictions.

" Retent history ‘records. a’succession of advances; against threats™ .

- from the natural environment-—disease, famine, the elements—yet,-" - .~
~many thkeats remain. Major. battles against disease have been won' * " "'

& .

- ‘poliomyelitis vereréportedannually in the United States, Fuf 15years”

Present scientific knowledge provides, at be$t, means for’managing” -

them. The inherently high cost of such management—the expense for

.. the patient- and the heavy claims on the often restricted resources of
the health system—prevents even thislimited health care from being

~available to all who rieed it. A.prerequisite. fot prevention and cure i$

" however, increased_onlyfmarginally during the period. with. the - .

_remain in spite of past progress: as infant and adolescent mortalitywas .
. reduced, -adult diseases. took a greater proportionate toll. i
g B R SR O ]

better understanding of - the fundamental biological® processes-

- these afflictions and: diseases, rather than for preventing or'curing -

involved.-Such knowledge is the'basis—the only basis—for‘advancing .

" beyond mere mlinagemen.tﬂt'ovpreventic')n;and cure, . v o

’ - ° N -

-~ The reduction _of,’:"prvematuref’_deéth,s'from diéeasef has been
largely responsible for the lengthened life expectancy in'the United -
States—up from just under 50 years dt the beginning of thiscentury to -

almost 70 years by midcentyfry. The lifé expectancy of persons.over 50, -

greatest gains occurring tor women. This illustrates-why challenges

4 . + R Y

" Significant advances have been  made against’ famine and

malnutrition, based:in large “part’ on increasing knowledge of -
agricultural and animal science, plant genetics, fertilizer, insect.’

‘control, arid food processing,. Bugtotal success has not been achievedin .

.

spite- pf sustained advances »\in‘agricu,l‘gural production. These gains .
have been offset by the rapid growth inhuman population (an increase -

abetted by the success in suppressing human diseases), by-adverse

“climate and weather conditions in certain parts of the world such as

“distribution and.. optimal - consumption of:: foods. Furthermore,

advances in food production have been achieved at considerable cost: .
the extensive use of fertilizérs and pesticides has damaged the :-

o .

' S [E ‘ . ' . . o P

' the'sub-Sahara region, and by sgveral factors which inhibit equitable S




i,ﬁér{‘vii‘b’nrﬁ_enf} A'nd”v..glhé'ra_blfe_ rﬁohc")‘cv"ult"ur,é"s"ha\ke‘b:een sub:s_t:itui‘ted for . .-
.- the natural diversity of plant life. "This Aillustr,afés'.'hqweprogrgss in o
-7, dealipg: ‘With" one. problem can: generate. side effects’ which may.

themselves became problems.to be understood and alleviated. : -

n e oY

o 2 *Malnutsition ds still'very much a part, of the world scene, in this
~— "country.and elsewhére. And because its existence in many, casesisdue’ _
" _to,cultural and social factors rather than to food shortages, per se; . .-

" malnutrition represents a problem for the social sciences as mu Rl
~for the. biological and physical sciences. . RS .

o .

orh the normal threats of the elements. But the effect

\‘) f - Considerable progress has been made in providi-#
s~ .. -and tornado€s, major floods, long-térm droughts; and earthquaics are
" still largely uncontrolled. In the past few years remarkable progress
' "has.beéen achieved in predicting . the location and" oecurrence of -
- - earthquakes, leading to the possible development in the near futureof
_an earthquake warning system. In addition to prediction; much now-
_‘can be dong to’ reduce_the eco’nomic.anthmah loss ‘of eatthquakes;.
- advances in antiseismic design of housing, as well asimprovementof -
" .regional zoning practices based on developing knowledge of the
" earthguake process, are now feasible. Even the eventual control of -
- earthquakes is' not beéyond’ possibility, as suggested by recent.
experiments in which earthquakes were'initiated and stopped by first™

. injecting and then withdrawing water from deep wells.

. ‘The vulnerability to severe storms hasincreased, as a result ofthe .+
" greater dgnsity of populatidn.and valuable capital facilities: Theearly = -
Wérni‘n%f such storms by weather satellites-and other observational - -
techniques; however, hasgreatly reduced the loss of life and damage to
property that would haye occurred. The ability to manipulate weather
conditions purposefully and safely is perhaps just beyond present
. capabilities, whereas the ability to affect weather and climatic =
. conditions, unintentionally and even unknowingly, grows daily.
"y °.: ‘This cursory review of some of the challenges from the natural -
environment does not do justice either to past successes or to

...~ . remaining'ptoblems. It does, however; illustrate some general points.

.~ Challenges are endless; success with one problem often'leads to the .,
discovery or creation of others::Challenges are interrelated; progress = . B
in dealing with one problem may be enhanced or nullified by progress ...
or failure in other related problems. And challénges are dynamic; "

'+ apparentsuccess inan earlier time period may become apparent failure
“’4s inalater one. This dges not medn that progress is'an illusion. It means:
e “that new challenges emanaté from .change and from progress
itself~from changes in the natural énvironment, from advances in

“»7 " *knowledge, from changes in social values, and from expanded human;: -
' N N » B - N W v
aspirations.. o Lot R .
B I N - . .
‘ -6
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: Challenges of Socrety o ._‘ S S :

'

The challenges in thns category are almost lxmltless 1nternatnonal :

interpersonal and iritergroup conflicts. Individual and social problems

that engender problems, i

B
1 a

innovate deliberately, trying. and testing'new ideas in all realms’ from
busingss ‘to religion, but its material. affluence has not brought.an

aspiration—~but- does not  always provide the .commensuraté

'opportumty—for the soc1al mobnlnty and progress of each 1ndtvxdual ‘

N
These are not the. 1ngred1ents for astatic and self’satrshed soc1ety

seeknng and, therefore sometimes frustrated, Strains on social
institutions' and.individuals are likely to persist, ‘and possibly even

worsen, as the result of several disparate conditions and trends such .
_ as: declining birth rate and consequent aging of the population; high

rates of inflation; limited access to medical care; a high level of crime
agaxnst people and property; and differences between the races and

sexes in employment opportunmes and 1mome R

<

Specific sbcial problems may persist for long periods in spite Sf.

_efforts to resolve them. A study of social trends by a presidential
-, commission expressed concern about the level of crime; the extent of -
- poverty; the ”sprawl of great cities”; the role of women outside the

home; and the “consumer and his perplexities.” This study was

published in 1933, Its contemporary tenor illustrates the tenacnty of

many social’ problems

R .
)

_» Prablems are drffxrult to define. The extent and seventy of such
“problems “are often unknown, the causes obscure and
indirect, and boundaries of the problems diffuseand shifting.
Efforts to define problems precxsely enough to attack them

3

" social values L e

d

may omit possnble remedial alternates or neglect important .=

‘\\

.oné society to

Virtually all present societies exhnbnt conflrct and turmonl ‘There-
- ar€ several p0ss1ble reasons for this in the case of the United States.”
- Amencan society is heterogeneous in: ‘race, in national origin, anyrl

" _socioeconomic’ level.. It"is a irapidly changing society-—culturaliy,
* physically, and technologically. It is sufficiently affluent toexplore and

“strife, discrimination, crime and delinquency, and. the spectrum of -

_,: appear to be intrinsic to sociallife itself. While the nagure and extent of
~such problems change over time, and differ frdm
another; the benefits of social life are always accompamed by stresses

-

- equal measure of psycholggical well-being. It allows fora diversity: ot
“subcultures . and variegated life styles. ‘And ‘it encourages the:

‘They. produce’instead an experimenting society that is dynamic and T

The obstatles to deallng effectlvely wnth such problems areT: '
seve ral: . B
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e Problems are xmbeddri ina comple'x system. Problems are closely
- mterrelated .making_ it difficult to.treat one effectively:
withaut treating the whole or without adversely affentmg
‘connected problems.: These interdependencies strain the
“capacity of social institutions, whose.vitality and scope may
be ‘less than thE force and breadth OE the problems
. themselves ’ : : . v

- ® Problmm may )we heth!zned by onr deve Iopments R,apld changes of
~.almost any kind may produce at least temporary disruptions-
-in a system which is so ‘tightly 1nterc0nnected ‘Increasing

" population and .urbanization are but two factors whlch s
1ntensnfy already ex‘lstmg strams 2 :

[y

Potenhal

e Posstble n'golutmn:, mav!hn aten value'> and veste
approaches to alleviating social problem * with’
- deeply. held beliefs, especially i: .« the

redlstrlbutlon of pohtual economu, ar

e Inadzquah"knmuhdgg'impzdu action. 'The heCeSSary knowledge -
~for predicting .the, individual -and social reactlons to puth'
pohmes or.actions does not yet exist. :

5

These are only a few. of the obstacles in. meetmg the soual

e challenges The ‘tasks which ‘these problems pose for sciénce are.

‘immense. Although they involve the whole of science, the tasks apply
particularly to the least developed of ‘the dlsc1phnes——-the behavioral -

“and social sciences. These disciplines rneed ‘to be. significantly.

strengthened, in both their basic and applied aspects, if the Nation is to

- respond more- sucaessfully to its social problems. Although knowledge
. aloneqoes not guarantee success, s lack almost certainly reduces the

chame and extent of. pro;,ress

' The prime deﬁuenaeq of the knowledg,e base-are: inadequate
vmformahon on the current state of society and: lack of detailed data

- about parhcular individual and social problems The ‘expansion of.
_effort in the socialindicators area, aswell asin large sﬁrvey research, is -
- essential for correcting these def1c1encnes. ‘A related requirement is’
,A-lmproved ‘methods for gathering data and ‘for, analyzing and -

synthesizing the Fmdm;,s in -forms relevant to:social ‘action. The -
significance of scientific information is that itcan provxde ev1denee for
needed social change as well as stiggest courses’ of action. Such
1nf0rmat10n, if definitive, ‘can .be used to counter inertia or "vested . :
interests,” which are Erequently the chief obstacles to social reform.
Finally, and most fundamental, is the need forg g,eneral comprehenswe

_theories of the individual and of the structure and dynamics of social -
" -systems. No such broad theories now exist that are based upon data
except in the field: of eumomlcs Such theories are necessary to:

o
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{a) predlct the u.msequences of proposed pohues, SR
(b)_provide guidange for collectnng,data relevant to pos&lble' o
. policies and problém areas, and "

- (c) provide confidence to the general pubhc and offtcnals of .
the necessity and wisdom of the action, iri order to generate. .
the” polrtxcal will’ for 1mplement1ng the propOsed pollc:es

s

Efforts to - develOp the necessary. - knowledge-—rn data and .
theory —may ‘encounter. some peculiar. difficulties. The knowledge -
gained may remain valid for only a relatively thort period of time,
because of the incessant change which-people and social institutions "

'undergo There is, in addition, the possibility that the objects of study. . . /..

may. be modified by the very act of studying them. These essentially

' _methodologtcal problems may be solved, but they do suggest thatuntil- -
- that timethe géneral propositions of’ the social s¢iences may lack the.
- xmmutablhty that 15 usually associated with law5 in the natural *

sciences. oo
. . .

The natural and social #® .. aitic another 1mportant way
Both observation and experxments are used as methods of researchiin

‘the natural sciences.whereas observation‘alone is the primary method -

of the social sciences. The limited tse of experlmental methods

' serlously impedes development of the. social scienges. ‘Although there .
~often are constraints against their use, increased efforts should be -

made to find acceptable forms. of experimentation in social areas, A’
start in this direction'is |llustrated by recent experiments in education
financing and.income maintenance, which were designed to test the

‘ feasxbnllty of approaches to these problems pr10r to lé&slatlve actlon T

Yoo i o F ]

Challengés of‘-Man’s Inc're!a"sing'.. Pot\')ver

“Over the Pflbt 100 yearsman’s ablhtyto modtfy éven 1rreVersxbty,.. .
_the worldwide habitat has grown enormously This is due: partly to

simple increase in-numbers—the populatlon explosion—but also to.

_growing technological capabilities. Challenges of thrs type are the ’
:"prlme concern of this report. ‘ S

Compared w1th the.other type% these Lhallenges are less famllmr

‘"f-and often lead either to exaggeratedfears or to complacency—a—to panic.
response or-to 1rresp0n51ble inertiaSuch responses frequently arise - -
“from the lack of knowledge. The sparse evidence available admits of -

many different . interpretations, . biased by " different political

« vpredilections or social values, and the distinction between fact.and
»va]ug become‘» more blurred the more 1nadequate the understandtng

Ina fuller sense, though, clear and adequate descrlpt-ton of»these ;
emerging' problems is.- exceedingly difficult. First, “simple’” trend

_ extenqmns do not toretell what is ;,onn@, to; happen. Indeed, the

. . 1 ry
568953 0 - 75 -2 ‘ L ok ‘
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*unexpected than thelast. - -~ N S

10 S

w

"v N L. _' - ..,'_.‘_

‘incompatibility; of, different trends assures: that they “cannot all
continue. Thus, simple _extension of current 'trends shows an

knowledge and, understanding are frequently unavailable.

- independent” problems. Because of. these interdependencies, it ‘is
| increasingly. difficult to find solutions-te one problem’that ‘do not.

K l aggravate another or ‘create a new problem. The requirement of
.| emission controls on automobiles whtch increase © consumption,
' the banning:of phosphate detergents in [ . Laustics which are -

" hazardous to children, and th’e\substitutiu ot pesticides. for DDT ’

which are ‘less damaging to birds ‘but ‘more harmful to humans
illustrate this difficulty. One of the most strikirig characteristics of the .- .

~'future probably lies in its increasing interdependencies. '

. There is a final difficulty. Most of the problems that can be

foreseen have so far shown only a smallfast of themselves. Popular:, -

attention and governmental concern tend to focus on these current

nianifestations of problems—even though they are often little more . "
* than precursive symptoms—with the result that actions intended as "~

remedial are often halfway measures. An illastrationgf this is the use

of catalysts in conjuriction with theinternal combustion engine, rather
~thin  the development of a.-new type of engine -that would be:

intrinsicallynonpolluting. Efforts that dealwith symptoms oftenleave

the underlying problems mistinderstood or neglected, and may even

A second difficulty is the growing interrelatedness of these -
problems. Population growth, food production, energy derhands, .-
mineral’ resources, environmental, pollution, for example, ‘ar€ not

impossible future*-not a likely one: The-real ‘difficulty in foreseeing
the future is'in perceiving whith trends wil] change, when, and how,
[ and what trends now so, insignificant in ynagnitude as to be barely
* | pesceptible.will grow into the major influéncing factors in the future. . B
I Tt is these latter factors that are the storm signals of th'e.!fum%e, and
that require extensive knowledge of the:multitude of related factors
“and a deep understanding. of . their "interactions. ‘The requisite _

be counterproduciive. It is- this;~the response to symptoms—that

gives. the impressiorr of moving: from crises to'crises, each more

T
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Several of the growmg problems presented by man;s mcreasmg
power will be discussed in this section. The purpose is not, however, to
suggest that these problems are well understood. The aim, instead; is~

‘to delineaté some’ of.-the ‘many inadequacies -of current’ scientific
A understandmg«dehc:encnes which preverit discerning mterpretatlon -
» . -of'the problems and v1able options For resolvmg them ,

J
Populatlon and Health
The p0pulat10n problem is broad in scope ranging from the -
explosive: growth in‘the number of people to mattersof nutrition and -
‘health.and to the question of the ultimate “carrying capacity” of the-
finite planet. The boundaries- of the problem are diffuse :and
transitory, changirg as new knowledge reveals new Rroblems new..
‘posslblhtles and unexpected ramnhcatnons '

_ No smgle factor is likely to have 50 pervaswe an effect on the ‘
~ character and quality of lifé as the total number of human beings. "It,
took all of history to the year 1850 to produce a world population of -

~one billion; it took only 100 years for the second billion, and 30 for the

third; it is taking only about 15 years for the feurth. and it will take less
than 10 years for the fifth billion. What these striking flgures indicate ..
is that the world cannot sustain such a growth for very long.”! Indeed,
the belief is growing that the world population has now reached: alevel
“““at which further- 1ncreases—~especnally rapid ‘increases" s}ych as at.
. present—wnll senOdsly impair the quality of hfe for all.

3

" Yet even if the birth rate, worldwxde were. to declifie next year to’

* the'replacemerit rate of only twochildren per couple, world populatxon
wouldilgvel off eventually at about 50 percent above what it.is now,
due to' the age dnstnbutlon of the present. populatlon lf zero’

ERE . : . ..

. RN Sepl Pnpuhtlun C-mwtht th“en},( to %ence in The Greatist Advienbure: _
> Basic’ I\emxnh That Hlm;m Qur Lives, Kone and Jordan (eds.), The Rockefeller Unnarslty St
I’ress 19745 ) ) . e '
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. ultimate - World- population :would be 2.5:t0:3.0 times larger thar

C

4T

- least able to expand their prodiiction. -

-stabilization;. appears . dev i ‘
. attain—and developed ‘nations are to maintain—a level of material -

L present.. Thus, efforts to stabilize population’size must yeckon with
'long lead times during which the population: would continueto grow. = -

" “have occurred. That decline, in turn, is attributable to'improvements

disappedarance of some. of 'the agents of disease and death.  The

" continding growth in population size underlies many probléms and
~-exacerbates almost-all others, it many developing countries and

increasingly in the indtstrialized world. It particularly frustrates the .

. goal of elevating living standards in the developing wdtld, a goal which
. ! f g

séems largely obviated by ‘projections .of a doubling of the present

- world population by the turn of the century. The greater portion of

this increase in population will come from the developing' nations,
where the rate of growth'is some 2.5 percent a year as compared with 1

‘percent in the 'i‘ndué,_tr'ia_liz_e_d countries. This will intensify eyen morg

" Reduction - in " the “growth of’ pqpulatio'h,.:',_' a‘md '-.pg_g}"iaAps. its.
i “imperative -if:‘developing nations " are - to

" ‘existence  which _provides adequate - education, health; and : social .
welfare for‘all people, A crucial élemerit in the control of populationis < . = -

' b"ftr'ansla'ti'cv)n of this™

~ dépend upon ecororic and social incentives for limiting family size.’

Incentivese prevailing”in' many’ countries, hbwever, favor ‘the large -

- population growth were achieved within the next 15 years, 'thev .

s

PRSI

»

il

“the urgent need for greater supplies of food for the very countries _ '-

“7-~ " Thecurrent growth rate in population is caused moreby adecline .
" in gross death rate than by an increase in birth rates, although both =~ "

" .in. public ,heal,@thv méth_ods' (water sanitation, nutritiondl programs, -
- vaccines, for example), as well as higher living standards and the -

" family. Although it is ¢vident—from the experiences'of this country == .
and otherstthat family: planning can be pﬁacFiCe_d effectively with . -~

.

_present contraceptive techniques, fertility con.tr.,o}‘ﬁ'giﬁgasures-which are

- simpler; more reliable, and cheaper are needed.”™"."

- A world _whith‘_so sanctifies human life as to limit the growth of its

" numbers will demand not only a better standard of living but also

improvement in the health .of its pedple. Indeéed, if 'fa'm'i‘lie's are not
assured that their offspring will be ‘born healthy and.remain so,

" prospects for limiting family size may be correspondingly diminished.

" For much of:the world, health is still conditioned by twp primitive

~ many peoplé suffer from inadequate:nutrition, especially insufficient '
- ‘protein. Malnutrition results:“primarily . from' inadequate - food~

- “production’ and deficient distribution due 'to the lack of purchasing -
= power of thte poorest fraction of the population. It sometimes results,” -
. however, from social customs leading to dietary habits that. are -

. . v T .
s A . . ot . o,
+

a2

Cle

.- factors: nutrition and protection ffot parasites..In’ the tropical belt: -

" the desire of in iv"ijc{:ilals to regulate. the size, of their families. The .- .
esire into actual. population control appears to
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nutrmonally lnad equate. Thus, whxle malnu‘trmon is most prevalent-
_in,poor countries, lt is by no means’ absent i in rlch nations,’even dmong.‘
*

the most affluent of the popu]atlon PR g

Although remote ‘from current’ expernenCe in our own country,

the problems of parasitic infestation remainlarge in many parts of the,

world Schxstosomxasxs clalms millions of lives annual]y and deblhtates
. many more; Mo effectwe means of control is yet in use” Malaria

-remains  a major héalth. problém - despite spectacular gains.. The " -
-primary method of controlling this disease at present involves the use - -

»- of pesticides, chiefly DDT. ‘Although use of DDT on the scale required.
= to combat malaria May not reprGSent a serious env1r0nmental hazarg, B
~'other means of cdntrol that are inexpensive and ecologically safe are’

negded These are only two: of the many- parasrte -induced d:seaqeq
foundl in much of the developine.wotld. , _ "

In-more ‘atic.ci nations the: problen‘\s of malnutrmon and
Eparasmc infection are diminishing, “along with numerous other
clasSlCal afflictions; éndocrine 'disorders, most bacterial infections,

© some lnsect borne diseases, and those viral dlseases now preventab]e_'_
by immunization. These ach:evements have come from advances'in .
- the blO]O%lCa] sciences over the last few. decades.’In the place of these_

~diseases, manis now confronted with two general categories of major-
affhctlons those loosely. classed as degeneratlve disorders, lncludmg
cancer, -and those of genehC origin.- Degenerative disorders now
dominate medical practice in much’of the déveloped world. They

~account for the bulk of the $80° ml”lOn of annual expenditure for”

"_health care in the United States,: much of which goes for ”halfway

iy 4

: medlcal technalogies™ capable of: managing th_e dxseases to some‘-v' ’

extent but now¥ of preventlng or curing theri.

The SGCOnd general catEgory of dlsease-—dlseases of genetlc

" origin—are now grow:ng in relative importance. Three decades ABO,.

V., only a dozeri or s geretic disorders had been identified; today the list-

“is nearer to a thoudand, including some 150 diseases in which the-
- specific nature“of: the genetic defect is known. The identification of

* scientific and medica] knowledge. Now that they have been identified,.

" means for treatlng them must be sought. This illustrates how

advanges in Scwnhfxc understandmg lead to nsmgnexpectatxons and- .

g asplratlons » R . 7 RERNRERE
At present non;,enetlc therapy is the most common. mode of ..
treating these diseases, an-approach which results in" the ‘further .
dlssemlnatlon of ‘the defective genes in the population at large:’
" Diabetes is"a <ase in point. Before the advent ‘of, insulin;; juveniles
"diabetics seldom lived long.enough to- réproduce, but since ‘insulin
therapy became available 50 years ago, many survive and reproduce;..

* theréby transmitting the defective genes and increasing the'incidence
o of dlabetes 1f sxml]ar approaches are usech‘or other geneth\dlsOrderb

. . ‘-‘0. ‘il‘_.\‘.'>

A

" these many genetic disorders ‘was made possible .by advances in

13



e. g snckle cell anemm and phenylketonurla) the result although
“intrinsically desirable with respect to profecting the individual life,
"/ ¢ould . become_ A\growuﬂg publlL health ’problem For the general
: opuhtton | e R N
o These many dwerse but related problemsof populatlon call Fora
' correspondlngly diverse set.of résponses from science and technalogy.
. Population. control-may be¢ enhanced by better: understanding of th-
personal social, and economic motivations for large famil;

" by more knowledge of the chemistry and hh) siole, . iy, i
“nd ite rranalation into new chemical approm hes to. birth mmml ln
. caateition, opportumﬁes exist’ for. rarsm[, the protem
content of foods in tropical and semitropical lands throug,h such-means .
as genetic engineering of: cereals, development ofsynthetnn pratein folr -
enrrchlnb the diet, and; greatér procluntlon of fish protein thro‘ugh the

T use bf aquaculture. In the case of degenerative and genetic disorders: |
f. . much more knowledge is needed of the Fundamentalqspectsofcellular
"+ and multicellular life, regardless of the partlcular disease .of concern:
Thlsxl']equlres basicadvancesi in the biological sciénces which depend, in;
. ; part, on continued stlmulatlon Erom related dwcrplmes most notably

Lhemt;'try and physics.

Pr wblems of héalth,’ llke problems of populatlon control are
ethical-social-economic- brologlcalproblems Efforts to cope with them
~must be guided by advancm;1 lﬂSlt.,l‘ttS aLross the full spectrum ot
dlmensm e .

‘. . \, ' o Ceneral Reference‘:
. . e :

l,'\)mll[\f)npuldllt/u The l'ak llmnl CESIWDY 10, (entre for l;mnomu and Soual ) .
o Informition, Unltul l\latlon» 1973, . - o

) . [\lqml ltv;'uluh.m a'(mnul/l L.mm/mmr» amd Polity lm;vlmztu "s, .l\mli(mnl'.’L\cndun}y of
us Stunus The Johns Hopl\ms Unncrslt\ l’rtbs 1071 ’ -
) LV N ‘l\ ] . . T - . ,"‘
Prmmary Productxvrty
3"'7 Only tw\o of the many important qspects of this problem have
been selected for discussion here: world- foud supply and demand and
_the mamtename of natural emsystems :

\ The term \prxmary produgttv:ty refers to the process'by. whlch

,. plants utilize sunlight for the.synthesis of organic materials. Itis this

© process that supports the life of all the biosphere. Primary productivity
by green plants supplles food, fuel, andfiber (cotton, lumber,and pulp)-
_.as well'as ecosystems.of great diversity. The vegetated surface of the
Earth, in addition, receives wastés, cools the atmosphere, and helps to

"1 maintain the soilina productivestate Plants supply the bulk of: human
_ food, prlmarlly in the férm olcereals which are ¢onsumed I directly, or
1nd1reLtlv throug,h animals that feed on grain. It hw been estlmated

C . - . 9‘,
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R afertlhzers~wh|ch has:been estimated to a(‘,count for at least afourth

) "Although the increase in land devot. i to K
‘the growth, science and technology have contributed in malor wazf:; S

_productive mew breeds. The mechanization of agnculture has ranSed
'productlvnty substantlally Irrigation has played a $igniffcant role’by "

;'fthat t\)‘vo-th‘i)r,dé,of' the cgl}xated cropland is planted w:th cereals and
.-«that more than 50 perce
‘,:.gram such as rice and wheat .

of our direct y intak« (_'bmes from ,

Food productlon has 1ncreased e

Selective breeding,® based on genetics,  has_.resulted in hng

making possible and profitable the cultivation of areas ot{;erwme.
unugable or marglnally -productive’ The extenswe use of ¢ cal

- 3f the total food” supply—can triple or quadruple the prodUcthA{y of

soils when' used in conjunction with other inputs and. appropriate - - -~

A practlces Flnally, the cheml,{,al control of diseases, insects, ahd weeds .
_has helped . greatly in. reachlng the - present hlgh level of food N
productlon :; ST

8 . o
. o

Desplte these gains, itis lncreasmgly dlff:cul-t tomeet the growing

' _,world demand for food. The present mismatch between food supply

and” demand has many signs: ‘the recent’ abrupt decrease ini. food-',"-l

" supphes ata time of increasing demand; massive purchases ofgra!n on '
‘the world market, such as the Soviet Union’s large purchase of whéat :

from, the United S{ta{te}\and China’s from Canada; depletion of grain-

reserves; rapidly riging food prices arourd the. Wworld; and, rhost

. dlstressmg, starvation among the peOples of sub Sahara Afrlca;and '
' _some areas of Asia. R SR T

-

The .causes of ‘the’ dlspanty between supply and demand arev:

“numerous. Bad weather in many parts: of the world in recent years

reduced the level of food production. Cutbacks in the acreage devoted = .
to wheat were made by the major grain exporting countries (Australia, "

-.-Canada, and the United States) in the late 1960’s arid early 1970’sinan.
- effort.to maintain price levels. Grmn reserves in North America, long

used. fo redress shortages occurnng elsewhere,” were allowed ' to .

"?-..dechne in order to meét the growing demand. The supply problemwas: -
‘worsened -also by the decline in the worlds fish -catch, the most .

~mysterious elemenyg of which was the temporary: disappearance of
‘anchovettd off the Peruvnan Loast—a source of 20 percent of the entire

“world: catch of fish.

~

O
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- Two factors both of a long term nature, fngure prominently 1 1n»

present. and future: relationships - between . supply and demand: -
- continuing population growth and the rising demand for more food of =

higher quahty,,prlmarlly animal proteln in EurOpe Japan -and the
USSR, . : . ,

Although food product:on has’ advanced rapldly, 's0 has_

population. The: growth in food production has beenroughly thesame -

N .
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in developed and pom LOuntrles for: many years but the more rapld‘ :
growth of population in the poor nations has absorbed virtually all
thejr' gdins in food production: Ay aresult, two- thlrds of mankind is. .
hungry and malnourished .much of the time. Continped population

“erowth, increasing costs. of energy: for agrmultural production; ©

shortage of fertilizehdand its three-fold ‘price increase, and rampanit

~ inflation, make the prospects bleak for thedeveloping world to acqmre -

.the food needed to stave off starvatlon in the years’ ahead
[ . . A

Natlons with }ugh and rlsmg per mpxm mc@ﬂﬁes—partlcularly in
Europe and japan—are turning away from-ficé and wheat staples and
increasing their consumption of animal | protein. The high demand.for -
meat in_affluent countries. reduces the grain- available for direct .

consumption in-the rest of the world. The substitution of meat for:" .~
+ cereals, moreover, is an inefficient pattern of comsumption: 4s arule, * -

seven pounds of gratn are néeded to produce-one pound of beef, four'

‘pounds-to produce,one pound ‘of pork, and thrée ou'nds ‘for one of . -
- poultry. “An ‘addititnal cost: of the bUbStltUthl’;lS an increasing-,’ - .

incidence of degeneratlve dnseases assoclated thh animal protein and -

Food producvtlon can be- expected t,? 1ncrease in response to .
’growuﬁ,, demand Land suitable for crops/burheld out of production,
‘can be turned to ag.,ruulture Over 55 million acres of such land was

~ 'made available in the United States between 1972-74 for the planting
. of wheat, corn; and other- grains. Less suitable land throughout the . -

world can:be converted: to ag,rlculture although the costs and often

- ;jhmxted availability of inputs (e.g., water; energy, and fertilizers) as .
‘well as environmental damage ultimately constrain such expansion.;"

But: perhaps- the. greatest potential for increased production-lies in. '
tropical agmulture These regions, which offer the possibility of
multiple annualicrops, Rave only a small fraction of their land under

- caltivation. Moreover, they include countriés which have the most

critical shortages of food and the least ability to purchaseit elsewhere.
‘Tropical: region's, howe)er, are beh;ved to have-a delicate ecological

. ‘balance, which may restrict food production to relatively low levels. -

Determination of possible ecolpgical constraints is an urgent matter:

. which’ should precede larg,e efforts mmed at expandmg productlon in

thQSe regions. ‘ ‘. _ R ,

bl

. :
Further gains in produchwty ¢an be achieved through the W1der

- applicatjon® of modern agruultural ‘technologies: mechanization,. .

irrigatiofl, .fertilization, and control of weeds and insects. Each of "
these, however, has unwanted side éffects or calls for expensive

* . energy inputs. Mecha(mzed agrieulture, for example, ‘requires.
. expenditures of energy that may be far greater than the energy.

embodied in the food produced. Irrigation may raise the water table to

" such -an extent that the growth of planits is eventually inhibited by
: wate(rlog or by salt depo:.nts that develop ;ust beneath the surface sml

Lo

\._ . . oo © m
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ThlS sntuatxon has. developed in West - Pakxstan where e t»ens:ve

v

- irrigation has been used. Chemlcalfertlllze’rs produce various hazands,.»
“such as the pollution-of drinking water and the eutrbphncatl " of

.zbodies. of fresh water. The chemical control of insects and weeds;

_thrOugh ‘the use of ‘DDT and . other‘chlormated hydrocarbons,
; -threatens 'many’ spec:es of ammal llft; . .

. a
.;“

“Such Costs and" 1mp‘1cts as these*may 1nh1b1t the spread of the

“green revolution”’—the apphcatlon of ‘hlgh yield seed stratns-and*‘4~'*

modern technologies. This prospect arises from the fact that the new . -

“strains have high yields largely because t}\eyrespond well tofertnhzer, T

1rr1gatnon water«, and pestnendes,

Scxentnhc research may. y1eld means for overcommg se"veral of

: these problems-and ¢ide effects. Research 1ngenetlcsmayleadtoplant,‘. ‘
strains that grow well in saline soils. Better understanding of nitrégen *
fnx.atnOn coyld | provide ‘the" basis ‘for enhancnng ‘natural’ fixation

"_processes and thereby lessen the dependence on chemical Eertlllzers i
~-Similarly,. new - approaches to controllm‘g pests—such as rapidly.

. .degradable pesticides or biological control,:as exemplified by the mass. . )

sterilizationof screwworm flies—can reduge significantly the need for

... the older forms of chemical control. Beyond this, research may provide
" 'means for enhancing agricultural produCtlwty in several ‘ways,

‘ranging from methods of accelerating the photosynthesis process to

i the gr?)wth of pl@nts in a liquid’ nutrkij\ gather thaQ in soil.

A

..

.

Whether the world food Situatio
‘ years ahead depends upon many Eactors such as: population growth

agricultural inputs, economic incentives for. food production, and.

\\
e

)

advances in science and technology: Since the future course of these
" factors cannot be foreseen it is.not knownif the world faces achronit

food supply problem or a state of temporary shortages which will ease

in the.coring years. Population growth at current rates, however, will

' continue to exert immense pressures on the food productnon capabnhty .

~of the. world ) =

In developlng his agrncultural system man has selected a few BRI

~plants with which he has ‘achieved: high peructnvnt){,,through

extensnve cultivation. This has led to a high degree of dependence on"

“monocultures” as the prime source of food. The long- termmstabnhty'
-of ‘intensive monoculture as- practqced in the United States and

‘elsewhere has become, evident in the 1ncreased susceptnbnlnty to insect. -

1mproves or_worsens in the

. global climmate, demand for ammal protein, availability .and cost of

pests and pathogens. Cotton culture had to be abandoned in several

areas of this continent because insects feeding on the plant developed

resistance to all pes’tmdes The vulnerability of certain hngh yield

“strains of plants used: in monoculture. was demonstrated in the
~summer of 1970 by the billion dollar loss of corn to blight, which-

v

occurred in large areas of the United States. Intensive monocultuges,

furthermore are vulnerable to 'small cllmatnc changes and heavxlyf

3

. . . . . . .
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"deper‘ujent' upon- f(‘)sﬁil.fu'e'l» for f,ebrtii_l‘iz'er', ,f‘a.r:m '.ma'chif‘\e‘ry,»uanﬂ'
irrigation: The decreasing availability and increasing cost of such fuelss -
“threaten the current level of high productivity. - - *. S N T

b ENIEN N

S ‘-'This“c-qrice'ntratiqn_ on iptensiv ‘\niohoqultuvré's.‘_:has::féd'uc'ed o

_significantly the diversity of the écology . It has brought mianiy species. -

" tdextinction and ;reduceéd the variety ‘of natural ecosystems. To -

* ¢counter this continuing trend toward monocultutes, diversified ‘gene .~
LY . 4. . B S e + .. . Do
pools” must be established.ard maintained. Critical to"future needs,

" particularly to needs which cinnot be readily predicted, is a great
_.variety of genetic stock among species of plants and animals. Yetithe

" .tendency has been.to ignore many of the food stigcks of primitive -
societies_and to destroy vast regions of ‘hatural gCSWStémS which .

~contain’ i desirable degree of -organic’ diversity.” The .accelerating ..~
““destryction of tropical ecosystems is an example of this trend. - o

P

"Natural, or ‘'seminatural “ecosystems .are. éssential' for an.

Jindustrialized “civilization “which cdnéumes *enormous -amounts. of

eniergy and materials. and ejects ‘the spent by-products, wastes, and,

pollutants 'into-the environment. Living -ecosystems are needed to . L
* assimilate these by-products and toregenetate the essential properties -

of -the, physical ‘\y,orld.- iy

" .. Théresearch needs in'this vastarea are ‘much too niimerous to

~"cite mose®han a small fraction of the major requirements. Better
“understanding is needed of the processes of primary, productivity and
‘the complex web of organicand inorganic ifiteractions evolved from it. '
“This inctudes greater knowledge of thefundamental physiological and

ecalogical processes by which plants’ function within their habitats..

{*Understandingis lacking of how ‘these gvents are;coupled into the "

- somatic hybridization; or other as yet tindfscbvered methods.

complex biochemistry of metabolism within the plant. Such insight is

. essential to better crop production and is niecessary for understanding

such fundamental ecological phenomena as- plant. adaptation,

t

ecosystems. . - . .

,d_ist_r.i‘bufic')n, -succession, -‘competition, and production within

o Further research is needed 'to}-;jhde.r'sta_nd‘-bettqr the nitrogen
fixation ‘process and the role played by bacteria and fungi. Improved

- knowledge in this area is required to find niatyral opérating nitrogen..
* fixation processes that would reduce the need for chemical fertilizers.

_"Advénces--in ‘genetics ‘are needed- to enhance” the .genetic * .- '

manipulation and breeding of improved plant and animal species; as : - -
“well as. to develop and maintain gene’ pools. Enhanced crop yield,

heighteried disease resistance, improved protein content, increased '

“utilization efficiency of soil nutrient and water supply are all possible
" through genetic selection. Such selection may be accomplished to a

degree. by ttaditional breeding, but greater success may tesult from

such- newly developed techniques as tissue culture transformation, = -

, N .1 ” ’ .. ‘l." ) \? l
g 260 v
.-;'&. — P .
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" of, energy It“is'mentioned hare simply tg '}’

b stience, 4nd ‘technology ifi'the energy arg
40 - energy” problem lor"% sic research and / l\o[ogy are’ ‘SQusged in
L <,m0re detall in the next c’hapter ). - .

. . placed mcreas‘amgvly on one form er‘rergy yoleum)uan thegupply
~ of this” energy shifted ‘from. domestic:

. d
~warning-had beén given of the likely. conse N

*+ andtoo distant on the time hofizon for fRy,
~+ ‘which are résponsible for. dealing with ",
- .energy problem lies in the future. It remaj /, “be seen whet‘her recent
- .o -events léad to a greater concern forthe Iy
SR confldence in’ t

, came severe in.the pastyear, only.inp A
2 th 'supply of mid-East ‘il While many’ ﬁ l N U“

I mistrare: related to the }S'nenomenal grow ﬂ
" pé Frolevm. consumption in the Umted SW ¥ ‘
: e_t of l;he developed world d o = ey

l)rol-"]em

‘onsequence. of exponential growth in / yid: Given angjcipated
. /growth:rates in ' world energy consumptjy /‘f“ three”or #0Ur ,ercent
’ _,annually, and given current estimates /g u[tlmate]y ;coverable
reserves, worldwide exhaustion of natur]; ‘\\‘s may beant

. - .estimates of ultimately recoverable resoy /

L
v

demand conhnues 1ts exponentlal grow{h

The Prlmary Productlon of the Bnosphere 3 /l W ,,9lum Kweﬂ at, the betondfi
+ Con ‘ess. of the American Institute of BlOl g l bc;enws rep"”@d n Human

5 lxttle need in these times to Ql (tgnhdn to the oblem‘

. A Wipate the nature of the..
L 'problem, how it “arose’ ‘and  the - lll(e abyture  prosPegys, the
.. interrelatedness’ of energy and other prob] 77\ "and the genery)coleof -
(13 e lmphcﬂt‘Q[]S Of the A

: , - The energy problem of 1973 74 has M, ‘\ ernergmg over the last : :"‘
Lt _few decades: consumiption of eng;gy TOSg. ‘tll)/ major fehance wagi

Nreignsoul®s  ample . ..

l\cgs oftl—“g Combmanon ER
.~ of trends. But-possibly the problem wa Loy é“m lex; too¥Vasty, scope; -« &

‘1\ 1clty of the ‘nShtutIORs,‘ L.
Ny bulk of the proader -

\Nun future, 97 tq a'falSej-; :
Natlon s capab:hty to’ Qdf W;th any cr151s after 1t

- ecades energy has been cheap¢ Qljb dant in the Umted_ L
has recently become more expey 4 \ ;,n \mismatch oz have:-
dcurred between. avallabl ‘supplies and “These, topditions -

(j hecause Qf réc Uctlons in 7

Acceleratmg strain on - fossil fuel v ? \,rces is. the me\/,table §

: clpated in ‘.
“this: century, and of. oil early in the ney; Q ptury: Even if present ..
are unduly Pess‘mlshc o
 this- w:ll,postpone the day of reckéning o} 7’ ‘\ few ecades So: long as. "



. The Natlon could obvrously survive: with" lower rates of oil - o
»‘.,consumpttion Why, then, have recentchangesm supply and price been o
“disruptive? A part of the answeris'that, once accustomed toa certain,

- level of ‘corrsumption, that level becomes a “need.” But a more | o

. important part of the answer is that the enérgy drstrlbutlon system

" . "and. the. transportation”and manufacturing-structure are all closely >, .

", connected and rather finely attuned to.each other and to current-
) patterns of .international trade.. Budden, major changes disrupt the
. system, and algng time period is required for adjustment. During this -
period, . the supply of energy may oscillate between shortages and .
_-surpluses arid. prices mdy rise and- fall, as efforts are made to alter.the -
o .f“,overall system so that energy supply : ‘and-demand can be brought into
“‘balance. Problems of this'sort will tendto recur in such’ systems unless *
ad)ustment times .can be shortened, or .capabrlltres to. anticipate are”” -
. improved, or redundancies’or. cushions are built’into the systems. ..
-+ Girlce many of the disruptionsare politicalin origin, and cannot be fully
SO antrcrpated redundancy - among alternative  energy sources and
+. . . greater storage capacrty would appear necessary as insurance. Fot . e
- * these several reasons, “energy” is likely to remain.a sérious matter for MR
by many years, only the aspects of c0ncern will change Lot

P

-

RO The energy problem 1llustrates the 1ncreasrng 1nterrelatedness of
_different, problems. The demand. for energy imposed by the world’s"
‘increasjng -need for_food *has already been noted:. The demand’ for- -
enngy to obtain, to’reclarm, and to.process mrneral'resources isalso
-part of -the total energy problem. The design of human’ settlement
‘patterns—the ‘design’ of cities “and  of tHe lwrng and working *
“environments—will have great effec‘t, for better or worse, on energy -

# . consumption. In turn, the availability and cost: of energy will have a -
profound effect on the futureevolution of patterns of production and
‘settlement. -And _of course, the. processes of abtaining " fuel, of .

_ transporting it,’ “6f generating electrrc power, of_energizing. the
transportatron system and ‘industrial plants——all constrtute a ma)or .
part of the growrng v:ronmental problem

. "'The dlfférent roles. that sc:ence plays in relatron to the short -run;
T 'f and long—run aspects of probléms are well illustrated by the energy
_ area. In the short run it must be. largely policy adjustments; rather
.« “‘than new technolog:cal developments or_basic econémic or soclal
" changes, that help: cope ‘with 'such-. problems ‘In. the longer run,” -
‘technology, -as well as’ economrc and socral changes ‘must; provrde '

B acceptable solutlons R , -

The role of basrc science drffers for the drfferent time perrods In -
the short run; science mustassistin the recognition and interpretation
‘of the problems, assessment of theavailable policy . options, and
* evaluation ‘of ‘the risks and likely results of the’ various chorces
“available; In-the fong run,’its role is to provide the basis for new’
- options. In'the shortrin, only the'established fund of knowledge~—the :
results of basrc research already completed—-can help In thelong run,
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. ‘.addltlonal basnc research -can expand the fund of knowledge and
" . overcome present 1nadequac1es of understandmg These: def:c:enc:es
- can prove costly in-the interim. Some costly examples at present are
@ the insuff1c1ency of reliable knowledge concerning the health effects ..
- " "of air pollutants, limited understandlng of the behavior.of materials
" -under irradiation (which - inhibits - nuclear energy. development),
~.limited research on reactor safety, limited knowledge with which'to
.t dévelop alternatives to the internal combustlon engine, and limited -
. geological knowledge concerning' the amounts and lOLatIORS of- fuel
and muferal reserves in (elatlvely unexplored areas S

Generhl References ’

e - fﬂThe Nahans Energy Fumre a report to the Pres:dent of the Umted States U S
- . Government Pnntmg Offlce Washlngton DC 1973, et .

Cin ._Umled States Energy Thmuqh the Year 2000, US. Department of Commerce, U S L A
VR ’.Government Prlntlng Ofﬂce Washmgton D. C 1972 . -
Mmerals : K '

The problems known collectxvely as the enargy problem have a’
developlng parallel in the minerals area. Trendsin the use and supply - "
Y of nonfuel Thinerals closely parallel .those’ existing at the time the
\ “energy - problem” became  generally recognized:- increasing U.S,:

dependence ‘on foreign Sources, of supply, rapidly grow:ng worldw:de o
. demand for: ava:lable supplxes, ,and rising prices. . S

T The U. S is.almost entxrely dependent on forexgn sources s for: such
- critical minerals as asbestos chrom:um dlamonds, ‘manganese, -
: ~'mercury, nickel, and tin while importing a large fraction of its needs :.
for others such as bauxite, copper, gypsum, potash, platinum, and zinc.
. .These and other minerals are a main source of metals 4nd nonmétals
~ 4. for. machinery, - chemlcals “fertilizers, construction ‘materials, -
©© communications systems, and various consumer goods. An adequate - .
R supply of mmerals is 1ndlspensable to an 1ndustr1allzed somety

: g The acceleratlng problem of nonfuel m1nerals arises from :
. incréasing worldwtde ‘demand. Even if the current rate of growth in " '
- world mineral co §umptxon leveled off, the anticipated demand for A
many minerals between now and theend of the century would require .7
as much total production as in all previous history. Total mineral
. "consumption. has reached such high levels that the supply problems -
.~ 7 arenotli ited just to the United States. Even if the United States were
. to reduce its. consumption—and. possibly its economic. growth,n
- consequence—foreign demand for minerals will continue to rise-In " .
‘any event, the United States in the future will either import less
. minerals or pay considerably more for them—and probably both. . =%

L3
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., -Geological exploration and research c'on'ti'n(.te.to,ider,iti‘fy_pqteniialr‘ '
- .new sources of scarce minerals: Recent deep-sea explorations suggest '
that the “manganese nodule” béds on the sea floor' may represent an - - .

- extensive supply of manganese, copper, nickel, andcobalt: In addition
.. .. to the sea’s long-recognized: supplies of phosphates for fertilizer, -
.~ deposits of iron, copper, zinc, nickel, and cobalt are-being.lpcated. . .-

e

,

c s

" improve the quality of the environment; recycling of metals usually--.
":* requires less energy than t} recovery of the same metals from their -
", “ natural. ores; and treating pollution leads, in many cases, to the.

" " recovery. of valuable materials as well as. to reduced environmental:, -
. . damage. ' L : Lo o )

- around the world for minerals exploration. .

&

“ " " The measures needed to avoid- severe dislocations arising from’
; =, ~.mineral shortages include substitution, conservation, and recycling.
' Such measures emphasize the inseparability of the. mineral, energy, -
" and environment problems. The recovery of metals and nonmetals.
“from ores and manufactured products requires energy;-recycling and
" substitution help to save both energy and natural resources,and may |

k]

" Recent scientific prospecting on la‘n.'d,".based on predictive geology - S

* and geophysics, has led to the discovery of several new mineral -
~deposits, such-as copperiin Arizona and lead in Missouri. In addition; -
- * ‘remote sensing—recently given a new dimension by the datareturnied -
from NASA’s ERTS-1 satellite—is pinpointing new_target areas .-

: S'evera'l':rﬁajolr’ad'va.'riées in the earth sciences over the last15 years

have led to a greatly improved knowledge of geological processes,

which- should contribute ‘to understanding how and where ore” " =
* deposits.form and thereby enhance the ability to predict the locationof .-+ -~
“concealed resources; Collectively, these new insights indicate that ™ - .~
“useful ores are found where geophysical and geochemical processes - =
" take-place over sufficient periods of time and . under: sufficiently

T

.. the prospects of a long-term supply of important mi\neral resources. -
PRI B R . ( L - . ) ; - . \’ . . B

"extreme physical conditions to permit adequate differentiation and

concentration of minerals to occur. Certain con_ti_nental,m’ar'gigi's are””

@

likely areas for such conditions to have existed. -

.7 Very little, however, is known yet about the internal processes = |
“invelved; much further research'is required to.clarify them. It appears. .

~‘that’ crustal plates, .when .approaching the ¢ontinents,” make - a:

- downward plunge and thrust up kildmeters-thick oceanic sediment.: _

" These sediments are metamorphosed and . transformed -into the - .
*“continental rock that lies above, With more.detailed explofation of. -~

" these margins and a better understanding of the chemicaland physical - -

- processes that. take place’ within them,. important ore-bodies can *

“probably be located. These continuing advances'in knowledge improve

L

' While ;tilﬂ'“ef?éé-adyeihfces :ére_.pférrii:sing,_dth'er_éffortis{. need to be

"~ expanded. Ssientific . research—particularly in’ fields -of , the earth” '
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- Weather and Cllmate

~'storms. Although Agnes was predicted séver
~ movement: closely. monitored and wide}y reps rted, the hurrjcane still
~caused somie 120 deaths and $3.5 billibn in property damage. On a =

T A* .

" sciences such as- geology, geochemlstry, \é’geophysxcs—-—should be L
accelerated in order to understand better how.ore deposits are formed. . -

and to improve technlques for finding them. Increased geological

. ‘exploration and advances in technology can help to-locate concealed’
. deposits-and make profitable the recovery of lower grade ores"New
- technologies can reduce the demand for minerals by developing -
" methods for recyclmg current resources’ and substitutif g for less
available materials. Such efforts in science and technoldgy, both in
“research and in the number of experts trained, have been deficientin

. -the past. The wndemng dimensions of the ’ m1nerals problem tallsfor. .-~
'1mmed1ate expa.nsxon of these efforts S : :

L

3 R General Referen‘ce ] ) _l L
_ Mmmg and Mmemls Palrfy Second Annual Report of’ the Secretary of the lnterlor'
under the Mining and Miner, Is Polncy Act of 1970, U.S. Government Prmnngv

E
- e

o

This sub;ect l:ke others dlscussed in'the report, has mote facets

b _‘thanscan be properly treated here. Two, however, merit particular
-attention: intentional. modxf:catnorf of . weather and -inadvertent

alteration of climate. The global importance of these facets; combined
with the increasing prospect of human intervention in each make

" both of them lmatters for concern.. s

The capabxl:ty of modifying various severe weather condxtxons by = .
“cloud seeding” "has been demonstrated. in several experiments.. -/
“Seeding, for.example, appears to reduce the high winds of hurricanes,
‘thereby lessening - their destructiveness.’Hurricane Agnes in 1972 ",
hat can be caused by such. - -

days in advanceand the

providesa vivid i]lustration of the dama

much- more tragic scale was the ‘tropical storm wh1ch devastated

. Bangladesh in, 1970, leaving at’ least 200,000 dead L /

Cloud seedmg technology, in add1t10n has proven effective m

"suppressxng hail storms (which cause considerable damage to farm
. crops) and appears promxsx g for reducing the damage from hghtnm,g
~-..And the dispersal of “cold” fog by seedxng has become a common T
- operatnonal techmque at’ several axrports B L A

A number- of recent experxments appear to conhrm that cloud

seeding, under favorable meteorological conditions, cah increase (or »- -
decrease) local rain or snowfallby a sxgmf:cantlamount The useof this -~

capability 'is increasingly. proposed as:a means to relieve’ drought

‘cOndxtlons and - to help. assure. an adequate supply of water for

31
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'agrifé‘hltﬁral; ina:(;sffridl, and /mlml uses. Cloud seeding tie‘c.hAn:ology' ‘

for these purposes, however, is still at an experimentalbstage’Beforeit

":.“¢an bé employed on a practical basis, much mote must be learned about
“the specific. conditions under which a particular seeding treatment
~produces the’ desired cloud' response. In addition, the impact of
‘successful seeding in one region on the precipitation in adjacent and
- distant regions must be better understood. Furthermore, the seeding
 technology needs to be improved in order to provide<for closer and .
" “more reliable tontrol over the extent of the modification. «

‘But the mosfpér;};lé);ir_{g ,‘problém‘s«invdlve'd in ﬁ\ﬁaifying the

+.-amount of rain-and snow,_may.not-be scientific or technological. They
.- center, instead, around the economic, political, and sacjal implications -
. of such weather modification. Unlike the mitigation ‘of storms and
:+ ' severe weather, almost any change in pregipitation is likely ‘to be
' -ddvantagéqus to some but harmful to others. Under these conditions,
“how-are the disadvantaged groups to be compensated? Modificationin =~

- one tegion:may affect the precipitation in adjoining or even distant:. -

regions. How':is it. to_be decided when-and 'where weather is to be " .
modified? These are only a few of:the. baffling issues that stand -

‘between the present limited c_apab.if_ifty for modifying weather and the
- .realization of a system for managing precipitation. . ol

. While public, dttentign has focused largely on -intentional
" “modification of weather, théreis growing concern over.the possibility -
" of the inadvertent.modification of climate. Specific examples of these . = -~
" concerns include the recent debate over the possible effects of theSST ..
‘. on theglobal atmosphere, impacts of the heéat output from large power:
- plants, and' the effects of the higher temperattres and particulate.
. emissions of cifies on downwind rainfall: ' '

e

. Human activity may be involved on an even broader scale in-
" ¢hanging the global climate. The growth and pattern of agricultural® - -
_and industrial development over the last century may have influenced -~
_“the mean temperature of the world. Warming temperatures prevailed - .
for about. 100 years, from the mid-19th ‘to the mid-20th centuries, -

" following the “little jce‘age” which lasted some 200 years. During the

last 20-30 years, world temp‘eréturé'h_as,Féllen,.irregulafly at first but

‘more sharply over the last decade. ",

“"The cause of the cooling trend is not krniown with certainty. But "
there is increasing concern that man himself may be implicated, not
~ only in the recent cooling trend:but alsc in the warming temperatures
" over the -last century. According to-this view,. activities of. the
“expanding humian. population—especially. those involved with the: -
“burriing_ of fossil;fuels--raised the carbon dioxide-cdntent of ‘the
. atmosphere, which acts' as a “gréenhouse” for retaining the heat i3
" tadiated from the earth’s surface. This, it is believed, may have .= '

produced the warming temperatures after the mid-19th century: But- .
simultaneously, according to this view, growing industrializationand -

Sy
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the spread of agnculture 1ntroduced mcqeasmg quantltles of dust- mto' g
~ the atmosphere which reduced’the amount of solar radiation reaching -
“the earth, By the middle of this century, the cooling effect of the dust
particles more.than compensated for the wdrmmg effectof the carbon
dxox1de and world temperature began to fall. _

“The colder temperatures have been accompamed by marked'
changes in the circulation patterns of the atmosphere, which are prime
_ deterniinefs of weather. Several consequences of these recent climatic
_.changes have been observed: midsutnmer- frosts and ‘record cold_'-
=" autumns in the midwest of the United States, shortening of the  crop;
"season in Great Britain, and the southward intrusion of sea-iceonthe .
* .shores of Iceland. Possnbly linked to these changes in temperature.and }
s - circulation is the occurrence’of an unusually large number of severe A
. .storms in many .parts of 'the world, and the: dévelopment of a
* . calamitous drought belt extendmg around the world, passing through
.~ the. sub-Sahara,: Middle’ East Indla 'Chmas Yangtze Valley,‘ancl,_-
'y. Central America.~ ; ,

The state of l(nowledge regardmg cllmate and its chFa_nges is lloo T

_ llmxted to predict reliably whether the present, unanticipated coohng\ik e

j trend will continue, or to forecast probable changes in precipitationif*

W ‘the trend persists. The practical consequences, of an extended cooling * -
o perxod———the effects on food production, erergy consumptlon and the
location of human settlements-~make it importanit {0 monitor climati¢” -

: chddges closely and widely, to détermme their cause, partxcglarly the’. :

role of human actwntles and to seek countermeasures

SRR The atmospherlc sciences have advanced consxderably in the last"_ ;
. 20years, inpart because of access to-sophlstxcated devites and facilities - .
developed for national. defense ‘and space purposes (e.g:,, high . .
_resolution and dopplér radar, high altitude aircraft, and. rocket and; .
“satellite ‘observatior platforms) One small. mdlcatxon of the progress *
" is 'the'current ab1l1ty to make 48-hour weather. forecasts that.ape:. -
© - comparable in quality to earlier 24-hour forecasts. While segmenté of
_ the total weather and cllmate system are yielding to understanding; - .-
" only in the most recent years has it beén: possible to begin studying the - * -
. system as awhole, Even now, only the broadest limits can be placed on
“the magmtu,de of natural and man-made: influences on-weather ard -
" climate. There. is probably less agreement now, for example on the -
- likely effects of carbon'dioxide than there was a decade ago, when the -
- complexity of the overall system was riot yet appreciated. There is also
lack of “agreement as to whether the. particulate content- of the °
. ‘atmosphere is primarily.the 'product of human activity in agr1culture .

s ‘and.indust~ or of natural cause: ~uch as: volcamc cj.uat R .‘

o

. Befo*' zuch questlons as. these can be- resolved ma}or advances S
.must be nizdé ift understanding the chemistry. and physics of the =
“atmosphet= and -oceans, and i~ measuring . and tracing partlculates N
through ths system Compre ensive models wh1ch mtegrate the'.

G e gL
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: 1 Tht Atmosphenc Scxencts and

“ _Env1ronment

" irreversible- entry of: pollitants. into the. environment, and the’

Asbgstos partlcle- 1llt_;tra:e this probéem They enter e
i bUIldlngS Asbestoss, .:.ng-ca

wo - : . . :_. : B IR

B 'many 1nteractlng components of the system must be developed and _
" tested. Advances: in- technology are ‘needed for measuring and . -
~.. Monitoring the system, as. well as for ameliorating the deleterious . -

éffects of man and nature. Finally, greater understanding of the

.+ economic, legal, and social implications a(:ssocxated thh changes in.
.-.f'weather and cllmate are needed : oo S

e ,_' cre : General References :

s Nfeds Natlonal Academy of SClenCeS 1971

Inadverlml Cllmale Mndxflmhan Reporl of‘lhe Sludy of Man’s lmpnct on Climate, MlT l’ress f =
1971 ) R , , l )

- and his activities on.the one hand and with resources, biota, and
environmeénts on the othe
- majntain its viability,, while satisfying human needs and asplratlons, is

Envxronmental problems arise from the interaction. between man - i

- Managing ‘the. environment so as.to .. -

‘an: lncreasmgly formxdable challenge SR

There isa greatvarlety of extant and potentlalproblems ofloeal or R : '

L temporary contamination of the environment. There are;in addltxon,.

two" general sets of problems. which’ are of cons:derable concern:

_ determination “of tolerdbleilevels of environmental contaminantsg- -
~‘Current knowledge is madequate l:oxd dealmg satlsfactorlly with elther ‘ "
‘set of problems . L T

Some materxals, eithe’rx synthetlc Qr naturally occurrmg, when

"dxspersed in"the environmerit -are, for. all. practical: purposes, -

irretrievable. Once‘in the env:ronment the materials' may- accumulate
~.to harmful leyels. One example of thisis the heavy mretals and fission
“ products’ produced. in nuclear  reactors and in nuclear explosions.

. Another example of irreversible entry is the CllSpEI'SlOn ‘of solid small
" -particles suich as fly ash, asbestcs, and-talc into the atmosphere.. If -
" these partlcles are resistant to destruction, they become a part of the
* .earthis surface: sqlids and- are rzintroduced continuously into the

atimpsphere. The extant and. poreritial effeczs qf such atmospheric

- mixing are notyet knowh. ‘Mcst of these particles are probazy < o7
removed from the atmosphere by séttling or i~ orecipitation, butliziz ~+
is known about the threzt posed to hﬁman hee_:nby{he partxcles a,._g :

- they reach the eartn’s surface:

~ -

_'atmosphere in aivasiét- of ways!in.mining the material, in bu:lmng
_insulation, in the incizzration:. of wast& in tne aemolltlon of old
“Workers!
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":betWeen exposure and the subseque

. 3 R ’

- A’second general set of problerns toncerns the determmatlon of

_ acceptable.levels of pollutants in our surroundings. Most.pollutants
‘.iare naturallydlspersed or removed, ?tnmately, from the environment..

'But they can reach local concentratigns which endanger health, either

‘effects are detected. Thisisespecially trulf when thex‘e is along time lag

impact, e.g.; 'in" the case of aromatic amines. and bladder cancer,:a

_ The ratlonal determlnatlon of acceptable concentratlon levels of '
_ pollutants is-a.vexing. problem——~forsoc1ety and'science, “Safe” limits -

“may be set which are more stringent than.necessary, thus imposing

o The current ‘stock of knowledge regardmgﬁ env1ronment 1is
" ‘more. descr1pt1ve than " explanatory - and prédictive. Base line . °

appearance of a deletemous

i exposed to asbestos and even others less d1rectly exposed such as thexr,». '
- families. These toxic propertxes have orily recently been recognized, "
-~ ‘even though asbestos asa natural rnmeral has been used for centurles

. because of accompanying unusualfconditions (such. as atmospheric -
:,1nversxons) or through long- -term, low-level exposure. Pollutants
-occurring - in- this latter, morg subtle, form may also’ produce

" undesirable alterations in the chemistry of the planet its climate, and = i+ -

its complex ecologies. Compounding the problem is the possibility that o

new pollutants may grow to a dangerouslevel before, their deleterious

/."

. ‘decade . 6r. more 1ntervenes between exposure_ and appearance of'-?”
g le51ons . : . . :

. excessive economic and social costs; on the.othér hand, if limits are'set .~ -
. too liberally, the resulting damage-seen only~1n retrospect-—to the :
- env1ronment and health may be great. -~ /- B <«

measurements are needed, to gauge changes in the state of the.

.environment, "and improved analysis..of: ecologlcal structure and
"process, is required to forecast the environmental consequences of

envn’onmental interz=zons as. well as tne oppor‘ -
control, or repair ecc: :.r:caldamage 'The second ar—-

:s to prevent,

.,.z:h'invpl Sthe .

response - of ecosy==mms—their *’ orzunisrns, --rzuctivityfand -

structure—to . ‘pertu—==jons that e: ~zed to- - al range ‘of

envrronmental chanz g :
~ New apr- sachus .2 cToroved s rch strotecizs are 'needed

espec:al'lv for :ettine .;1‘°o::31e llmlt: n’poliuze=t.1= vels associated

with long-term, low-—

the possibility that _..2nces in the communitv s—ruc-ure of land or -
marine orgznisms m: - =id clear and =mely sizmz:s of harmful levels
.of pollutzzzs.in adv~:  of chemice detectiz: T-e detection of:
chromoscre aberraz:- -- changes in ”JhYSlOlC,".‘ = zoth higher and:

vel exnasure. Cme'such z=orozch is ‘based on

lower. orzanisms.- =- also- be a usefu ‘=rroach. Several-

S . . .- O . .
. Lol . . . coa R ‘a

T

3

)

" alternative polrc:es and technologies: Twvo general approaches are . |
- available for expancinc he stock of kno- vledge. The first consists of -
" tracing pollutants tk—o _:J,h the environment in an éffor* 10 determine °
 their; sources, routzz. -ates, and fates which helc: -5 reveal the
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 the values affected. "+ = - S

TheChallenges in Perspective B

.among the a

" methodological problems must ‘be. overcome, however, before these
and similar approaches can provide reliable, early-warning signals of
impending threats.- C : ' '

1t is clearthat environmental problems are often not exclusively .

scientific in character, in that they involve human values and economic . -

and: social considerations, as well as scientific knowledge, The

‘aesthetic value of wild landscapes or.the desirability of urban open
" space illustrates this characteristic. Science can provide understanding

and alternatives based on kriewledge, but society-must-choose from.
.

General Reéferences _ : A

Patteins ‘and Pgrspectives in Environmental Science, National Science Fpundation;, U.S.

*Government Printing Office, Washington; D.C., 1972:
Lol Man's Ir:rtpxxtt.u'rt_;flxe Global Envifonmint, Assessment a
. Press, 1970. - . i

nd Recommendatidn for Action, MIT
~ : ’ .

" 'The printeval c}{aliehge'-"c)-f" the ’u'n.kr.xbolwn- einc.l-',a"rhulti'tudé of

challenges of the natural environment still -confront us. Social .

" -problems, though greatly changed, still persist and in some ways have-
_intensified in recent years. But itiis the challenges created by man’s
“increasing , power to shape the future tkat.are’ escalating most

. w4
(]

dramatically. o

o3

Because of the interdependencies charzcterizing. the modeérn -
world .and because of the rapid rates, of ch-—ge, challe.- zes such as

<hose outlined are becoming more diticultic e with—a:tficult both

' for 'society -at large and f.. the - ientific 'community.

interdependencies strair -he capztities of organizations and decision
processes. Problems’ now  cut across tr » .prganizational and

iurisdictional boundaries fhat were more c- less congruent with.
-problems in the past; Informed decisions now require assessment.of a .

multitude of ramificatios and ‘inter=-tions,  but the extensive
knowledge and understanzing needed - ‘neseassessments are.not-

always available, nor are :zstitution: - - -=ntives always present-to-
2ncourage such assessmerzs. S .

Rapid rates of change —iace addiz:~~zi burdens on organizations

and -decision *processes. ~ “.apid | ch:.t 2, ,wnile diminishing the

“~ opportunity to look aheaz multiplie: :ne :nowledge required- for -
reliable insights into the -uture. Rar.d cmange. also reduces the

relevance of precedent, o custom, c: traditional values, and’ of

. conventional wisdom as zu:des for decisior. As the rate of change
“ " quickens, society’s decisicn- and rules rue: ither be continuously

lternatives based on thgrelative importance'it attachesto

Py e



, -refofmuiéfed or .el'sve Vfodﬁdéc‘}f"cl)n deeper strata 'of._l‘(r}lowledge and
- understanding. Otherwise, shifting circumstances will quickly erode
" their applicability, and they-aré-likely to become part of the problem

rather than the solution.

.~ -With slower rates of change, past answers are a better guide; and *
" the occasionally needed revisions can be formulated, tested, and;, "
" revised after problems are’already upon ‘us. With faster rates‘of
- change, problermis need tobe foreseen rather than experienced, and the
~.consequences of policy choices need to be anticipated rather than
discovered. The task of foreseeing problems and ‘predicting policy.
‘outcomes is, however, immensely: more difficult than the’ task of -
~ reacting to events and adjusting policies by trial and error. Of course, .
no amount of science, or rational analysis can guarantee: perfect
foresight or the discovery of:all possible options, but lack of perfection v
_. ~is no argument. for *failing. t6 make the. best possible use of the = -
..., intellectual tools available, or for failing to take advantage of every ,

\ h

_ oppartunity 4o add to these tools..

. Interdependencies and rapid ‘change also strain the capacities of ‘
our current fund of scjentific knowledge @nd our current research
. methodologies. The need is increasing for knowledge of the:multitude
> . - of interdepéndent factors and processes involved in the ~hanges, as
"~ well as for ‘experiméntal and analytic ‘methodc.ogy applicable to
.- complex, unique, rapidly evolving systems, including social systems, .

. . 4 . i
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SR ADEQUACY or SCIENCE TO MEET

B B - THE CHALLENGES: o
R TWO ILLUSTRATIVE TESIS‘;

In th1s chapter some of. the major challenges dlscussed earlier. are'-j

translated into the derived challenges posed forscience. The adequacy R
~of the existing-ase pf scientific knowledge to meet these challenges'is *
“"assessed, and : eps’ in thls base which must be filled in the future are,

1dent1f1ed L S s -

Sc1ence czn pro -de ob]ecttve understandmg of ‘the nature and’

. ~dimensions of zach _ch problem, and offeralternate approaches toiits
. posslble solution, Th scientific knowledge base and the capacity touse’

it are necessary; bu- not sufficient, prerequisites for, allevratlng the
large and complex ~roblems noted in this report. To these must be

> added,a viable and sustained level of societal commitment to solving '
"the. problems expressed in approprlate fiscal, 1nst1tut10nal pohhcal
vand soc1al terms o 4 ,

"“Each of hese elements must be present in sufﬁcxent strength if

For the purpose of assessing the adequacy of science to meet these B
: challenges two problems are selected ‘asillustrations: “energy’ and.
.- “cancer.” These problems weré selected as'examples only; similar -
* analyses could be made of each: of the other challenges; and similar
" general. findings: probably would be obtained. The two ‘examples,’
" however, have certain.. des1rable .characteristics for the present
‘purpose: “energy” and “cancer” represent quite different kinds of -

'.'problems, the core scientific disciplines involved differ in the two.

-cases, although some overlap exists among supporting - d1sc1phnes

~.“each problem satisfies, to some extent, the two societal criteria cited

above for successfully meeting complex challenges; and ' both are the .
L subject of recently initiated national programs a1med at respondlng to .
- the chailenges they‘ represent: : :

1 T -
Yy T

s

31,

" challenges o- .the magnitude discussed herein are to be met
- successfully. .,ubseqeentattentlonln thlschapter however w1llfocus :
- on the essent:al SClentlflC aspects U Sl




Cancer. -~ - ..~
» .Some S50 million Americans living today will be-afflicted with’
cancer and two-thirds of them will die from the disease, if present -
+ trends gontinue. One of every six.deaths in the United States is now.
" attributable to: cancer; a: toll - thiat is exceeded: only by déaths from
: ca‘r'dit‘_;vaséular'diseases.-Alr’nOst; half of those'who die from cancer are\’
less than 65 yéhrs of age, with leukemia being the major diseasekiller -
* . of children under 15 years of age. The incidence of cancer and the’ -
- mortality from ithaveincreased steadily over the last 40 or so years for .
" which statistics-on the dié;éassz are available., - v" o

gt
b

“ The Growing Science Base vl
‘- + During the same period remarkable progress was made in the .
“understanding of liying organisms: Within the overall advances4in-the
- -bivlagical - scienceig-to which chemistry and physics ‘'made major
L _céih;t‘:;ibutid_ns——we;'r‘émany fundamental advarices in biochemistry and =
. its Lderivatiye8, such as immunochemistry, cellular ‘genetics, céll
.« biology, mélecular biology, and .virology. Progress in_ these areas -
'éxﬁ'andg&gt‘heknowl'edge'of no'r.mal_cells,‘ providing new insights and - . -+,
" greater understanding of their structure, functioning, and- division.* . - "
" Most of this knowledge was acquired through basic research designed- '
primarily to extend the realm of scientific understanding, rather than
. . “fopits potential applications. .- . Y
¢ This understanding, however; provided the basis for eluéidating .
. differences between normal and.cancerous cells, ah-essential stepin.- = = "~
determining the naturt of cancer and in developing approaches for ~ “{

-~ preventing and treating the disease. The resulting charactefization of

‘cancer is that of unconfrolled proliferation of malignant cells which - * .+ R
fail-to receive or respond to signals to halt further division. Instead of '
an orderly distribution of cells in the surrounding tissue, the spatial
_arrangement of malignant.cells-appears to.be random’or haphazard. . -~
©_ And in contrast to the spread of no'rmalucgjl‘s,-canc‘e‘rOus cells may '
. "becotrie detached from a tumor and move to another site,sometimes
+ remote, where a new tumor is started. i T '
. Research over this period also provided insights into the factors:
which initiate cancer. There appears. to be no single cause of the -’ *
. disease~-os perhaps more properly, “diseases.” Indeed; it'is not yet ° .- :
~ clear'whether cancer isa single disease that'is. manifested in various P
forms, or many diseases that exhibit similar symptoms. Many factors,  +
- appear ‘to play an influential ‘role, iricldding__;hegzdity' and the

. o . ’ A - . . N . » . . . .
" individual’s own metabolic, hormonal, and immundlogical responses.
. In addition, man’s own acts 'may be involved in a causal way. Some 80+ ©
85 percent of all cancers are estimated to havean environmental cause, .-
S T A ' s R o e . K
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_resulting-from exposure to-a variety of agents—chemicals, viruses
.+ ., and ionizing radiatiori>~thany of which are man-made. -.. .7 .-
R P LR R N ; L0 . - :

¢ v P THe varius lines of research, which wers undertaken primarilyto .\
" Tfurther-the ‘understanding of normalsbiological processes, laid the
basis for several therapeutic approaches to cancer. These included the ..

use of chemicals (drugs) which interfered with or inhibited the: .
continued'growth of certain types of cancerous cells; as well as surgical ‘
and radiological techniques. These therapies, used singly and in -

» ' combination, now permit a significant degree-of sticcess in treating
- ..several, types of .cancer—childhood leukemia, Hodgkin’s disease,.
[~ choriocarcinoma, skin c¢ancer, ‘prostate cancer, and cancer of the

' “uterine cervix. - g e P .
., . By.the garly 1970's, progress in the understandihg of rnormal cell
", 4~ biology and‘in some appreaches to chemotherapy seemed sufficient to -
- convince some scientists that the stage had been set for a ‘major, -
focused.attack on'cancer, : N B

o , ; b_'I_fh'e, Nat.i_f):na“l/vc.él.ﬁée_l.fj P:r'ogﬁm Plan

- The elimination of cancer was announced as a national goal in"
1971,and the National Cancer Institute was directed by the President
. to prepare a- National Cancer Program Plan. Assisted by several -
. hundred of the most knowledgeable scientists in the coiyntry, the .
- - Ipstitute prepared a plan of effort which was published in"1973, The - *
“"“’;’4(:;% salient of ‘the: several volumes comprising the Plan are “The ‘
Strategic Plan”-and "Digest of Scientific Recommendations for the -

"= National Carcer Program Plan.” -

PP

e The ﬁltimate goal of cganc_er }esearéh,is the development.of means -
;. for eliminating human cancer. Toward t‘lys end, the National Cancer .
- Program Goal has been defined as follows: . . e

¥ Todevelop, through rééeérch_,é‘ndidevelbp_rﬁent"éffqrts",the-means e
_ to -significantly reduce the’ incidence ,of cancer and human.
-morbidity ‘and mortality from cancer bys - - o o
o preventing as many c:ahcex“'s'as: .p'dssible
® curing patients who develop cancér =~ T
_ *® providing' maximum palliation to patients not cured "
9" . "o rehgbilitating treated patien{sto asmearlynormalastateas.. . . -
" . possible. . oo S
RE The Program, .it should: be. noted, is' one of research ang, i )
« .- development, not of .the delivery of health care.. The ultimate: B
. mlleviation- of. cancer .is to be achieved through the application of .~ .-
.. researchresults by medical and publie health practitioners, although a

R I I SO
R () N
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component of the Program is desngnQ/ \5 hasten the praChCal
" apphcahon of results from the research p/ ram.
8

- - Towatd the attaxnmeng of this Goal, a /{ Ryam Was: deVlsed whmh
T delmeated seven major C)b;echves y

Uy .

TS

R 1 Develop the means to reduce t}\e/ ‘fechvenesﬁ Of. external

o " agents for produging ‘canter: N dk\ o

- 2. Develop the means to modlfylnd,v} alg in Ordef rmnimlze
-  the.risk of cai.cer development, *

Lo L3 De\felop the means to prevent. tr;\t/ \\rmatlon of nQrmal Ce“s

o cells c: vable of. formmg cancer. -, & v

.~ 4. Develop the means’to. prevent p{é \begsmn of Precancerous

"cells to.cancer, the development of /7 erS from pr@cmcerous

copdxtnons and spread of ¢ancers fry//, Dgmdry sites:

v . 5. Developthe meahstoachxevean‘\/ \\‘te asSessmentOf(a)the
w0 risk'of developmg cancer in individy, / \nd in populatio, grotps .
L and (b) the ‘présence, extent and D/ . \\ble cours€ Of oisting
. lcancers .. r%
¢ . 6. Develap the means to cure “m“‘r V (lents a ‘('tO cquol the

-progress of cancer, '
7. Develop the means to 1mprove t{’ ‘.eha_bllltatl()ﬂ of cancer
""' pahents .. . . .
It-is not the purpoqe of this report t“/ Sugs whethef' ‘t\deed the
_stage Rad.been ‘set adequately for the “/ v effort which pis Plan |
entails. Nor is the purpc e to assessthe AN Ypal structuf® of yhe Plan
and its balance, or to comment on the’ ml\% re50Urces Whlkh should
«* be applied to the several program eleme“ ‘\bh‘? purpopseés tagper. is to
.- emphasize the criticality of fundamenty A “o gual under‘t\ndm to
v+ s the suiccess, of the total'endeavor.
Lot C A . : K
: St s : , |

Adéqujhc'y of the”Cur,‘rent State QF R\gic Reseﬂrch

\ncer’““hr on Jyy Of the
e adequat€ ley ol of basic
. scientific knowledge. Stich knowledge iy \\sgary for Undorstandlng
. . the nature of the problem, the etiology, / \ mics, and $¥nyntoms of

“the disease(s). In the absence of this knu\\,} \e; the prob “\\Unnotbe

A successful and efficient attack 4
problems discussed in this report——req\h{/

~ defined with sufficient predsion to q// Bﬂsm “owledbe is

S needed - also  to  provide plausnble V boauhi‘ the Prob-

- lem—directions of dttmk which can b@ i]\,rﬂent(‘d Jnd \\.hlch hold

e some promise of success, Without thl Yyeee OF knOWlgdge; any
approach is.perforce trial and error and / \\t depend upOn g ctuitous”

‘events for its sugcess. Lacking an JdQ(l/ pase Qf Undt\ gndmb,

“efforts to coge with cancer are likely to. / ,rld are ce t“ln {0 Waste

valuable resources and precious time iy ‘/ \ processL G

.';'
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" Is the state of sci'ent'ific:.knb_'v'vxled’gé regarding the'"natf,‘u're ofc'énc'er”‘._ b

adequate todevelopan effective planfor ameliorating the disease? The

i at all.suggests that the current knowledge base is sufficient for this

7. purpose. Formulation of a detailed Plan was possible only because of
<o the diverse clues obtained from earlier research. =~ . . .

b

- targeted) research to extend the base of scientific knowledge. In this
©/ regard, “The Strategic Plan” states: - R
Our areas of ignorance are still large, and caution must be
" exercised 'to assure that the total attack is well balanced
S '-bhe,tween non-targeted and targeted research. = .-

1

the Program is emphasized also in the “Rigest of * Scientific

A Plan» ‘

., Recommendations for the National Cancer Prog .
. The very:-foundations of cell 'bioldgy, molecular biology and

- immunology must be strengthened and the entire structure -

. must be’enlarged and possibly remodeled . ... - ‘ :

s

. Objective have been delineated -and, within each approach, a large
" number of Approach. Elements, i.e., highly . specific defined
. subobjectives. To illustrate, Objective 3 aboveis to develop means to

prevent transformation of normal cells to cells capable of forming"

cancers. The alternate approaches to that Objective are: (a) study the

- ‘ The pi&ota’l role ¢f basic tesearch in 'éié/hievi%'ng the Objectives of

. . oo . R . C . . . R
' Accordingly, several approaches to the attainment of each major ‘_

*.- nature and modification of the"pre,Canc%rou,s state .and ‘determine -

mechanisms accounting for high degreés of stability-of cell function;
" " (b) delineate the nature and rate of oncogenic cell transforthations in
< carcinogenesis ' (include aspects of .cell culture and viruses); (c)
© . investigate cellular and ‘organismal modifiers of the transformation
‘-and promotion . processes; (d) .identify immunologic aspects of
’ transformation; and (e) study cell surfaces and cell membranes.
. . . . B

The Approach Elements’ are numerous, as illustrated by the

¢+ fact that'a program of research and dévelopment could be formulated-

R " The exis‘t-e‘h'cé of cr_uc‘ial: kndwlédge gaps is explicitly recognized in
./ " the Plan. Indeed, much of the planned effort consists of basi¢c (non-. .

following random sampling of “elements”associated with Objective 3; .~

to elucidate mechanisms of DNA replication and repair it .normal and .-

tancer cells; to ,c’harac;er_ize the. molecular basis for development,
stability, and inNeritance of differentiated. cells; to delineate the
interaction;of precancerous cells with their host; to delineate cancer

- genomgs through maripulation.of cells or chromosomes; to define the .

relationship of mutagenesis to carcinogenesis;- to characterize
molecular species involved in expression of cancer genomes; to extend

* studiés on the biology, molecular bjology. genetics, and enzymology of.
- oncogenic viruses; to detérmine the role of hormones in cancer; to-

.

- determine the role nutrition in cancer; to'define the genctic basis of

v
4 > @
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‘the immune: response; to sjudy the composition, structute, and
- function of normal and cancer cell membranes; and to define the role
of membrane antigens in tumor development and rejection.

The various and diverse Approaches outlined in the Plan share a

common and important characteristic: the basic role of fundamental -

" understanding of biological processes in attaining the Goal of the

.. -Program. Success is conditioned entirély upongaining -sufficient-

understanding of the riormal life of a tissue cell, and the manner in

"~ which it is altered after the neoplastic transformation., - = - -

One of the largést gaps'in modérn'biorl'bgy. is detéiléd knbwledge

about the mechanism of normal cell differentiation and the means by -

which such cells maintain their stability throughout life. The question

of how. normal cells acquire and maintain their differentiated -

character encompasses some of the most important unknowns in cell
biology.’ The answer to- this® question—which will require much
fundamental research-—is essential to a successful attagk on cancer.

L

_ Although clues abound, there is.as yet no satisfactory description

~~7of the fundamental nature of the neoplastic transformation involved - .

'in cancer. Indeed, present knpwledge is insufficient to assure that'the

structure or function which is altered in the course of that
tgansformation has been properly described.. Even if this. critical
information were available, a large effort would'still be required to
_achieve the major Program Objectives, for success will require
answers to most of the other questions posed. : ’

If human cancers are caused by viruses—whether they invade

<«

from iithout or are carried in the genome from*birth—it is not clear

~ what those viruses a¢tually do that results in malignancy. Torepeat, it
is difficult to understand how- malighant cells _escape +from an
otherwise normal organ, when understandingis lacking of what
prevents normal cells from doing so. Plainly,since cancerous cells
differentiate and undergo repeated divisions, they escape from some-

~control’ mechanism. But the nature. of the control mechanisms "

operative in the normal cell itself is totally unknown.

On the surface of cancer cells are macromolecules, known only by

- theiy immunological properties, which are not present on the surface
~ of the normal cells from which the cancer cells developed. But the
" relationship; if any, between the presence of these macromolecules

" and the uncontrolled growth and diffusion of cancer cells is unkdown -

’

- at presc\pt. Whether the macromolecules (which are called

" \antigens”) vare a primary aspect . of n'e()plas‘ia," or a secondary
‘consequence, remains to be established. Their presence, however,
furnishes another possible clue. It may ‘be that the neoplastic

transformation is not a rare event which inevitably lgads tocancer but

’ . .
tumor

rather a frequent process which relatively rarely culminates in-the

disease. This could be the case if such transformed cells are usually

o

‘ -
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'destroyed by the. normal immune_system whxch recognizes the B

modified cells as “foreign,” because of their new surface antigens.
Were ‘this the case, an important clue would lie in uriderstanding why

- the immune system sometimes fails to, recogmze or destroy the .
- forelgn cell “thus permlttmg neoplasia. - ‘ .

These few details are offered not 50 much for the msxght they
afford into the nature of cancer, but rather to emphasize that, even |
now; attempts to deal with the disease are limited by the fact.that the"
understanding of neoplasia is still at a primitive,. descnptwe level,

limited by understanding of normal biology. Success in attaining the -
‘ultimate goals of the Plan depends upon gathering a sufficient body of
. information along the lines indicatéd by the rniumerous.‘Approach.
Elements of the National Gancer Program Plan. The: possibilities for -
early- diagnosis, for prevention; or for definitive therapy could be

smarkedly enhanced by such knowledge. But even then, corisiderable "
additional effort would remain before the Ob)ectlves of the Plan could

: be realized. . _ .

N The - translation of fundamental understandxng mto effect:ve :
“therapeutic approaches is a ‘major ‘goal of the.Program. Current

therapeutic approaches rest on empiricism and a rather general level of

’ understandmg For example; radiation is known tobe injurious to cells
in-mitosis; hence, dividing cancerous cells should be more susceptible

to radiation than normal cells. Again, cell division requires synthesis of
DNA, the genetic material in chromosomes; hence, chemicals which
can interfere with DNA synthesis are candidates for use as anticancer
drugs. But both radiation and such drugs have only limited usefulness.
because of their inefficiency and the fact that they damage normally
dividing cells such as those of the bone marrow. What is required is a

' :family of agents directed more closely at the processes involved in the

neoplastic transformation. No such agent is available nor can the
process in’ question be described. Even when that knowledgeis in
hand, the remaining task will be formidable.-An illustratiofi of the

. difficulty of this task may be drawn from another major disease:
‘ .essential or mahgnant hypertension. Itis now known that this disease, -

in many instances, is the consequence of an alteration in the kndney
which results in liberation into the blood plasma of an enzyme, renin.
This enzyme catalyzes the removal from a normal serum protein of a
decapeptide, a linear chain of 10 amino acids of known composition. ,

* The terminal two amino acids of the decapeptide are removed by a

second enzyme contained in normal blood plasma yielding " an-
octapeptide, a chain of eight amino acids called “angiotension II,” the

. most powerful pressor agent known. If a drug were available which

could inhibit either of the two enzymes involved in this process,it
could serve as a definitive therapeutic agent .for malignant
hypertension. Unfortunately, no such inhibitor is- known as yet.
Alternatively, were there an otherwise innocuous compound which
could mimic angxotensxon but not cause arteriolar consttiction, lt too

s
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" could serve as the ideal -antihypertensive drug. But effort8 in this
.. * direction. remain ‘unsuccessful, and this disease remains a serious

" health er'oble'm'. By analogy, if there is:some parallel alteration’in the - -

" chemical life of the cancerous cell; the way might _be opened to an
-equivalent rational therapeutic approach. The'need tolook elsewhere

- for a persuasive example of a promising current approach-to therapy

- underscores: the current state of ignorance regarding’ the essential .

nature.of cancer.
. 4 '

o

~scientific fields. The biological sciences, of course, constitute the core

.increasingly important in "modeling” cancer which, in turn, means

. “new uses of computers and perhaps. the design of special purpose.,
. - computers and associated languages. In addition to these individual
_disciplinary efforts,*increasing numbers of engineers, statisticians,

and’ epidemiologists are. needed to work ‘with biomedical research

The invquemeh_t of alarge part c_).f the total spectrum of scientific

disciplines is necessitated by the complexity of the cancer problem, the

large gaps.in essential knowledge, and the broad scope of the plan of

attack. -Comprehensive 'ahd,c_oncertéd efforts tetdeal withany of the

"The broad sweep of the Navtional"CanCer_Pfqua'm"_.I’lan for
advancing basic .understanding requires contributionsfrom many, -

W .

disciplines, with a central role for biochemistry, cell biology, molecular: " -

- +'biology, immunology, and oncology. Chemistry is also a key field-of L
" - research ‘ranging - from ' the detection and analysis of airzborne’ ’
‘¢arcinogens to'the synthésis of new drugs. Mathematics will become -

problems discussed previously in this report would Tequire the -

" contributions of a similarly large array of scientific disciplines. The

only difference would lie in the relative mix of disciplines which must - :

- be'mar,sha.led,._" ; g

v

4
»

Scientific Manpower Requirements:

The National Cancer Program Plan calls for an operating level of -

approximately 13,500 professional research scientists,! with some
11,000 of these needed for the component of the National Program to

be supported by the National Cancer Institute. This operating levelis

to be reached by fiscal year 1982; building from an estimated level of
© 5,500 scientists in fiscal year 1972. et S

The available scientific manpower (along with associated facilities

..and supporting resources) is:a major constraint ‘on thesmore ‘rapid;
. T . s . o e R L

PR o
EY

N . . oo - .
—. L . SRETIRRT s \
1A research scientist is defined as one Kolding an M.D. or Ph.D,, or equivalent
~ degree, whois responsible for the conduct and/or direction of particular research tasks.

A FERS : . ) B .
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. expansion &f the overall Cancer Program. As noted in “Thetrategic .-

~.Plan,” to achieve the’target operating level at this time “is' not only

“_ impossible from " the scientific standpoint - but impractical and .
-undesirable from the standpoint of impact on natienal biomedical -

© :resources.” Asthe Program is steadily expanded, the required research

- scientists are to be drawn froim the growing research manpower pool.
In addition, training programs are planiied for “filling specific critical - -

- scientific discipline deficiencies.” ™
In spite” of these measures, “a deficiency. in the number of
' scientists may begin to occur in FY75 and may conlinue to increase as

- the program expands.” This estimate applies to the total number of. -

research scientists needed for the Program, and does not include’ the

specific disciplines in which.' deficiencies are. expected. Critical -~
deficiencies, however, exist currently 'in the scientific areas of
carcinogenesis,” immunology, - cancer. biology, epidemiology, . and" =
pharmacology, according to a preliminary analysis-presented in “The -’

. Scientific manpower deficiencies, such as these, are likely to occur - .’
at the outset of any large, new effort involving research and.develop- -
 ‘rhent as- a:major component,” These deficiencies, furthermore, are | o
" likely to persist for several years, unless existing programs employing . -

the .needed scientists are reduced, because of the long time period ~
.-~ required for training - scientists. Thus, the existing scientific

manpower—and the time'lag in expariding the supply—will generally
act as a major constraint on thé rate of growth of new R&D-intensive
programs.. - .o ' BRI AR, . ' S

Prospects for the Cancer Program °~~ %

The success of the National Cancer Program will depend directly
. upon the continuing progress of fundamental ‘biological science.,
. - Success lies, more particularly, in reaching an understanding of. the

nature of a living normal cell and thé alterations to'which'it is subject.

. understanding cannot be given more than broad, general direction.

~ The. basic research which must be done to achieve: this.

Given sufficient support and resources, the research must follow its

own' leads, the intellectual striicture building upon the platform

already constructed. It is of little consequence to society whether'this =

- very large area’ of fundamental 'biology is formally viewed "and
nancially supported as “cancer research” or simply as “fundamental

£;
' '{ellular'biolog-y.” The same scientific community will be enlisted in the

“Yask, and thc')se"inv‘estigatprs who focus on “the nature of carmg” will

-continue to gather clues in the attempt to develop the understanding - - -
ancer ‘

- Progra.m‘f’l,a'n,v_‘méiy one day bé reached.

i

required so that the societal goals envisioned by the National

R N
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' The pattern of energy use -underlies, shapes, and reflects. a
culture. Few other factors impact so pervasively on human life. The:
“forms, quantity, and cost.of available energy détermine the possible
“variety in human-s“éttlemen_ts}_Cohifition the economie and social* - .
“structure of society; and influence the direction’and rate of economic. .
- " growth, level, and type of employment, forms of technology, methaqds’
" of food ‘production, -and Jlife styles. Thus, sudden and significant- -
- “changes in the'patternof energy availability and use can be profoundly .
i disrdptive—nationally and internationally. ' o

. - Consumption of epergy on a worldwide basis has increased by’
" ‘some 6 percent anpually for several years. This.amountsto a doubling

T i “every 12 years of the quantity of energy consumed. For the United
+* - States, growth in ‘consumption averaged 4.3 percent over the past

decade, while rising to almost 5 percent'in recent years. Growth rates
- for most other developed countries have far exceeded those of the
. United Statesin the last few years. Even so, the U.5. consumesa third -
" of all energy used in the world, while having only 6 percent of its -
- population.-On a per capita basis, U.S. consumption is some six times
that of the world average, with the difference between the United -
States-and many developing nations being as much'as a factor of 100.
5 A ¢! ] .

'

While the U.S. rate of d. nand Ay

engrgv rose to nearly 5 percent

ann. iy, domestic pro_ ot 3 grew abtrSteady rate of some 3 percent
Jann. iv.Theresult'tv.: a0 wreasing reliance on'imports—primarily "
"“in t- ‘orm of petrole = the first half of 1973, the United States
imp ':2d 17 percent i otal energy consumption, including 33
- percen: of its petrolev = chief suppliers of the imported energy
. were the Organizatio . ~troleum Exporting Countties (OPEC).
At ° B o .

In the falfof 1973, these nations quadrupled the»price\'of‘impmted }
oil It is estfmated that, as a result of khese higher prices, U.5.
expenditures for foreign and domestic oil alone will rise by $26 billion’
in 1974. Furthermore, the same price increases are expected to add 2
precent to the US, inflati&;'m.te in_1974. N . o

Al

( . Preceding these developments by a few months was a directive
from the President to - the. Chairman of the “Atomic ‘Energy
Commission to“undertake animmediate reviewof Federal and private
energy research and development activities. ...and to recommend an - -
integrated energy research and development program for the Nation.” =
S 4_ i
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N The Natlonal Energy Program

The report2 pre.:se‘nt'it;)g th'é'rfcomm'er'\ded Energy Progfém farth
~ Nation was presented to the P
~ Natignal* Cancer Program .PI

»

4

e

| .Y;The.'-rééb?hm'ended v"Pr'ogrém,' it sh.ould b.e'n.ot'ed, en'éompa'sses o
. many :aspects other than energy-related R&D such as economic, in- i
stitutional, and legal considerations. The overall goals of the Program

-call for ‘the ‘Nation to “regain - energy - self-sufficiency by

1980” and to “maintain . that self-sufficiency ‘at minimal dollar,
.- environmental, and social ¢ests.” The objective of the National Energy. -

R&D Program is to assist 'in achieving these goals through research -
andgdevelopment.” o REREETEE e

- “were identified as:’ "~ .- .

tasks. The specific technological objectives of the R
defined in terms of three time periods as follows:

Lo [N

c

Task1..Congerve energy by. reducir cor ~ftitjnd

' ‘cgnserve -energ’ respurces. by incr. sing tefhnical

efficiency of cc- ersic - processes. |

Task 2. Iricreas: om: -icproduction of dilar .. -uralgas as
rapidly as possi:- - . - '

Task 3..Increas: 2 u=- of coal, first to suppl: ~:=ntand later
.to replace oil ah. 1tural.gas. - T

The ':major-tasks"”r'equix;ed tb»yre‘gajri and sustain se{f—sdfficiency.”

Task 4.- Expand :  sraduction of nuclear en- gy as rapidly - . -

as possible, firs:  supplement and later to replace fossil
energy. ".‘ . . \ - BE -' ‘. ‘ - :.4’ . Ty .

[

ren

Task 5: Promote, to the maximum extent feasible, the use of _
/ rendfvable energy sources (hydro; geothermal solar) and
. ?ursue the promise of fusion and central station solar power.

The National Energy R&D P.r’c.)gram‘.‘is'to-'}{'elp accomplish these

”»

Near- Or Short-Term (Present to 1985) T
- This . category “includes ' research and development

objectives that enhance the implementation” & - existing

&D program' were "

technologies, identify additional resources, and improve the .

* Government Printing Office, Washington, DIC., 1073] 7™ .. i
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2. The,Nation's ~Envt;f.‘\'.l/ Future, a report tor tl\t"Presi(I(-lwg of the United Statesy US.-

417

e .
résident in December of 1973: Like.the
an, the development of the National: -

Energy’Program was assisted ‘by #the advice of several hundred -~
" scientists, engineers, and technologists from all sectors.



;. efficiency of existing techniques, practices; ‘and p’rOce‘ﬁ;és.‘
Particular attention is given.to removing barriers. to public
-acceptance, ‘satisfying existing standards, and developing an
_improved basis for standards'inall energy productionand use -

: :'."'.ar'eas-._ : R _- :' : ‘\ L '{) R e

-, 1" Mid-Term Period (1986-2000) T R
.+ . Mid-term energy research and development program AT
" goals “aim _at- providing alternative .energy-sources and " ..
‘increased ability to substitute more plentiful fuels for scatcer . -
" ones. Conservation and efficiency measéyes; conversibn of
coal to gas and oil, breeder reactors, and’ certain solar and *
- geothermal ‘sources are prime elem¢ .5 ¢ - - mid-term -

- prog’ L

:

’ Long-ierm ‘eri.. 3eyondr Year 260C" . ‘ RN
® ° - Many r =se. unanzcipated variables -t course, will
. become imy srtz:. :n the [ong-térm period “hanges in the -
. organizatio:. of :uc:2ty, in.the patternsof tr=- :portation and.
. other ener: vz2s. in the needs of industr and in overall
- " economic g-w -1 patterns may occur. The I 3-term goalof ™
. the energy -e::zar a .and development pr-uram- for. self- .
“sufficiency he production’ of adequz - amounts- of )
~énvironmer...  .lean,-dow-cost . fuels :rom relatively-" -
‘inexhzustib: - - me- tic soyrces. Energy.shou : beavailablein-."." .-
forms best suic - tc ~he energy needs of the vz -ious sectors of
-the ,eccnomyy . R . =L, ‘

o :
. a o -

“In’ addition te these technol'bgicélvobjés.;:ves,'i_tﬁe

: "Program*
specified certain supporting objectives: ‘ T '

4.
. e-Enhance. basic research into energy systems and- fugl’ )
. sources. i - o S PR
« . .. ..e Continue. basic research into chemistry, physics, geology;.
. > and biology toidentify new potentialsand provide the basis of
5o knowledge for solution of problems that experience shows
J o willarise. L o ' R
e ‘Establish thé nature, emission patterns, distributionin the = . 5
environment, and ecological and medical effects of pollutants. ° T
e Provide. §mproved .bases of knowledge for setting - o
~ environmenftal standards and minimizing ‘environmental
impacts from energy technologies. R o
e Develop detailed methods to enhance environmental and
ecological - iritegrity. and overcome- any necessary. but
undesirable impacts that have accumulated. o
. ®.Create and sustain an adequate supply of scientifically and

ERU technically’competent manpower-to support the operation of
“w .t the energy ‘system and the research and development
L programo S
‘ \d‘ 4 - ., - v v - 5 . . /) 4_5..2 e 4‘ ‘l)";. . 4',4-
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,Adequacy of the‘Current State of I?LagLRnsearch

Fundamental research of the pa . provides a substanual
. ‘foundatlon for planning and 1mplemennn0 the overall R&D program - 4
- .in energy. “The results of sucht researck morem=r, have provided'the
* basis for several energy-related tochnoigies .ré nowoperational
" and constitute parts of the ex§ant national ¢ 'rgy system. Fission= . -
. -energy technology d low-BTU gas convers.. - techniques are’ chatet o,
" two.of ‘the” many areas in which basic researc' has had such a role.
! There are various other energy-related. areas and technolog:es which
-+ srequice little if any additional basic research. These include'surface and o
. unde: ~ground mining of coal and shale coal and shale processing and
c0mh.:.st10n, oil and gas recovery;’ advanced zir,and nuclear ships
' ,_tran Uortatnon systems, and assessment of ene-gy resources. '

: - Tor several otherareas thescience baseis’ roderately adequate,w o
‘ but turther basic research appears to be n=eded. These intlude oil- =
~ shale mining” and . reclamatlon coal liquefaction;. some -energy--
_ conversion-techniques (e.g., high temperature gzs turbines.and use of,
" waste heat); and some transportation systerms (¢.g., rail). In the cage of.
coal hquefactxon, for'example, the developrrent SF rel:able techn’r‘gtles
- depends’upon vigorous research in catalysis, orgznic chemistry, sulfur
~chemlstry, chemical kmetlcs thermodynam ¢s, xnd mater:als :

Slgmflcant advances in bas:c knowledge. hovever, are requ1red in’
~ respect to certain. energy technologles Ariong these are the"
distribution and’ storagé  of energy; - magnetohydrodyhamics;
geothermal eniergy; solar energy; and fusion energysIn regard-to the
- latter, forexample, fusion réactors depend on certain’plasmabehavior . |
- undef‘ condxt:ons that have not yet been establlshed in the. laboratory S

“The Natlonal Energy R&D Program: Plan calls for substantlal : ‘. o
" basic-researchl in connection with each of the five major tasks cxted‘ S
: above The Program Goal of the basic research effort is: '

To explore Basi phenomena processes, and techmques in’
. those phys:cal czemrcal bxologxcal environmental, and social R
sciences - aréas  bearing. on‘energy ‘and to -ensure“the. = - S

.development of Bew bas:c knowledge in these areas. .

n Sﬁch research ay often suggest new lines. of development not
~contemplated at thgrt‘ ime the overall program was first defined. Thus,
if the technologies now sought should prove inadequate, the research
may lead to other approaches having a greater probability of success.
Basic research, therefore; increases the chances that present concepts
-and approaches will be developed successfully and, at the same time, -
prov1des a basis for- new d1rect10ns if needed. : :

. The necessary basic. research in energy- -related areas covers a .
broad spectrum of dlscxpllnes and sub,ects materlals res(earch, .
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_catalysis and chemical reaction . etics, plasma research, chemic:: and
. physical praocesses, biological --vcesses, . physical environmex: and
ecology, and sdcial scierice rese-rch. S P
" Materials. Research—The inabuty to predi‘c‘t accurately tthe benavior
 of materials "in extreme’ environments, and’ to: desigre suitable
" materials, isone of't'he‘grea_tés_,t;‘tEChhica,l obstacles to ¢jéye"loi5'm?¢nt»and_
‘ ithprovemeinit of energy sys ms. Thereare various recognized gaps in
“4undamental understanding in these areas. One of these for example,
is reflected by the largely embpirical approach which mustbe tak=1now

n the search -for. superconducting: materials with' higher. critical

" temperatures or e'asier’fpi‘mébility".fThe_ste'e;?y_‘ac.lya’ncés made in solid
" state theory.and.in scientific inétgu‘menté_ti n'provide a firm basis for

- efforts to narrow these gaps and obtain new materials with properties

. .required for energy-related, functions. ‘Some 'examples’ of areas of

. needed materials research are: (1) strength of materials, including

7 embrittlement by ‘hydrogen and radiation; (2) high. temperatuge

stirface “interactions, and microstructural ' changes; (3) radiation
: ~ effects; (4) électrical conductivity,’ Cmgl'udihg-super'conductivity and
. conduction at high temperatures; and (5) refractory alloys, including
- their ductility, fabricability, and plastic and elastic properties.

N Catalysis and ChemimlRéachL Kinetics—Adv:
critical to.several approaches:for produging energy, in terms of fael

cbal, oil .and shale, -and gaseous fuel production. Although catalysts
have beent used extensively, basic understanding is deficient in regard
" to howcatalysts interact :with reacting systems; this knowledge is

" needed to.deal with the desulfurization problems of coal and heavy .

petroleum tars and crudes.. Further knowledge of chemical reacfion .
kinetics of noricatalytic systems.is important in conserving existing .

. fuels and in ®btaining éffigiént:'hges o
important areas of study are: (1) structures of surfaces:and absorbed

" molecules; (2) structure and immobil’gg&iox} of enzymes and soluble

- homogeneous catalyst moleculesy -and (3) mechanisms; of
" homogeneous reactiors including reactive intermediates.. ..

Plasma T{csea'r'd‘f—"fhe behavior of plasma is not satisfactorily. -

- described by the methods used for studying solids, liquids, and gases.
Con{iderable research, theoretical and experimental, must precede’

. - the developrent of plas'riia systems for generating and transforming

: o energy-—systems such as “fusion’ reactors, magnetohydrodynamic
..~ .-converters, _thermionic cells, high temperature chemical processing, -
‘ " and gas lasers. The needed knowlédge centers around how tokeep the

- ‘plasma where itis wanted, how tokeep it clean, and how toKeepit hot. .-

o )
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environments, including the impact of thermal shock, behavior of .

ances in these areas are

f new ones. Some examplesof

* production as well as the sequent processing of effluents. Theuse of" "%
_-catalysts can raise chemical reactionrates by as much as afactor of-108, -7
nd may. often reduce or eliminate undesirable waste by-products in’ -
" the process. Their use’is expected to be significant in the processing of ..

i
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Although much ‘is known aboht_cer.t,a'i‘nv é'éxpecté'_df'the bhehdfne_né"

.

‘temperature changes as brought about by tuclear reactiohs; or the -
< laws of scaling to large plasma volumes. Sophisticated experiments .

little -is - known about other facets; such- as the effects .of ‘rapid

.+ will be required in order'to transform laboratory demonstrationginto - .

-

. _-'é:pe_rationzﬂ.systems of energy praduction and conversion. - .

“Chemical and - Physical Prqpes‘sgs;Tli\e "basic. processes. of - fuel

.+ 'preparation, combustion, and-heat’ transfer "are . incompletely
. understood. Additional research is required if the efficiencies of these "

i processes are tobeincreased. The results of such research would apply
- 'to the energy production functions performedat central stations: the
- chemical separation of impurities from fuel, such assulfur from oiland
“coal gases; combustion 'of the fuel; and the transfer of the generated
“’heat to the primary working fluid. The processes requiring study lie in

the various disciplinary. fie f physics, chemistry, and engineering, .

- examples of which are separatio 'chemistry,‘electrochemistry,‘ fluid ~
.. | - dynamics, energy:transformation processes, heat and mass transport,-
. - atomic - physics,” nuclear :properties and cross sections,
- thermodynamics, and combustion. . o R

' Biological Processes—The “research required in this area centers "
. -around (1)'energy conversion by biological means (conversion of .
= cellulosic materials to fuels); (2) biologidal detoxification of effluents
from energy systems; and (3) the determination of biological effects of
“toxic substances. Efforts in the first two of these can be-expected to
-add to the basic energy supply.and increase the conversion and use -
. efficiency. of vafious égne'rgy resourcesi Greater’knowledge in the last °
+ :Parea is essential for preventing hazardous health¥ conditions and
protecting the biosphere from.toxic effluents, of energy Systems.
. Possible applications.of such'research range from the bi6conversion of
.. animal and plant wastes to usable fuels to the development of data for’
* - establishing standards for texic substances release rates. -

Physical Environment and Ecology—The physical environment, while *

.- providing energy resourcés, sites for energy system operations,’anda -

. repository for energy effluents, must be protected from assaults °
~ . against its own vitality. To achieve thisend, research is needed-on (1)’
- means for safely transporting and disposing of thermal and material
loads; (2) ecological systems; (3) spatial and temporal distribution of
trace substances; and (4) surficial-faulting 'and rupture, seismology,
~and rock and soil mechanics. The knowledge acquired from such
" research can provide an-informed basis_for-environmental contol
- guidelines, standards, and legislation concerning ‘energy conversion

and use. *

.

_— [ _‘Soc‘i | Science Research—Both basic and 'ei_pélied nes’e'érch in the social
_sstiencés are required, primarily in the disciplines of economics, social |

.- X - . . o . ] . .

St 52 . s

(e.g., effects of magnetic field shape, plasma density, and impurities), iy
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, -S"cie_hti__f,ic Manpower, Requirements .~ - °°

projects. Subsequently, efforts will be directed-to enlarging the base of

a6

.. psychology, political science; demography; andmathematics related to
_thesedisciplines. The objectives of suchresearch include: (1) improved -
~ ‘economic. theory afnd ‘models relating energy use to other national -

- . parameters; (2)-better knowledge of how life stylesand,the ”"quality of

life"“relate to ‘national energy~policy; (3) insights into the factors -

understanding . of the "Nation’s international relationships and - -.

-

» ‘obligations in matters of energy. . R

3 :

. ‘As in the case of the.National Canger Program, basic researchis ~
" required in awide variety. of scientific disciplings in'order to meet the

~; goals of the Energy Program. A part of the basic research’ program, as 2

“_noted in the Natianal Energy" R&D, Program, ”is designed to’find ."

' answers. to~questions ‘tow’ visibl®.  Another part is intended as

insurance-against unknown future barri€rs to development progress.

A-very small part...is to'encourage creativity and imagination along
- “lihes riot yet chartable in’ the long-term concerns for renewable . .
energy.” © . . A

. . .-
et 4 : PN N
. [ C X T I

1t is anticipated that the Federal Program 6f Energy ,R&D'woﬁld L
" employ some 40,000 'scientists, engineers, and technicians when the-
‘Program becomes fully operational. In 1973 about. 50 percent of that =~ -~

‘number weré employed in federglly supported energy R&D. The

" Energy Program ''Plan notes that: “While the potential . for:
-'re}distributit)n' of technical: manpower is  high; reorientation or

retraining will be necessary, and major growth in the longer term.

- roust . be ensured:”- Toward. this ‘end, the. Program,:provides .for

manpower development. The first targets are (1) the expansion’ of
educational faculty to train manpower for R&D in energy, and (2) the
eghancement of -the; effectiveness' of managerialpersonnel in* :
?ﬁﬂ'nment_ and- industry for planting and implementing R&D - 3

energy-trained manpower -through the support of stddents’and,

. Manpower requirements in the private sector are sﬁbétah_ti'ally_'
greater than those of the Federal Government. A “maximum effort”
by industry to develop -dSmestic fuel sources over the next-decade is

. .estimated to require 230,000 scientists and engineers by 1980 and

308,000 by. 1985, compared with the employment of 141,000in 1970.%-
(These estimatés may be conservative in that they do not include the

S . L A
e . C s . . S

T
~at

3 The Deniand Ibr‘.'S'_r'im!iIir.-%mvl Tn'}r.nirul Manpower it Sélected Energy-Related Tniustries, 19 70

85 A Methadology Applied to a Selected Scenavio of Energy Ozi!p_u!. AStimmary. National Planning. - - R

Asgoci_ation,"S‘eptember 1974, 0 T ; . B
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 expanding institutional capabilities to retrain and redirect technical = ’
‘manpower at all levels. = S S L

~ controlling population and ecoriomic growth; and (4) increased . - f
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7. i/demdnd for scientists and engineers by industries supplying the _
... ' ‘energy secior.) IR R : o B
R ,:.-4 [ - . a'

+"-The demand for scientists in programs funded by the private
... sector is expected to increase;to 61,000 in 1980 and to 83,000in 1985, -
y . up from 40,000 in.1970. The largest increases between 1970-85 are
" repected (e physicists (from 8,000 in 1970 ‘to 22,800 .in 1985),
. chemists (from 13,200 to 27,800), and mathematicians (from 7,500 to. - .
~ 13,900). The " larger numbers of physicists and chemists [and"
“’s mathematigians] will be required in the production of energy because

S 21T

N

o

- of the increase in nuclear power plants;. . "4 o
" The'requirement for éhg‘iheérs"ﬁ. 'exée_cf_éd to rise to 169,000'in" -
1980 and' to 225,000 in 1985; as compared-‘with 101,000 in 1970.
Among engineers, the largest demand in 1985 is expected tp be'for -
. electrical engineers (65,500 versus 25,600in'1970), chemical engineers

(51,500 versus 33,600), and mechanical (30,500 versus 8,000), These =

. increaseg”, . -.refle’c}changes in the energy production technologiesin
i

o 'gen_érélangi'the rapidincrease in the nuclear power generating unitsin *
" particular.”+- - : LT N
R The future su_p'bly of scientists an'dengineer;s may be inadequate -

. to meet the demands assocjated with increasing domestic energy

~production. However, the ”supply situation will become considerably

*worse beyond the mid 1970’s if current trends continue toward an
. overall decrease in the number.of griduating physical scientists and":
- 'engineers.” “This already bleak future supply/demand relationship -

.- for the scientists and engineers. . .is further complicated by the fact ~ -

~that, in mbst cases, experienced scientists and engineers and/or those

. with skills beyond;the bachelor’s degree are needed.”
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" Challenges of Today and Tomorrow
+. This report reviews thé ehallenges which haye.a'lwq‘yg,conf%nted K
- man-the unknown, threats. from nature, and"social. conflict—and . -
inotes some of the ways in‘which 'science has helped. to meet thém. _
-_Pr.incipdl‘.atvt'eﬁt.ion,’ however, is focused on'the new challenge posed by

- tan’s.increasing power to shape the future, to modify, intentionally
. and unintentionally, the basie conditions of life. - '+~ . &
- Various: facets of this challenge are - discussed—population "
> growth; food supply, energy démand, mineral resbgrces, weather and

“iclimate - modification,,"and enviropmental alteration—and “major . . &7

“directions of scientific résearch needed to meet ‘these problems are
- suggested. And finally, the adequacy of present scientific knowledge |

'specific;are_as——-cancer andienergy.. e L , .

../ The problems, old apd'fnévv,-.COnsk_itu'té a formidable c'h;'g‘ll,e'ng'e' o,

‘3"_',_tl'i'ingqti_On.and t?(jgh}egw%lq‘{ Many’ of the problems are likely tp." .~ '
. eP— e . .

hetome. e%en grea Kreatsd
. domestic turmoil and“international strife. .+

L S

0

: v . L R . R LY ) : ) e
224 .»The several problems. .cogxist‘,ax]«'dﬁ -are global ip scope and .
~implication. They are also closely coupled-—changes in éne mgdifying

o othe"rs;g." Because of these jntérconnections, it is difficult to attack the

ntry aftingalone—rather than in concert with other nations—may
e BHfective.in alleviating them. T

. .The étbpe’_an’cl depth of the pr,oblems,.:their Cuincidelncéjaruld rapid

;- 'growth, "all underscore the’ sense of urgency with which  these -

*. chillenges must be confronted. - S e
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" “SUMMARY AND CONCLUSIONS o

. "',’fO{fgoping with the many problems is tested ‘dgainst the needs in two -~ « .

: ;v'_'\(_(jﬁlemszngly;_énd becfuse afstheir global nature, the effortsof one =~ " .

[

v
o

réatsdin the years ahead, possibly resultingin” = 5 -
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‘Role of Science and Technology -~ . \ o
- "science and technology, by themselves, cannot solve any of these- o

complex problems. As part; of a broader commitment and larger
strategy, however; science and technology can play a pivotal role in
"helping to alleviate many of them. But these contributions will be
néither immediate nor costless. T e

’The“b.ri_'nc'i;pal rolé of scienge and technology is ftblpr"oi/ide”r'nqré and’

,'-v-" '.be‘tv_,te‘p',options, than "are aow available for meeting the problems. -~
;"'S.Fie!mff‘cér) supply the basic knowledge required for‘understanding.
“.thee ‘8Fgins and dynamics of the problems,. for measuring their’ .
magnitudes and directions, and. for devising and assessing possible
approaches for coping with them. And technology, drawing 'upon .
scientific' knowledge;, can‘provide many. of the’ practical tools and "
techniques for attacking the problems. - B '
. Together, science a‘nc_l-tech,noilvogy‘p.rd\'/ide"th_e means for:
o Undgx."’st"a,ndi’;ng' and. me;asi.l_‘ring_.\hurxnan- needs eril"'é'nér‘gy;‘
. determining their trends and'trade-dffs;‘developin'g policies
: "o .and technologies for efficient -energy use; .assessing the
: ' "+ availability and implications of the use of potential sources of
A energy; and.developing new, energy sources. o
'A- ' o ‘Comprehending the: dynamics and’ trends of - po'pula'tjbhh"'
T ~ .growth and developing alternate means ‘of control.- S
R e Understanding disgases for'the pur'boses.of'p'rev;e‘nting-;them' .
C - - and developing improved miethods of treatment and more
: effective and efficient delivery of health services. 2 .
. e . Investigating natdral.ar@ synthetic foods and materials, their
: *.. development and- use, their: disposal or- recycling,- their
. . -efficient "use or s_ubstituiion,'- and. their'. interaction’ with
. . .human lifesty® and their change. S
" + @ " Improving the understanding of interpersonal, institutional,
oo and social problems; and developing and gauging the success
.. of alternate approaches for alleviating them,” = "

- Adequacy of Present Kriowledge -~ . .
""(‘Scien'tific' knowledge at present is* gufficignt to sustain major
research’ and development efforts i all the directions just cited:
Present understanding is adequate to help identify some of the ajor:
~-dimensions of. the problems: discussed in the report, to give general

- ¢ . guidance for formulating plans of applied research and developmentto ~
;4 ¥ attack . them, "and to -offer. some. potenti‘al’———althpugh often

- . limited—options for resporiding to the cifallenges. . . - -
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" But significant advances in knowledge are, needed .in order to
".-“understand” these, and' otheér problems more thoroughly, .and to -
* develop alternate strategies and technologies of assured effectiveness. .
Major ‘advances in virtually- all the basic and applied sciences are .
required for thispur'pose, asindicated in earlier chapters of this report.

‘o

.. 'In addition, knowledge from the diverse scientific disoiplines and" -
- applied sciences needs to be synthesized and focused on the complex of
problems discussed -earlier.- Such integration could sharpen the
- ’understariding, of the' interactions among -the problems, help to,
“identify knowledge gaps ‘and priorities. for filling them, and-suggest
directions for attacking the problems which would neither aggravate
" related problem$ nor creite serious new ones. o

- The Nation’s Research Effort - " *
.o t ) N . . . : . : "I“x.l ) . R .- . y
" Theimportantrole of science and technology in meeting themany -
.~ challenges prompts the question:.Is'the Nation’s effort in research -
/ commensurate with the magnitude and nature of the challenges? . .
* The current research effort,'we believe, is ‘ihaciequate to prepar.é.g

" _the Natior for the challenges which are now emerging and which are
* likely to. face:it in the ‘future. This conclusion is -based upon'

" consideration of these challenges inrelationship torecent trendsin the . '+

. level and direction of basic-and applied research, as shown by the. = .

“wfollowing indicators. * g - . e S
1:’ Nationalexpenditures (Federal and private) for basic research - .
- . .rose by 13 percent in current'dbllars over the 1970-74 period, - * "~
*.. 7 . butdeclined by 10 percent in constant dollars.! Over the same L
- =, .peridd, outlays for basic research by the Federal Government
T (the prime source .of such funds) increased by 6 percent'in. -

current dollars, but decreased by 15 percent in_.constant -

~dollars.2 oo

-~

. * 2. ‘National expénditures. (Federal and private) for -applied
.~ - .. research increased in current dollars by 2} percent between
RV 197%9;_74,butdeclined.'incohs;anfdolla;s'by3pe'rcent";.Feder"al
" expenditures during this period rose by 15.percent in current _
“dollats, but fell by 8 percent in constant dollars.2 i
»3. - Obligations by the Federal Government for basic.research in -
" areas. other than defense . and ".spzice—'v—lsuch as health,
ot Co;tam. ddllla'r’s,vby accounting for theeffects of inflation; reflect the actual level -
of research acti¥ity more accurately than current dollars. - :
<37 ". 2 Natidnal Pghterns of R&D Resources, National Science Foundation, U.S.-Government -
' Printin@g' Offi&q,- Washiﬁgt\?n,‘ D.C., 1975 (in press). .- -~ - :
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envi‘_ronr‘neht,‘and natural resour‘c'ésﬁgréw by 36 percent in

curretit doflars (11 percent in constantdollars) between fiscal

. years 1970-74. Obligations for-applied research in these “

- "¢ivilian” ageas increased by 64 percent in c_yrrer_\ttdoll,zx.r‘,‘s"(aél‘r

."in constant dollars).3

. " pefcent in constant dollars) over the period, whileoutlays for; -
development rose by 72-percentin currentdollars (40 percent. -

4. " Federal 6bligai'idhs‘f.of‘basig.resear'ch in the defense and space

areas.increased by 3 percent and 14 percent;, respectively, in

* - current dollars between fiscal years 1970-74; while declining

. by 14 percent and 7 percent, respectively, in constantdollars”

‘ Qutlays for applied research in defensg-related areas rose by

LS 16 percentincurrent dollars over the period, but declined by 5

percent jn tonstant dollars. Obligations for applied research

" in the space area decreased by:40 percent in current dollars.
and 51 percent in constant dollars.2 4 ° D

s

. by 20percentin current dollars between figcal years 1970-74,

whil.e-degliningcby 2 percentvin"c'onstant'dollefr-s. Obligations- "

"in this area, which are aimed at strengthening the general

. .

. percent of total Federal obligations for civilian R&D.3

" .emdge cléarly. - . Co e S

o . The level of basic _rve,séar'cl';; éh.ct'_i"'v.ity in the _Nﬂion-d_ecliné'd'jf.
" significantly between 1970-74, -as measured in constant '

' d'oll_alrs.'

- e . National ek‘pelndi‘t'ui‘esfo‘r applied.rese_arc'/deci‘éasedialéo,' -

. but to a lesser .extent'thavn for basic resear h.

base’of scientific knowledge, dropped from 13 percent to 10

\wj 5. Federal obligatiops for untargeted” ‘basic tesearch—re-.
ssearch that is not'linked with a specific problem area—grew

“\. These.data indivcat?e the complexity of réc_ent,shifté in theleveland | .
difection of the Nation’s research effort. Certain trends; however, "

‘ . Fedefal _c')b‘l:igenxti'ohsv E_or_' both bzfsic" aqd applied 'resea'fléh‘ :

" expanded in.civilian aregs-as a whole, increasing at an anfual~
_rate of about 3 percent in constant dollars between 1970-74.... -

~ . ' '
>

3 Special: analysi‘ls';p.repared from Avi “Anialysis uf'lFeiIeml R&D: Funding by F)guh’oﬁ,

this report. To that extent, cutbacks in defense and space research represent a reduction
“in efforts applicable tosome of the problems now facing the Nation. . :

il

.+ National ‘Science. -Foundation, NSF . 74-313, U.S. Government Printing Office,™ "’
_ ‘Washington, D.C5 1974, © e v L
" ¢ The general purpose research condicted as part of ‘the overall R&D efforts in.. |

* “defense and space dontributed .in significant ways. to scientific knowledge dnd-
teéhnol”ical «capability relevant to “civilian” areas, as'illustrated in.earlier chapters of
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»i;" ~ .. " These increases in,Federal obligations forresearch in civilian

. , - vaccounted for 53 percent of the total growth between 1970-
Com 74, the environment for 25 percent, natural resources for 9
enlo percent,-and energy for 8 percent. . AT

“sli
decreasing substantially as ‘a fraction of total Federal
“ obligations for <civilian R&D.~ - )

e
’ W

.+ - afeas were concentrated in'selected fields. The Field of health

‘. Fe'a'er]al leiga__tibns’ for ""untérget'éd"" basic fesearéh dgclined‘
ghtly ~ between' 11970-74." in. constant : dollars, “while-

Earlier 'ch'apéérsindi'cét;é that present and developing problems of .

<-a civilian' charalter require for their alleviation a broader base of

. knowledge than is now available; that much research is needed-to fill "
-this gap; and judging from past experience, that scientifig knowledge
and research capabilities will be needed tomorrow for problems that-

.

| " Gannot be formulated clearly today.. -~ .
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- " Application of the Nation’s Research Capability -

- to Ci\(i‘l_i)a'n Problems ~ - - - Cooxle o

" “The I\,.Iétio"n’syi ‘capab'i‘litiez .ilf",'. science .and technology :shou‘ld:‘be:_~
_thugh_t more fully to bear on'the full range of civilian problems of the s
kind“discussed 7n- this report: . population, ‘health, food; energy, . i ¢
= )mih.erlals,_.we_a_thet' and climate; and_the environment.. LT :
-+ = These capabilities; in'addition, shiould be directed to deepening .. -« -
- and expanding general scientific: knowledge th-rgugh “untargeted”, .

.. - basic research, so that thé Nation will be better prepared to meet 't
o L_mfojréégeh‘..»c}h%llenges which assuredly will arise in the future. .

RN

-+ We believe that the science and technology enterprise has the S
- . capability toincrease its research efforts effectively.in both directions. = K
.., Webelieve; further, that the Nation’s researclueffort, in both its basit

*+ - and applied aspects, should be expanded. The extent of the expanSion )
" ‘should be sufficient to.reverse recent'declines in the gverall level of -
effort and provide-for growth i the years ahead, so that e Nation
- ‘can obtain. the.unique benefits available from a viggrofts research” .

" - endeavor. . ‘ ' e L)
s i T T e .t S e e
-+ . "The success. of this effort ‘requires the participation of the
- Nation’s entire .science and te'chno‘lg'gx‘v/gj'-jtrerprise—«-—the Federal -
ediniversifies. - '

. .- Government, private industry; 4nd th

B t-'Rfo!le ofth

\

b . . .l ;.‘ v :
e Federal Government: =€

L . ) Do ) : : R .
, In the last few years the Federal Government has increased _i»t’s( s
. expenditures for research in civilian.areas such as health, energy, and
the environment. This has been accomplished under- the difficult
_condition of a declining total Federal budget. for R&D, in terms of -

. constant-dollars.: . o ST . S
S Y 1) BRI
e ' " To- ) -,v;‘b Sl ‘w?"._ e _ “ S
. ch . . e e A4 N -l : :
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o '__'i-f}sl'thdu'gl’.\'j_the«grQWth "of - civilian- research funding has been '
. ’substantial, fgrther expansiQn of - this componerit ‘of the Federal
%+ ", budget appeargto be needed—nhow and for some time into the future. - -
This applies particularly:to civilian ‘problem areas for which existing .= "
.+ *market.mechanisms and incentives for research do not exist-oraretoo.
# " weak'to e'licit-_‘th-e]n'eces"éa‘ry‘_lhc’tipn'f,r.om\'the,privat_e sector. T e

]

o .1+ The Federal Goven_*\m_ént','ih':'additjdnf, should continue to assume -
7 rajor” responsibility ;_f’orv support. of “untargeted” basic research, .
- "< "because of the broad and multipurpose uses of the results, and because .

R 'jnyéstmvent.by the private sector is limited by _thel'inability to capture; .~
the full-retur'ns-"frqu'suc_h.resea'rc-h.» T ER A R

i Greater investient in' researc

O
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" needs to come, or should come, from ithe Federal budget. Private. ~
_ ‘industry shquld‘-.prOvide ‘a siﬁnificant' part of the oveérall funding. -

through government policies, regulations, andincentivesthatcreatea . .~

‘favorable climatgfor innovation and investment. .

l’t'i;;"_“béli'e/'Véd ‘that the expanded effo'.t by 'ir.ldust'r):‘ .shoulld'-":v.'.z

‘emphasize the development of new .and ‘improved products-and.

services..and the enhancement -of. pr_'o"du'c-ti\_/ity.__'lfhesé‘ actions, -

e

.« Only a“fraction of the intrease in national research expenditures -

by the private sector could befostered . . -

combined with enlarged production capacity in-some indhisries; could -, -
help measurably in controlling inflatiori - and ,strehgthevniqgu.th‘e-' .

-

A}

. Nation’s pgsition in international trade.

P
+ 4

% The pripcipal role for the universities is in the area of basi¢ =~

Role of the University ., - . . L e

- pesearch.. These institutions .should continue - to, have . prime . .

responsibility for conducting basic research, by virtue of their unique . .
,acapa’bil-i'ties’ahc%-tr‘aditions.iri.thj"s‘area. R S
. =\ .part- of .the ‘aggregate. R&D activity of the NatiQr{_:must be
. resefved for long-term basic research that is not tied specifically to -

present problems. Basic research, by expanding scientific knowledge, -

provides optional responses to.unforeseen challenges that will arisein, .
“the " futurer ‘Such- research, in addition, supplies indispensable

" knowledge for intelligent and efficient planning and direction of the .~

rest of the' R&D effort. Inn this regard, the results from basic research

constitute the infrastructure on which ’the whole system of.innovation '
and rational management of technology is based. o
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