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Preface

The National Research Conned is, by any standard, a sizable enterprise,
with sonne 7,400 men and \vermeil serving on some 940 committees and
subcounnittees, panels and subpanels, boards and ad hoc stady groups.
Given that breadth, this initial effort to open a window into the operating
Research Council must necessarily provide only a narrow yiew.

Nevertheless, the hope is that this reportand those to follow each
yearwill be truly revealing of the nature of the institution, the issues

vat concern and often trouble its officers, and the ultimate goals of its
several parts. The documents that constitute this report inchide essays by
those who direct the National Research Council, its units, and its parent
institutions, as well as descriptions of a few of the study projects under
way in 1976.
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Scientific
Volunteers
in the
N, don 1 Service

The realization that sciencet iderstanding gained by deliberate in-
quirycan be used to improve man's condition has been significant to
Western civilization for only a few hundred years. With that realization,
our species accepted responsibility for its destiny; the question mow is
whether we can manage the world thus fashioned.

The three decades after World War Il have been a time when monu-
mental leaps of understanding were achieved in all scientific disciplines.
Profound insights, hard won by disciplined minds, illuminated the nature
of the atomic nucleus and of the cosmos and revealed the forces that
shape the earth's surface, the molecular nature of cellular life, and the
wondrous subtleties and complexities of life in higher plants and animals.
Lively imagination and rigorous treatment of evidence have permitted
reconstruction, at least in outline, of the historical evolution of the uni-
verse, of planet Earth, and of life.

Imperative to this enormous success was enlightened acceptance by
government of its role as financial patron of science. The progress of
science and, hence, the national interest require that the best research by
the best investigators be identified and supported, that priorities for
future fundamental scientific research be determined by the logic of the
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scientific disciplines (Item el che political process is indispensaIJI
the allocation of resol irCcs for these purposes and to the setting of broad
research goals and priorities, but that process should not be injected into
the seleetion of any hut the largest and most expensive research projects.

It would scou self evident that priorities um' federal programs of up-
plied research ll ol development should arise out of broad planning for the
relevant missims Of the responsible federal agencies. And, indeed, when
the. federal government is itself the intended user of the research results,
e.g., for defense or for tbe space program, the role of the government as
supporter of applied research is readily understood, as it is for agriculture,

poets of environmental protection, and medicine. Unfortunately,
the role of government in support of research that may enable develop-.
went and deployment of new technologies to sustain and enrich the
civilian economy is not equally clear. Nevertheless, such a role must
rapidly evolve if there is to be a deterrent to the continuing erosion, in
the world market, of the American lead in introducing innovative tech-
nologies.

The extraordinary expansion of fundamental scientific understanding
paralleled and, indeed, nourished a rich outpouring of new teclmologies.
Some of these, such as nitrogen fertilizer and the automobile, were the
result of successive inereinental improvements ill established technologies.
Rarer but more dramatic in their impact have been new technologies
transis tors, lasers, digital computers, herbkides, immunosuppressive
agents come to mindthat arose out of totally new and fundamental
insig,hts and that created their owl' places in the market. Of course, most
new products resulted from both processes. In myriad ways, this corm-
copia of teelmology cased, lengthened, and enriched the lives of the
peoples of the industrialized nations while contributing to a metamor-
phosis of their societies. But the time for simply enjoying these enormous
boons was extremely brief and was rapidly invaded by heightened
awareness of unresolved ancient problems and of new problems, ap..
parent ly engendered by our own technological successes .

lt has been aptly said that the time in which we live is "a hinge -f
history," a moment x.vben the veil has been removed from Our view
past and when we eau also begin to discern the forces that must shape
the future. A bewildering array of problems and questions compete for
public attention and government action, However, the extent and in-
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tensity of concern is not always Wopertlonal to the magnitude or the
problem,

However disturbing they may seem, least troublesome, for tile tang
term, will be those concerns arising from physical or biological side effects
of a useful technologye.g., a toxic food additive, a cancer-indildlig chug,
or air polInted by the exhaust emissions from automobiles, trucks, buses,
and fossil-fueled power plants, In due course, wise regulation will stalely
compel the development of economic and effective controls that -win ad-
equately protect man and the environment against such situations.

More perplexing are the unforeseen, undesirable social consequerces
of tectnologies that are judged to be technically successful. Consider those
tectnologies that, collectively, have reduced the fraction of the total
labor force required to feed, clothe, and house the rest of us, 'These have
also eliminated most unskilled jobs, decreased the sense of job sztisfaetion,
accelerated nrbauization, and, thus, ceutrilanted to such powerful social
stresses as increasing crime and deterioration of education and other
public services. Whereas new technologies may help deal -wit1 ttese
stresses, it is unlikely that they can bc successfully managed by a return
to older, less efficient technologies, liowever appealing the dream, we
cannot set back the technological clock But our society must take inn
hold of the seemingly -inexorable, unguided nature of technological
change, apparently endowed with a dynamic independent of deliberate
human design.

At a yet inure profound level of concern lies that set of relationships
occasionally called the "problernatique": grow th of the worldwide Inman
population at 2 percent per year; the increasing innubers Of individ-vals
in the developing nations whose lives are limited by their nutritional
status; the increasing child death rate from starvation; the disparity be-
tween worldwide agricultural production and worldwide food require-
nents; the limited worldwide reserves of combustible fossil fuels anod of
uranhum235 set against inevitable future increases in the cost of onelgy;
limited reserves of a host of other minerals essential to the Dim-Morn of
the worldwide economy; and the evevincreasieg burden upon the en-
vironment resulting from Mann activities. The "prthlematicice" defines
the human condi tion. It is put in perspeetin by the realization that oven if
all the land in the world now in cultivation were managed by the s tan-
dards of American agriculture, protein production per capita, svorldwkle,

1 3



nEsEA Mil rOUNCIL

Novouhl still be little more than one-half that now available to the average
American, But the effort to do so would exhaust world supplies of petro-
leum and natural gas within a decade. The amount of land in cultivation,
aind, therefore, food production, could be further increased by large-
vale irrigationbut only at the cost of yet more rapidly depleted fossil

fuel stocks and the risk of unpredictable climate changes.
Confrontation with these brutal realities will concern governme ts

for the indefinite future. The domestic tensions so generated within all
nations already contribute significantly to the accelerating disappearance
of derrycracy around the globe. The international tensions generated by
the pressures of the problematique are heightened by the new aspirations
of the citizens of the Third World, reinforcing those tensions that already
threaten one day to detonate the world stockpile of weapons. Hence, the
concern for the ever-increasing sophistication of conventional (sien
vveapons. Hence, the concern for the growing nuclear arsenals of thc
superpowers, and for the increasing number of nations that now have
nuclear weapons. Hence, the concern for the proliferation of nuclear
power technologies, including those for the separation of uranium-23
from i ts isotopes, which is certain to expand the number of additional
cations that may be expected to possess nuclear weapons.

Much attention has been attracted by mathematical models of the
futore world economy, models that suggest that immense catastrophe
must be the outcome of simple extensions of current world trends, And if
there is no thoughtful, calculated, major intervention, that may prove to
Le true. For the present, however, a counsel of despair seems premature.
Conceivably, the principal problems have been recognized in sufficient
thne; imaginative application of human talent and of the peat body of
kowledge already in hand or obtainable by the scientific method may
yet permit realizatim of the golden dreams of a better tornorrow that
lave stirred In man's brain since Prometheus stole fire from the gods.

The immense political problem for nations is to maintain a stable
society with a full measure of education, equity, social justice, and indi-
Nidnal freedom while charting a course to a highly technological world
in vvhich human beings, in equilibrium with their environment, can enjoy
rich, meaningful lives.

Science and science-based technology have lengthened, eased, and
cuddled most human lives, concomitantly exchanging the hardships and

1 4
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lia2arcls of the ignorant, primitive human condition for the more complex

la2ards that must now he confronted. To cope with these problems we
have greatly strengthened resources of trained manpower and the wealth
of new knowledge provided by the scientific endeavor of the last few

decades. Whilst science may well have contributed to the decreased
manageability of the current world, few would disagee that science, the
very best of science, is imperative to the task of establishing a viable,
stable balance between a lively, decent, human civilization and the
resources of planet Earth,

Accordingly, government programs of research and development,
government policies for the wise utilization of technology, and govern-

ment participation in the international relationships that will be fashioned
by the realities inherent in the problematique must increasingly rest on
sound, analytical studies performed by persons highly knowledgeable
with respect to science and technology. The challenge is to enable the
government to draw continually upon the expertise and intellectual re-
sources distributed through other institutional components of our pluralis-
tic society, but without -unduly altering or controlling those components.
That challenge must be the principal charge to the National Research
Council,

THE NATIONAL ACADEMY OF SCIENCES

As the American scientific and technological enterprises grew, their in-

volvement with government necessarily increased---for example, in ex-

ploring the continent and mapping its resources, arming the military
forces, and safeguarding the public health. The proliferation of science-

based federal agencies is evidence that stpport of scientiCe research and
application of its results are, increasingly, a principal business of govern-

ment. Accordingly, the Congress and the executive branch have long
acknowledged the need for advice from competent scientists in order to

assure the quality of the many decisions that must be made in giving
direction to these diverse technical enterprises. A major step toward

meeting that need was taken, more than half the life of the Eepublic ago,

when President Lincoln signed the Congressional Act that became the
charter of the National Academy of Sciences. Part of that Act follows:

15
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SEe, . . and th,.: said corporation hereby constituted shall have power
to make its own organtion, including its constitution, bylaws, and rules
and regulatiom; . .; to provide for the election of foreign and domestic
members, the division into classes, and all other matters needful or usual in
such institutions and to report the same to Congress.

SEC 3. . . . and the Academy shall, whenever called upon by any de-
partment of the Government, investigate, examine, experiment, and report
upon any subject of science or art, the actual expense of such investigations,
examinations, experiments and reports to be paid from appropriations which
may he made for the purpose, but the Academy shall receive no compensa-
tion whatever for any services to the Government of the United States.

CAMUSHA A. Grow
Speaker f the House of Representatives

SOLONLON FOOT

President of the Senate pro ternpore

Approved March 3,1863
AnnAiimtr LINCOLN, President

With those words, the National Academy of Sciences was set Upon
the path of public service. As an Academy, a principal function, under
Section 2, has been to recognize, by election to membership, those indi-
viduals who have made unusually distinguished contributions to scientific
understanding or its application. The principal concern of the Academy
is the dispassionate pursuit of truth, a pursuit which the Academy shares
with universities. The obligation upon the Academy is to forward the
progress of the scientific endeavor by diverse means and to assure that
scien tific understanding and technical capability are impartially utilized
for the common weal, an obligation shared with the government.

Over the succeeding century a small fraction of all natural and social
scientists, physicians, and engineers has been honored by election to
membership. Since World War I, the preponderance of those elected
have been natural scientists engaged in fundamental research, with lesser
numbers of individuals whose careers were in applied research or de-
velopment, as in engineering, agriculture, or medicine. The need for
competent social scientists, clinical investigators, and engineers to help
manage the affairs of the National Research Council resulted in the
decision, in 1972, to elect to Academy membership significantly increased
numbers of such individuals. 'The disciplines represented within the
Academy are now so diverse that the membership is organized into

Fi
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twenty-five disciplinary sections in order to facilitate the election process.
However, in general, the values of students of the natural sciences still
predominate in shaping Academy affairs. Indeed, the social scientists,
clinicians, and engineers elected to membership are frequently those
whose interests, attitudes, and intellectual accomplishments have been
rather like those of natural scientists and mathematicians. Inevitably, the
election process has at times overlooked scientists whom history will
judge incontrovertibly to have deserved election. In the main, however,
the process works reasonably well; over the years, members of the Acad-
emy have most certainly provided a very large share of the intellectual
leadership of the American scientific endeavor.

THE NATIONAL RESEARCH COUNCIL

The National Academy of Sciences exists sui generis. It is a private insti-
tutión with a congressional charter that grants to the government privi-
leged access to the capabilities of the Academy complex; conversely,
although a private body, the NAS, by tradition, has a somewhat special
relationship to the government.

Many advisory bodies have been created by individual government
agencies that they then serve; each such advisory body, when it so func-
tions, is itself part of government even though its members are drawn
from private life. In contrast, the Congress created the Academy as an
entity to exist at a remove from government, not to serve one agency,
but "any department of the government. . . ." Accordingly, the Academy
has evolved an organization and a set of procedures by which the in-
tellectual resources of the entire national scientific community are made
available to the processes of government, yet remain independent of the
government and of its agents while offering knowledge and technical
judgmen t in the public interest.

Between 1863 and the outbreak of World War I, requests to the
Academy from the government, under the terms of Section 3 of the
Charter, were significant but rather infrequent. Recognizing the likeli-
hood of an increased level of such activities upon the entry of the United
States into World War I, and desiring to serve more efficiently and
effectively during that crisis, the Academy brought into being an organi-
zational arrangement called the National Research Council ( the NRC)

1 7
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. . to promote research in the mathematical, physical, and biological sciences
and in the application of these sciences to engineering, agriculture, rnedidne,
and other useful arts, with the objective of increasing lmowledge, sten
ening the national defense, and of contributing in other ways to the public
welfare. . . The National Research Council shall serve, whenever possible
and desirable, as the principal operating agency of the National Academy of
Sciences, furnishing professional and research advice to governmental and
other organizations and administering such funds that may be entrusted to it.

On May 11, 1918, by Executive Order Number 2859, President Wil-
son recognized the outstanding performance of the NRC during the Wax
and requested that the Academy perpetuate the Nac. Today, the Nric
remains the principal mechanism by which the institution performs these
services mandated in Section 3 of the Academy Charter.

For most of its history, the NIIC was a membership organization,
consisting of the representatives designated by a multitude of affiliated
scientific and professional societies, together with a limited number of
representatives of appropriate federal agencies. The members were orga-
nized into divisions, each of essentially disciplinary character: physical
sciences, mathematical sciences, chemistry and chemical technology,
medical sciences, earth sciences, biology and agriculture, behavioral
sciences, engineering.

Each study project undertaken by a given division, usually in re-
sponse to a request from a federal agency, was the responsibility of either
a standing committee or an ad Itoc committee appointed for the purpose.
Reports from the "NAs/ me were the reports of those committees.

The genius of the NRC idea was that it permitted the Academy to tap
for service those scientists, anywhere in the nation, most competent and
knowledgeable with respect to the particular problem at hand, At any
given time, only a small fraction of the thousands of scientists, physicians,
and engineers so serving were members of the Academy; yet this ar-
rangement, which placed the entire national technical community at the
service of the federal government, was at all tines guided by the scientific
standards of the Academy membership.

The National Research Council was particularly instrumental in as-
sisting the government in organizing the emergency scientific and tech-
nical efforts in both world wars. After the second war, involvement of the
government with technical matters expanded and deepened; national

18
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expenditures for research and development climbed, Concomitantly, the

government's appetite for technical advice grew rapidly, and a host of
advisory mechanisms was invented to satisfy that need.

Those mechanisms continue to evolve. Thus, congressional commit-
tees have traditionally utilized the hearing process as their major means
of gathering information and advice on technical matters. But the growing
sense of the inadequacy of this mechanism, for this purpose, contributed
in large measure to the recent creation by the Congress of its own Office
of Technology Assessment, Within the executive branch, advisory xneetia-

nisms ri proliferated. Yet, despite the extent and diversity of their
advisory struetes, goverment agencies have increasingly turned to the
"xAsh-nic" for assistance.

Unlike the circumstances of the distinguished Academies of the
European nations, no provision was made by the Congress for a minimal
financial subsidy of the Academy simply to assure that it is in being and
available to respond "whenever called upon," Nor, when the Nruc was
perpetuated by the Academy at the request of President Wilson, were any
funds provided to assure that the Nnc would, indeed, continue to exist.

Upon receiving a request from a government agency, the Academy re-
ds by making a "proposal" to that agency. That proposal may accept

or modify the originally posed question; it must propose a budget and
describe how, in general, the NRC Mill go about the study project. If the

proposal is accepted by the agency, a contract for cost reimbursement is
then written. The contract provides for neither a fee for service for the
Academy nor fees for service by the volunteers who serve on the NRC
COMIllittees.

Over the years, the generosity of a number of donors, p rticularly
major philanthropic foundations, has provided an endowment that now
yields an annual income of which no more than about $250,000 is po-
tentially available for support of individual study projects in the style
of the muc. Hence, to undertake a new project on its own initiative, an
NBC camnittee has usually' bad first to seek external fundinga severe
handicap to a volunteer group. For lack of a base of stable funding, role
committees have operated largely in a responsive mode, undertaking
studies on the request of the government; only rarely has a committee
been able to undertake, on its own initiative, a large, comprehensive study

of a major question,
1 9
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The evolution of the National Research Council and, particularly,
its recent reorganization have been conditioned by the presence at the
Academy of two other membership organizations. In 1964 the Council
of the MAS created, as a semi-autonomous body within the corporate
entity, the National Academy of Engineering (NAE). The NAS has tradi-
tionally elected to membership engineers of unusual distinction in the
design and development of innovative technologies, and numerous engi-
neers have participated in the work 'of the Division of Engineering of the
Niic. Election to membership in the NAE is based on a broader interpreta-
tion of the role of engineers in American society than that utilized in con-
sidering candidates for election to membership in the NA&

The programs of the NRC'S Division of Medical Sciences were, tra-
ditionally, focused on the scientific basis for improving the capability of
medicine to prevent or alleviate disease. Recognizing the need for an
organizational entity designed to perform intensive analyses of the prob-
lems confronted by the nation in providing medical care to its citizens and
to assist in the development of appropriate national policies, the Institute

Medicine (tom) was brought into being by the Council of the NAS
in 1970. The diversified membership of the um includes not only phy-
sicians but also practitioners of the many other disciplines that can con-
tribute to the formulation of health care policy,

Reorganization Ji the National Research Com

The NliC was reorganized in 1973 for several rea

1. To provide an effective governance in which the Councils o
AE, and the IOM could all participate.

2. To terminate the concept of "membership- in the NBC. Liaison
would still be maintained with scientific and professional societies, but the
latter would no longer name representatives to be responsible for the work

12 of the NBC, a long outmoded concept. instead, there would be markedly
increased participation by members of the NAS, the MAE, and the ION: in
the governance and work of the Nac.

3. To strengthen the major organizational subunits of the NRC and
nsfer to them much of the responsibility for initiatives and decisions

°ruing their agenda.

2 0
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4. To generate organizational structures appropriate to the con
of large multidisciplinary study projects.

5. To facilitate the institution of a set of quality controls for the
entire enterprise.

let

The major a( ministrative units of the restructured NBC are now as
follows:

Assembly of Behavioral and Social Sciences
Assembly of Engineering
Assembly of Life Sciences
Assembly of Mathematical and Physical Sciences
Commission on Human Resources
Commission on International Relations
Commission On Natural Resources
Commission on Sociotechnical Systems

The Assemblies, like their predecessor Divisions, are organized along

disciplinary lines. They arc intended to promote progress in their con-
stituent disciplines and to address those societal problems that can use-
fully he considered along disciplinary lines. Each Assembly has an execu.
tive committee of 15-20 members, of whom at least half are drawn from
the appropriate sections of the NAS or from the NAE, The President of the

MAE is Chairman of the Assembly of Engineering; the Chairmen of
the other Assemblies are members of the NAS, appointed by the President

of the NAs and approved by the NAs Council.
The creation of the NRC Commissions recognizes that many of the

problems of American society cannot be neatly placed into disciplinary

packages. The larger problems that increasingly engage the NRCbe they
research needs for increasing food production and alleviating malnutri.

more effective ways to manage our environment, or appraisal of the
future of nuclear energycan be usefully addressed only hy 13

dplinary bodies, i.e., mixtures of natural and social scientists, engineers,
physicians, attorneys, industrialists, and others. Each Commission, there-
fore, consists of 15-20 members, at least half of whom are drawn from
the memberships of the NAS, the NAE, and the Km, and comprising a
mix of disciplines appropriate to the work of the specific Commission.

21
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The Institute of Medicine is unique in this structure. It is both an
elected membership organization and part of the advisory apparatus of
the Academy complex. The elected Council of the tom plays the same
decision-making role as the Commissions, subject to approval by the
Governing Board of the NRC.

The Governing Board has thirteen membersseven from the NAS

Council, four from the NAE Council, and two from the Tom Council. The
NAS president is Chairman of the Governing Board, and the NAE president
is the Vice Chairman. (Appendix C lists the members of the Governing
Board and the members of the various Councils. )

About 50,000 persons have participated in voluntary activity within
the NRC in the years since World War U. Together with the memberships
of the NAS, the NAE, and the tom and the institutional staff, they con-
stitute an elaborate, sophisticated network for the identification of those
individuals with the special talents, competence, insight, and wisdom
that may be required for the future advisory work of the Nuc. A principal
purpose of this first annual report of the National Research Council is
to indicate to the American people and to the legislative and executive
branches of our federal government that this carefully constructed, in-
tellectually powerful consultative arrangement, unique in all the world,
stands ready to be of service -. . . whenever called upon . ."

Some Statistics

Miring the year ending on June 30, 1975, the e were 560 com ittees,
hoards, and commissiOns within the National Research Council; their
functioning required the existence of an additional 378 panels, subcom-
mittees, and other subgroups. Approximately one-sixth of these commit-
tees and subunits had been brought into being during the previous year,
replacing a slightly smaller number that had completed their tasks and
were discharged during the same period, All told, nearly 7,400 different

14 individuals served in approximately 9,325 "slots within all of the units
of the National Research Council during that year.

Members of the National Academy of Sciences, the Na tonal Acad-
ly of Engineering, and the Institute of Medicine constitute 90 of the

133 persons serving on the Executive Committees of the Assemblies and
on the Commissions. As of June 30, 1975, 195 members of the NAS, the
NAE, or the tom were serving in the report review system, which exists

22
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apart from the structure of the NRC proper. In all, a total of 611 members

of the NAS, the NAE, or the Kmapproximately one-third of their member-

shipserved the NRC during the year.
The critical unit of the National Research Council is the individual

serving on a study committee. The contributions of the 50,000 vohmteers
who have served the isrric in the last three decades constitute a huge,
loving, generous gift to our country,

What Questions Shall Be Addre.sedP

Each year every Assembly and Commission submits to the NRC Governing

Board a program plan for the work it expects to undertake in the coming

12 months. In developing that plan, the Assembly or Commission must

evaluate the totality of its activities and examine whether the committees

of that unit are addressing the most important relevant questions. In the

same light, the program plan is reviewed by the Governing Board.
Most study projects undertaken by the NRC have been engendered by

specific requests from agencies of the executive branch, or increasingly,
by the Congress. The staff of the NRC has usually had opportunity, by
negotiation with government officials, to assure that the right question has
been asked and stated in acceptable form. Occasionally, however, an

NRC committee has been frustrated by a request to address a question
that seems too narrow or an insufficient fragment of a total problem.

With the newly reorganized NRC now in place, it is expected that an

increasing fraction of its activity will be self-generated. However, it re-

mains to be seen whether the neeessary funding can be obtained when
projected costs of a comprehensive study of some sharply focused major
question are comparable to, for example, those of the current studies of
world food and nutrition (page 170) or of the future of nuclear energy
(page 29). Yet, conduct of such studies, addressed to long-term problems
that must be managed on a time scale much longer than that of the
normal political process, should be a principal role of the Nnc, as distinct 15

from that of in-house advisory mechanisms of the government,

Who Serves on NRC Study Coln? t s?

The role of an NIIC COMMittee is to clarify and narrow the issues when-

ever possible, to bring forward all relevant information, to appraise exist-
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ing questions and raise new ones, to formulate necessary research, and
to indicate available options and their consequences. In gathering a com-
mittee to undertake such a task, access to the entire national technical
community is the principal asset of the NEC. An invitation to serve on an
NEW committee is generally welcomed as a mark of high distinction.

Committee appointments are generally proposed by the chairman of
the Commission or Assembly in consultation with members of his unit
and frequently with other units of the NRC. The proposed slate of com-
mittee members is reviewed by a special office within the Executive
Office of the Nation 1 Research Council to ascertain that

Appropriate sources, within and outside the NRc have been con-
sulted concerning the selections
The proposed individuals are indeed highly qualified to address
their common task
The required areas of competence are appropriately rep esented
There is meaningful geographical balance
Within the entire NBC, there is steadily increasing utilization of
women and members of minority groups
Each year, more young scientists are introduced in _ such com-
mittee work

The same office is responsible for oversight of the process whereby
the institution attempts to avoid improper intrusion of bias into the
deliberations of its committees. The primary instrument utilized for this
purpose is a form entitled "On Potential Sources of Bias," a copy of
which is provided as Appendix A. Whenever the nature of the subject
matter suggests the desirability of utilizing this form, all members of the
committee are requested to complete it. The appointment process is
regarded as complete only after it has been determined that the proposed
appointments would not prejudice the outcome of the committee's efforts.

16 Instances of conflict in consequence of personal financial interests
have been extremely rare. The problem of "bias" can be much more
subtle, involving, for example, an individual's public stance on the sub-
ject to be considered. Of course, opinion tends to divide on major ques-
tions; and, occasionally, the scientific community may be seriously
polarized as it has been, for example, with respect to the future of
nuclear energy. It has seemed wise to avoid appointments of individuals

2 4
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who have publicly taken extreme positions, and the "bias form" helps us
to accomplish that. However, attitudes not publicly expressed are not
revealed by these forms. It is the task of the committee chairman and
of the NRC staff to become aware of these attitudes and to ensure that
the committee is adequately balanced so that its judgment will be free of
any systematic nonobjective influence.

In a matter of public controversy, an NBC report will usually con-
stitute but one element in public decision making; the diverse attitudes
and value system of our complex society must have full opportunity to
affect decision making after the technical report is available.

It is occasionally argued that the reports of NRC committees
would be "more credible" were there "representatives of the public" on
the committees. However, NRC reports are technical reports, and NRC
committees consist largely of technically trained people with competence
relevant to the subject matter. The reports are intended to be free of
values, except for that one value upon which there is absolute insistence:
rigorous adherence to the truth, insofar a truth can be determined.

The Bedew Process

The Nac is not a collegial organization. When the NRC agrees to a task,
the institution, collectively, accepts responsibility for the resultant re-
port. This responsibility is exercised in the discussions that determine
the actual question to be addressed, in the care with which the study
committee is constructed, and in the work of the staff in bringing all
necessary materials to the committee's attention. When the committee's
work is complete, it is imperative that the institution satisfy itself of the
quality of the report. This is accomplished by a review procedure, the
standards for which are established by the Report Review Committee.
Each Commission or executive committee of an Assembly must satisfy
itself that its own reports meet those standards. In addition, at the dis-
cretion of the Report Review Committee, about 15 percent of all reports
are examined by an ad hoc panel of reviewers especially assigned by the
Report Review Committee from among a standing panel of members of
the Nits, the NAE, and the Km. Such a second review is made when the
subject is a matter of public interest or controversy, when the report
contains significant recommendations for public policy, when it is felt
that th6'report should be reviewed by persons whose disciplinary back-
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ground and interests differ markedly from those of the authoring orn.
mittee, or when the Report Review Committee is concerned, for any
reason, about the quality of the report. (See Appendix B for instmctions
given to reviewers by the Report Review Committee.)

This second review normally results in a rather detailed commentary
to which the authoring committee is obliged to respond. The report
rnay be released only after satisfactory completion of this process. This
review system has 'been in place for several years. Although it is not
foolproof, it does work very well. We are unaware of any other organiza-
tion that goes to equal lengths to assure the quality of comparable
reports.

Public Access

Iu 1975, by formal adoption of an institution-wide policy, the process by
which raTc study projects are conducted was opened to the public in
several ways:

When a new project committee is established to address a matter
of public controversy, that committee is encouraged to hold public hear,
ings for the receipt of relevant information and views,

After a report has passed through the normal review procedureS,
copies may be made available to interested, knowledgeable individuals
and organizations, and a special public meeting may be convened for
discussion of the report and questioning of the authoring committee. A
summary of the proceedings of this meeting will become part of the
public record.

Other than the few repor s classified for security reasons,
Imes become public documents shortly after their transmittal to the
requesting agency. At that time, a file containing copies of documents
and information made available to the committee during the course of

18 i ts work will be opened to public inspection.

Advice in Red Time

The advice transmitted by the institution to a requesting federal agency
is generally presented in a formal report that can then be judged on its

2 6
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merit by the agency and by the interested public. A principal t- pose
of the Federal Advisory Committee Act was to eliminate opportunitics
for unmonitored advice to be privately given to government officials by
formally constituted cmnmittees, with no record available either of the
process or of the advice given. Although that httv is not applicable to
the Academy as a private organization, nevertheless NRC committees,
also, should not tender private, confidential advice to federal agencies.
Nor do they.

The NRC, the Academy, and the Federal Government

The National Research Council stands today as perhaps the most po er-
ful technical advisory apparatus available to any government in the
world. Yet, uniquely, the Nat.: is neither part of the government nor
controlled by it. That independence, together with the confidence of the
scientific community, constitutes the institution's greatest strength; the
arrangement is uniquely American.

Over the years, there have been varying perceptions of the nat
of the legal relationship between the Academy and the government.
The official Govermnent Organization Manual lists the Academy among
a handful of "quasi-official agencies," but neither defines that relation-
ship nor specifies its implications. Occasionally, particularly during World
Wars I and II, the Academy has seemed to function as if part of the
government proper. Indeed, occasionally, Academy officers have deliber-
ately fostered that viewpoint. But a series of formal decisions has affirmed
the essentially private nature of the institution. In a test of whether
recent extensions of the Government Procedures Act should be applied
to the Academy as "an agency of the government within the meaning
and intent of the Federal Advisory Committee Act," the US. District
Court for the District of Columbia held that the Academy does not par-
take of the normal properties of a government agencyhaving no deci-
sion-making authority, no policy-making authority and no enforcement
authorityand that those laws, rules, and regulations that Congress has
established to prescribe the behavior of agencies of government do not
apply to the Academy.

Still, the Academy surely cannot be considered an ordinary "not
for profit" corporation. The Academy's charter at once defines the nature

27
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of the institution and stipnlates that its nnique rem nade avail-
able on request to the government.

But the charter also stipidates tlitt "the Academy shall receive n
compensation whatever for any services to the Government of the United
States." Accordingly, when the Academy was created, no funds were
provided by the government to assure its minimal existence; the initial
expenses were defrayed from the private pockets of the founding mem-
bers. A headquarters location was provided to the Academy for sixty
years by the Smithsonian Institution at no charge to the Academy. As
the result of a few modest bequests and several generous grants from
major philanthropic foundations, the Academy acquired its present head-
quarters building and an endowment, the principal ol which, at this
time, is only one-third the size of the annual operating budget. It is
payment of the indirect costs associated with the direct costs of the
study projects that provides the financial means by which the Academy
assures that the NBC does indeed exist so as to be responsive to the
government. Unfortunately, that somewhat precarious existence is ap-
preciated only with difficnity and, occasionally, engenders resentment in
officials both of the diverse federal agencies with which the Academy
contracts to provide services and of the philanthropic foundations.

Much more rational and desirable would be a markedly larger
endowment income or an annual and assured subvention analogous to
endowment income, from the government to the Academy, in an amount
snificient to assnre the basic existence of the Nation'al Research Council
and independent of funds provided by direct contract. A government
subvention of this character, to assnre the stable existence of this in-
valnable advisory arrangement and to enable a modest level of self-
initiated studies, would be acceptable only if ironclad guarantees were
provided of freedom of the Nac from govenmient control. That this is
feasible is evident in the legal arrangements for various government-
financed corporations. It is also suggested by the fact that the Royal
Society of London and the Academies of Science of numerous European
countries receive substantial annual operating subventions from their
governments even in the absence of any obligation to provide advisory
services of the kind available to our government through the National
Research Council.
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What Are the. !Alai vat of the Nitc?

The requirement of government for advice on technical matters will
continue indefinitely. That advice will flow from the Nnc as well as the
governmental advisory apparatus lodged in the agencies of the execu-
tive branch, in the White House itself, and in Congress. The essential
resource for all these groups is the American scientific and technkal
community. Our experience indicates that in some problem areas a very
large number of the truly useful and knowledgeable individuals have
already been commandeered for Nnc service. Thus, the principal limita-
tions on the total size of the NBC are certainly (a) the size of the corn_
petent technical community available for such service and (b) the maxi-
mum size of NEC committee structure and staff compatible with the
peration of the quality controls that now exist. In a general way, the

entire structure could perhaps double without exhausting the capability

controls. But, as a nonprofit organization designed only stsoarsyerVilelaltihetY
of the scientific community and before breakdown of nece

nation, there is no motivation within the Academy to seek such growth,
which brings with it only additional management responsibilities.

Scope Of the NBC P _gra

The diverse program Of the NRC reflects the richness and variety of the
national effort in science and technology as well as the compltety

(ftemporary American civilization. NBC committees are curren yxigrap);"-
with such questions as: By what approaches can one hope to decelerate
the growth of the world population? How can research increase world
food production? How accurate are present estimates of national and
worldwide reserves of fossil fuels, uraninm, and the principal minerals in
the world economy? What can one reasonably say concerning the fotMe
of nuclear power?

But most committees are engaging less global, more mundane mat,
ters, such as: What is known about the toxic effects, if any, of chronic
exposure to the materials in automobile emissions? Are there data that

permit setting of standards of permissible concentrations of diverse chervil_
cals in drinking water? What will nAnT do to the economy of the tay

2 9
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Area? Does the research program of the Veterans' Administration con-
tribute to the quality of medical care in vA hospitals? Can one project
national requirements for various types of biomedical investigators for the
future? How should payments be made from Medicare to doctors working
in teaching hospitals? Is more research needed on the chemistry of coal?
Would manatee breeding open clogged tropical waterways while increas-
ing the supply of "meat"? What research would improve the economy and
performance of the U.S. merchant fleet?

Meanwhile, other committees select the most qualified applicants for
NSF fellowships or for assodateships in U.S. Government laboratories, plan
the U.S. program for the International Geodynamics Project, recommend
the future scientific program of the space agency, and design the organiza,
tion and program of a Solar Energy Research Institute. Yet others ask
whether the federal program of research on manpower programs has been
sufficiently constructive; plan programs of mutual research with scientists
in the countries of Eastern Europe; manage the program of scientific
exchange with the People's Republic of China; plan one of various inter-
national scientific congresses; worry about the effects of continuing cli-
matic change upon future agricultural productivity, or about the effects
of halogenated hydrocarbons on the concentration of ozone in the strato-
sphere and what that may do to the incidence of skin cancer; consider
how to build a better road or house or office or subway trainand so on
and on in a bewildering, hectic, exciting kaleidoscope of problems, puz-
zles, controversy, discovery, learning, and service.

The Nuc is a sorting machine that selects from the multitude of pri-
vate and public institutions of the nation, from its many regions and cul-

tures, an assemblage of individuals of differing talents, knowledge, and
experience, calls the ensemble a "committee," and confronts it with a
challenge.

In the chapters to follow, the principal officers of the institution offei

their views of the scale, scope, variety, and national significance of the

29 programs of the National Research Council.

PHILIP HANDLER
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Engineering
and the
Golden Affe

In several respects the 1940s through the 1960s was the golden age of
science and engineering. During this period there were many spectacular
advances across the full spectrum of the sciences, technology, and engi-
neering that resulted in new industries, spectacular new systems and

tional programs of great significance. In science we achieved an under-
standing of the molecular basis of genetics, with profound consequences
to life on this planet. In technology we witnessed advances in high-speed
fluid mechanics, gas turbines, navigational guidance, and computation.
These culminated in engineering triumphs of astonishing complexity as
new science and technology fed advanced concepts in system engineer-
ing, We saw the development of nuclear weapons and power; ballistic
missile systems; sophisticated space systems, both manned and unmanned;
new concepts in transport aircraft; and advanced communications and
in formation-processing systems.

The golden age was partly motivated by national fears: fears of a
missile gap, a space gap, and a prestige gap. There was strong financial
support for technology by the Congress with consequent effects on all
levels of our society. Exponential growth of scientific and technical pro-
grams occurred in Our universities, with resultant large increases in num-
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hers of graduate students and size of faculties. This expansion attr cted
many of our best young ninds who on gradttation continued the tech-
nological momentum of the golden age.

The euphoria experienced during the golden age of science and 014-
neering ended in the early 1970s. Certainly, a major c ement was national
concern with the Vietnam war; but primarily it was a grow;ng concern
Over the question of where the technological advances were leading the
(ninth y, There were serious concerns over pollution of our environment;
we were faced with the stark reality that our energy demands could Dot
grow indefinitely if we were limited largely to fossil fuels. An economic
recession and inflation brought all of these problems into high relief. It
seemed that many of the great technological successes of the golden age
had no immediate relationship to those real problems of the world, and
ts a result science, technology and engineering became suspect. Many of

oor brightest young minds turned away from science and engineering and
looked elsewhere for challenges and new fields to conquer.

In short, there was a growing realization that the application of high
technology, which was leading us into increasingly complex and costly
systems, had to be constrained to fit the real needs of society as well as the
real requirements of economics, energy demand, and environmental im-
pact. Awareness of these factors gave impetus to the concept of tech-
nology assessment, which added a new and significant element to the
research and development process. Today the challenge to engineering is
very real, but the system designer must concern himself with societal fac-
tors of increasing complexity. This is the new dimension facing the science
and engineering community, The National Academy of Sciences and the
National Academy of Engineering must help in achieving national under-
standing of this phenomenon and in facilitating the readjustment that is
necessary in the university, industry, and government.

A most disturbing aspect of this readjustment, aside from the fact
already mentioned that able students are turning away from science and

26 engineering, is an overcorrection in effort from high technology to broad
societal programs. There is concern among technologists about a resultant
loss in creativity and innovative spark that characterized and made pos-
sible the remarkable advances of the golden age. There must be a sensi-
tivity to the needs and constraints of society; but this must be gained in
a sensible and reasonable way that will not dampen the creative drive of
our budding scientists and engineers.



ENGINEEIINC IN THE GOLDEN AGE

An irony of our e a is that technology, which was bred through the
cooperative efforts of the science and engineering communities and which
bas produced a previously unsurpassed quality of life, is often faulted for
degrading that very qnality of life. Yet it is only through the further appli-
cation of technology that the ills besetting an industrialized society can
be alleviated. Technology has so shrunk the world that the concerns of
one nation may come to assume global proportions. And virtuOy all
societal problems today require technology and engineering for their
amelioration.

The great advantages that accrued to this country during the golden
age, measured in technological progress, balance of payments, or im-
proved way of life, must not be lost. Our scientific and technical lead
must be maintained, and our engineers must continue to develop new
systems concepts in which the social and environmental constraints are
recognized as important elements. If we lose our edge in creativity and
innovation, the leadership that we have enjoyed will surely pass into other
hands.

These are difficult and complex issues, and they are fully recognized as
such by the National Academy of Engineering. Members of the NAE,
engaged principally in the technical programs of the Assembly of Engi-
neering, the Academy's operating arm within the National Research Coun-
cil, are focusing their broad engineering talents on many major and diverse
problems, such as the world food shortage, our energy problems, environ-
mental issues, application of space technology to national needs, and im-
provements in aeronautics, transportation, communications, and other so-
cial systems. There is no dearth of problems demanding solutions, and thc
challenge to our creativity and ingenuity is at least as great as it wu dur-
ing the golden age.

One of the most complex issues facing us today is the role of inven-
tion, innovation, and transfer of science and technology in new industrial
ventures. Many university programs have been reoriented too far away
from these roles of science and technology.

Brilliant young scientists and engineers working in a favorable envi-
ronment provided great advances in air transportation, including aircraft,
propulsion, and air traffic control systems; in electronic digital computa-
tion; and in communications and information processing. These products
of high technology came from creativity and innovation in a,climate that
allowed new venture capital to support transfer of new technologies to the
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industrial world. This emerged many new echnology-intensive industries
th t made significant contributions to the nation's progress.

The dampening influences that marked the end of the golden age
have brought into sharp focus new and important challenges that must
be faced now and in the future. The concerns of society must continue to
be recognized as valid constraints; but in recognizing them we must guard
against altering the conditions that nurtured the creativity and innovation
that was o important to our progress in the past. Today we see the results
of these constraining factors in lie changing character of some university
programs and engineering faculties, in the loss of graduate fellowship
support, and in a decline in the interchange between industry and the
engineering schools. Beyond this, we also feel the conStricting influenee
of some governmental regulatory actions that impede the flow of new
ideas through channels of technology transfer into the economic life of
this country. If these key issues are not resolved promptly, many of our
lesser concerns may well become academic.

In summary then, this country has recently emerged from a golden
age during which science, technology, and engineering experienced ex-
ponential growth and produced a flowering of new concepts and majestic
systems. A great deal of the motivation for this progress came from deep
national fears of certain capability gaps. Most of these fears have now
dissipated, and the country is facing new issues closely aligned with
present-day problems on earth.

As we look to the future, it is incumbent on the Academy and its
members to identify emerging areas of concern; to exercise leadership by
defining the relevant issues; and to take appropriate action toward their
resolution for the benefit of society.

Engineering prospects are alive and well. We are faced with many
w problems that can excite the young minds of our country. But as we

lay on each new constraint, we must ensure that we are not stifling the
driving factors that have, in large measure, been instrumental in moving

98 this country to the prominent position it enjoys as it approaches the
two-hundredth anniversary of its founding.

COU1ITLAND D. PERKINS
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N C EAR AND ALTERNATIVE ENERGY SYSTEMS

The NRC has been asked by the Energy Research and Development
Administration (EnnA) to undertake an 18-month study of the nation's
energy future, between 1980 and 2010. The study will consider a broad
spectrum of possible sources of energy, recognizing the importance of an
energy supply adequate to assure the well-being of society, but keeping
in mind also the socioeconomic, environmental, resource, and human costs
associated with energy production and consumption. In particular, the
study will examine the range of issues surrounding the use of nuclear
power in the context of both the probable needs for and the availability
of alternative energy sources.

The issues are complex. Energy policy cannot be considered as iso-
lated from domestic societal or foreign policy goals. Further, many energy
issues have major uncertainties associated with them. For example,

The U.S. resource base, primarily for offshore oil, natural gas, and
fissile fuels, is highly uncertain.
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a The mix of energy supply systems that will be required in the
future depends upon an uncertain future rate of growth of both total
energy requirements and electricity use.

The rate and effectiveness of conservation efforts are not fully

known and depend both on advances in technology and on changes in

institutional arrangements.
The time required to make advanced technologies available, in-

cluding the breeder reactor, coal-conversion options, and solar, geo-
thermal, and fusion power, is dependent upon the level and focus of R&D

expenditures and the time and effort needed to overcome technological,
economic, and environmental uncertainties.

Thus, while the study will focus on the future role of nuclear power,
a valid analysis can be made only in the context of a critical examination
)f total energy needs, alternative energy technologies, and the full spec-
trum of socioeconomic, environmental and human forces that determine
energy supply and demand. With diminishing domestic supplies of petro-
leum and natural gas, all possible alternative energy supply options must
he considered. An assessment of these alternatives must consider a multi-

tude of issues, including the resource use associated with various systems,
the need to assure adequate safety and environmental protection, the
research and development reqnired to develop new technologies, and the
investment required to commercialize newly developed technologies.

Another important issue concerns the use of electricity, which in
recent years has been increasing even more rapidly than overall energy
consumption. Should this trend continue, new electricity demand would
most likely have to be met in the near future by expansion of coal or
nuclear generating facilities. Both of these resources have great potential,

but both also have serious problems that must be addressed, including
rapidly rising costs of implementation and concerns over safety and envi-
ronmental impact. In this connection, the lead times for research and
development, for exploration and exploitation, and for constructing power
plants and distribution systems are critical. The lead time for putting a
new coal-burning or nuclear-powered electric generating plant on line, for
example, is now in the range of 6-10 years. The lead times for achieving
appreciable market penetration for alternative sources of electric energy,
such as solar, geothermal, or fusion power, are undoubtedly much longer.

Many other energy supply issues require analysis and evaluation.
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Technologies for the reliable extraction and economic conversion of coal
into synthetic oil and gas have not yet been developed to the point where
private investment and production can proceed. Solar and geothermal
energy technologies are at an early stage of development, and their
progress, promise, and problems need careful evaluation. Fusion power
has not yet been demonstrated to be scientifically feasible. One of the
most fundamental issues centers on the total impact of nuclear power,
in terms of benefits and risks, as well as on a detailed analysis of the nu-
clear options. This includes examining the various converter and breeder
types of reactor systems, and the thorium cycle, as well as subsets of the
basic nuclear issuesfuel .supply _and enrichmentrecycling, _safety,, re-
liabilityastes, safeguards, health and environmental inipacts, and so on.

The demand for energy in the years ahead is dependent on myriad
variables, including energy costs, economic growth, population growth,
social values, and public policy. No definitive projection of demand can
be made; rather, it is possible only to project the ranges in demand deter-
mined by various assumptions. Projections of electricity demand are even
more difficult. The problem, simply stated, is to prepare to meet an un-
certain future demand for energy with a limited number of existing
options that may in time be broadened. The effect of conservation on
energy demand is also difficult to predict. While there is a growing con-
sensus in favor of conservation programs that may be carried out without
adverse effects on employment and standard of living, there is much less
consensus on how extensive a cutback in the growth of energy consump-
tion is socially desirable or economically possible in the near future.

With the uncertainties in energy demand, in technological options,
and in public acceptability, it would be a specious exercise to prescribe
a single array of different energy sources as a guide to the nation's energy
planners. Rather, the study will concentrate on assembling sets of alterna-
tive energy supply options that can satisfy a range of energy demands.
Within the context of any level of demand, it will then be possible to
address the role of nuclear power or the implications of its unavailability. 31

With this approach, many issues posed by nuclear power can be analyzed
in a setting that also incorporates economic, environmental, and techno-
logical judgments on existing and potential alternative energy sources.
Similarly, judgments on alternative energy supply options can be made
over a range of potential energy demands.

To shape the study, an NuO Committee on Nuclear and Alternative
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Energy Systems has been established. Reporting to the committee are
several study panels, each focusing on a key element of the energy picture.
One panel will examine the potential ranges of energy demand to the year
2010, explicitly analyzing the uncertainties and the forces that shape
demand, including energy cost and efficiency of use. Another panel will
look at the state of existing and potential energy supply systems and the
likelihood of their technical development and implementation in various
time frames, while a third panel will assess the comparative risks and
impacts associated with each energy option or total system. A synthesis
panel will oramine issues that cut across the boundaries of the other three
panels and will ensure that there are a minimal number of gaps in the

_ _ _ _

overall coverage of the study issues. Each panel will be assisted by a
number of specialized resource groups, which will assess particular tech-
nologies (e.g., nuclear, solar, coal) or examine specific issues (e.g., effi-
ciency of energy use in buildings, price, elasticity of demand). Information
generated by the resource groups will include products of other studies,
including collateral studies within the NBC and papers that may be written
by individuals connected with or commissioned by the study. Overall,
more than a hundred persons will be involved in the study.

In order to evaluate the various policy options, an appraisal will first
be made of the present and projected states of the respective energy sup-
ply systems and then a series of possible energy-demand scenarios will be
developed. These scenarios, or projections of energy demand, will include
breakdowns of energy use into the various end-use sectors and of supply
into the assumed mixes of supply technologies in the system. Included will
be some scenarios that are dominated by social considerations, leading, for
example, to restrictions on the development of particular supply systems,
such as nuclear. Emphasis will be placed on scenarios that illustrate the
impact of variables with major uncertainties that can influence future pol-
icy options, such as the quantity of domestic oil and natural gas reserves
or the rate of development of nuclear power.

32 In making the comparisons among the reference energy scenarios and
in considering strategies for the development and refinement of nuclear
and other supply option4, the study will attempt to identify

The trade-offs benefits/costs in the pol y choices that society
must make
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The uncertainties that come about, in evaluating these trade-offs,
from the inclusion in the analyses of factors whose quantitative values are
poorly known

The areas where the uncertainties are both critical to policy choice
and amenable to-resolution by research

The sensitivity of future policy choices to current R&D strategies
and priorities

The end result will be a report that describes in a coherent fashion the
consequences of a series of possible energy policy options, together with
an assessment of the potential impaci of present ERDA R&D programs on
future energy policy choices.

In keeping with the recently established Academy policy that en-
courages public access, a set of public meetings has been held to allow
input from the general public both on the issues that this study should
address and on the study plan.

Committee on Nuclear and Alternative Energy Systems, Assembly of
Engineering. Committee Co-Chairmen, Harvey Brooks of Harvard
University and Edward L. Ginzton of Varian Associates; Study Direc-
tor, Jack M. Hollander.

METROPOLITAN COMMUNICATIONS
FOR THE FUTURE

Effective use of communications technology in a metropolitan setting is
a distributed national goal, which is described in Harvey Brooks' essay
elsewhere in this report (p. 133) as "largely local in nature, in the approach
to . . . solutions, and in the consequences of these solutions." And as
with any distributed goal, difficult questions bubble up: What are realiz-
able roles for communications technology? What purposes and needs
might it meet, immediate and long term? How can maximal benefits be
extracted from existing and evolving communications technologies and
systems?

These, in their simplest form, are some of the questions now being
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addressed in an NEC study of future metropolitan communications, funded
by a consortium of federal agencies. The intended product is information
that can be used by federal policymakers, regulators, operating agencies,
and metropolitan governments to guide in an evolutionary way the growth
of multipurpose metropolitan communications.

The need for the study and the implicit difficulties it faces were set
out indirectly in a 1974 NBC report, Toward an Understanding of Met-
ropolitan America,* which noted that twentieth century metropolitan
growth had a pattern of aggregation into a relatively few urban centers,
followed by dispersal outward into suburbs.

The report also pointed out that technologies such as co munication
and transportation that provide easier access to the city and its surround-
ings themselves tended to change the character of metropolitan life:

As access within the metropolitan community improves, increasing numbers
are drawn from the entire region into the orbit of its activities. Meanwhile,
the number of those engaged in intermetropolitan transactions also rises. As
scale increases, patterns of transaction become more complex, localities merge,
boundaries become blurred, and a multicentered, mulfiassociational form of
urban aggregate takes shape.

What is involved is a series of deconcentrating and often mutually rein-
forcing tendencies in metropolitan areas. Demand for public services rises,
stimulating the proliferation of local governments, which, in turn, leads to an
acceleration of deconcentrating movements, . . . Eventually there is a rela-
tive decline of radial movements and a complex web of crisscross movement
becomes commonplace throughout the metropolitan area. A change in one
area reverberates rapidly throughout the whole because of the new systemic
integrity of its parts.f

Thus, the Study on Metropolitan Communications for the Future
confronts a metropolitan pattern formed by aggregation and dispersal,
tangled by social, political, and economic complexities, in which threeput
of four Americans now live. The Study approaches the metropolitan
conundrum with an awareness of the potentials and range of telecom-

34 munications technology. However, as is emphasized in the Study's work
statement, "This is not to be merely a narrow study of systems and hard-
ware. It is to be an engineering study in the broadest sense, that is, a study

National Research Council. 1974. Toward an understanding of metropolitan America. San
Francisco: Canfield Press.
f Ibid., pp. 12,13.
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of how technology might be utilized to accomplish recognized
goals."

The range of communications technology now on hand is truly ex,
traordinary. It makes possible high-speed, high-volume transmission of
informationdata, voice, and pictures. Computer-aided switching sys.
tems provide fast access to memory stores of many types and also permit
precise control of the routing of electronic data through telephones, ()Pen
and closed circuit video systems, and domestic and international satellites.
At terminals, there are display devices of various sorts: printers, recorders,
video playbacks, facsimile machines, and so on. These existing systems are
fed by still developing technologies such as large-scale integration, new
metallic oxide silicon devices, more reliable, high-capacity satellite and
undersea systems, new data-compression circuitry, and microwave and
guided-wave optical systems.

The issue in metropolitan communications is obviously not more
technology. We know that some will work and some will not. Some will
be worth the costs and some will not. Some will be suited to certain needs,
but not others. Some should be redesigned for wider use--fer others it is
impossible to foresee all of the possible uses.

The ideal is one or at least a few common communications systerus
for many different metropolitan needs. The actual pattern has been sepa_
rate systems for separate uses. Police, fire, and health departments in a
community may use communications systems r'elying on similar modes of
transmission, switching, memory storage, and information processing. But
each system is funded and operated separately. A tele-medicine system of
a state department of health may seem superficially different from a
computer-assisted instruction system installed by a board of educatiou.
But, again, the two may use similar technologies of switching, transmis .
slop, and memory storage. Can such technologically similar systems be
planned to accommodate the different uses? Can they be planned in a way
that easily admits new users and new needs? What roles can and should
federal agencies play in this process?

The proposal for this study cited "pressing metropolitan needs." One
is the familiar example of substituting telecommunications for transporta_
tion: electronic travel rather than physical. While the idea has reached
the level of cant, there is little apparent evidence that communications as
an alternative is a common factor in transportation planning. The more

43

35



ASSEMBLY OF ENCINEERING

usual pattern in metropolitan growth has been separate planning of com-
munication and 'transportation: This thesis is enunciated by Edward M.
Dickson and Raymond Bowers,* who believe that, relative to transporta-
tion, telecommunications technology is underexploited.

"In many respects," they comment, "the state of telecommunications
technology today resembles transportation technology in the 1920's when
the potentials of the automobile and the airplane were just being per-
ceived and exploited." There are, of course, crucial differences between
transportation and communications; in some cases they may Substitute for
each other and in other cases not. Careful analysis, including analysis of
the human factors involved, is necessary to avoid counterproductive
actions. Introduction and expansion of new communications networks
the video phone, for examplecould sap efforts to expand public transit.
The study will, in part, examine some of the issues of transportation
vis-à-vis communications.

There are other metropolitan needs that may be looked at. How do
citizens talk to their local governments? How do they find the right infor-
mation, office, and official? How do public officials get fast responses to
questions about the workability of new programs and policies? How does
a driver seeing a fire quickly report it? How does he report his location
and that of the fire? How do we make better use of a limited and geo-
graphically concentrated corps of physicians? Cari communications tech-
nology provide rapid, accurate, and inexpensive detection of air and water
pollutants?

And what are the possibilities for electronic mail? What are ways to
apply the "narrowcasting" capabilities of cable television? What effects
will new technologies such as the video phone have on the standard tele-
phone and cable television? Do satellites have a role in metropolitan
communications?

Quite obviously, whatever issues arise during the study will have been
tested against several realities. For example, a metropolis is normally not
a political entity; it is a geographical and statistical one. A metropolitan
area is a patchwork of county, city, and town governments, each struc-
tured somewhat differently and each with its own local imperatives. Such
split jurisdictions make collective action difficult, particularly if an idea is

° E. NI. Dickson and R. Bowers. 1973. The video telephone. New York; Praeger, pp. 1 127.
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novel. Capital costs may be high, federal aid too little or unavailable, and
the arguments of life-cycle costs not congruent with annual budget mak-
ing. Various citizen groups may raise legitimate issues of privacy and
confidentiality.

Present plans are for the study to cover current technology and its
improved application to present and potential uses over the next 5 years
(1976-1980). A follow-on phase of the study would cover new technologies
(examples: fiber optics, computer systems, satellite systems, digital com-
munications) and their integrated application after 1980.

Metropolitan Communications for the Future, Committee on Telecom-
munications, Assembly of Engineering. Study Chairman, Henri G.
Busignies of the me Corporation; Staff Officer, R. V. Mrozinski.

ADVANCED ENERGY STORAGE SYSTEMS

At the request of the Energy Research and Development Administration
(EaDA), an ad hoc committee of the Energy Engineering Board of the
Assembly of Engineering is conducting a 1-year study of neto for advanced
energy storage systems. Not to be confused with fuel storage, the energy
storage problem is primarily associated with techniques for effectively
storing electricity.

Unlike fuels such as coal or petroleum products, which can be stored
in piles, bins, tanks, or pressurized containers after being extracted or
refined, electrical energy is produced and consumed instantaneously. Con-
sequently, the electric utility systems must have the generating capacity
to meet the maximum combined electrical demand, regardless of the
infrequency with which that demand is imposed.

The demand for electricity is a function of our work habits and life
styles; these have developed in patterns that result in highly fluctuating 37
electrical loads. For example, industrial activity is at a peak during the
day shift; on hot summer afternoons the industrial load is augmented by
residential and commercial air-conditioning loads, producing the highest
electrical demands of the year. By contrast, demand levels are markedly
lower in the early morning hours and on weekends.
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Since the utilities must have enough generating capacity to meet the
highest peak loads, it follows that much of the equipment either stands
idle or is lightly loaded for part of the time. Although fuel costs for gen-
erating electricity occur only when the units are in use, the capitalization
costs run continuously, whether the equipment is in use or not. As a con-
sequence, the price of electricity has to be high enough to pay off the idle
equipinent.

The utilities try to minimize overall costs by deploying a mix of
generating equipment. Large, fuel-efficient "base-load" generators are
installed to meet the electrical demand levels that occur most of the time.
Typically, this capacity might supply about 60 percent of the peak load
and be fully loaded about two-thirds of the time. Smaller, more flexible
"intermediate-load" units furnish .an additional 20 percent or so of the
peak demand load and are run at full capacity perhaps 30 percent of the
time. The top 20 percent of the peak electrical demand is generally
encountered no more than 30 percent of the time; special "peak-load"
units are employed to handle this load segment. Since these peak-load
generating units stand idle most of the time, a premium is placed on low
capital costs rather than on high efficiency. Where possible, older fossil-
fuel units are used for peak loads, but low-cost modified aircraft gas-
turbine-driven units are increasingly being installed for these purposes.
Not only is Me fuel efficiency low for such units, but they generally require
petroleum products (natural gas or oil) as fuels.

The electrical capacity needed by the nation is expected to grow
markedly in the decades ahead. Unless there are great shifts in consump-
tion patterns, perhaps induced by changes in rate structures, the present
disparities between peak and average demands will continue or even
increase. Most of the added base-load capacity will be from coal-fired or
nuclear-powered generators, both of which are relatively efficient and use
nonscarce fuels. These units will not be fully loaded around the clock,
however, so they will contain a reservoir of unused energy capability. If
satisfactory techniques can -be developed to store electricity, these units
could be run continuously at full power ratings, and the energy in excess
f instantaneous demands could be stored to meet part or all of the inter-

mittent peak loads, thereby reducing or eliminating the need for the
expansion of petroleum-fueled peak-load units.

Such storage might be done at the generating site, at distribution
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substations (which would also reduce the capital investment needed for
peak-load transmission capacity), or at the load use center, i.e., at the
factory or the home.

The storage might or might not be in the form of electricity. The
principal, though limited, current storage method is a form of electro-
mechanical storage. Termed "pumped storage," off-peak power runs elec-
trically driven water pumps to raise water to a higher storage reservoir.
At peak-load conditions, this water is used to drive hydroelectric genera-
tors to meet the demand. Although there are net energy losses due to
system inefficiencies, the lower capital costs and the higher utilization of
the base-load equipment make the system economically advantageous to
the consumer.

Other forms of electromechanical storage have been proposed and
need further R&D investigation. These include underground hydroelectric
generators with surface storage of the water, storage of compressed air to
drive turbogenerators, and storage of kinetic energy in large flywheels.

Electrothermal storage may also become an important system, par-
ticularly for the user. In electrically heated homes, for example, the elec-
tricity is currently consumed as needed. If suitable thermal storage sys-
tems can be developed, it would be possible to consume electricity during
the late night, off-peak periods to generate heat that could be stored and
used throughout the day as needed. Similar long-term possibilities exist
for air-conditioning.

Electrochemical storage also holds promise. Off-peak electricity might
be used to electrolyze water into hydrogen and oxygen, which could be
stored and then converted back into electricity in fuel cells during the
peak-load periods. This technology might be the precursor of a "hydro-
gen economy," in which the hydrogen could be used directly as fuel to
replace petroleum products in many uses.

Direct storage of electricity is also feasible. Advanced storage bat-
teries are the subject of considerable R&D. Similar in concept to automobile
storage batteries, utility batteries must have lifetimes of about 20 years 39
and must be capable of 5,000 or more deep discharge cycles to be satis-
factory. Farther into the future is the possibility of direct electricity stor-
age in superconducting magnets. Supercooled by liquid helium, such
storage devices might have very large energy capacities.

In addition to creating economic savings in an expanding electric
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utility industry, the development of energy storage systems would shift
a greater share of electricity production to coal-fired or nuclear-powered
base-load generating equipment, thereby substituting these relatively
abundant fuels for the scarce oil and gas now consumed in peak-load
equipment. Additionally, the use of storage systems would level the load
on the large base-load generating equipment and reduce power cycling,
which often causes contml problems and, in the case of nuclear reactors,
can reduce the lifetime of fuel elements. Furthermore, in the longer term,
energy storage systems Will be essential to the viability of intermittent
solar power sources and of the expensive fusion power systems.

A primary objective of the NRC study of energ); storage systems will
be the development of guidance criteria that mum will use in selecting the
content and priority of its sponsored R&D activities. The principal bene-
ficiaries of useful developments will be private electricity consumers, who
will benefit if the advances are implemented by the largely private
and generally nonfederal utilities and their suppliers. One of the basic
program considerations, therefore, will be the determination of the appro-
priate conditions for EnnA to sponsor and fund R&D that must be applied
by the private sector to be useful. A corollary consideration is how ERDA
Should Conduct its R&D III order to maximize the probability that the
results will be useful to and utilized by the private sector. Additionally,
criteria for identifying the critical technical parameters requiring R&D
attention and for estimating the comparative benefits and costs of
.ompetitive concepts must receive consideration.

Appropriate guidance criteria for such considerations will be neither
simple nor universal. The criteria may be expccted to vary, depending
upon the state of the technology under investigation; the preliminary,
exploratory research on new concepts must be viewed quite differently
from full-blown systems demonstration projects. In addition, the charac-
teristics of the anticipated user sector will influence the decision criteria.
At one extreme, the utilities represent a highly aggregated industry with
well-developed technical and economic requirements. At the other ex-
treme, the potential residential market for energy storage devices is highly
clisaggregated and relatively unsophisticated in evaluating technical and
economic trade-offs. The technical nature of the energy storage system
will also influence R&D decisions to some degree. Technologies that are
unique to a specific application must be viewed differently from those that
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have multiple potential uses. For example, although technical require-
ments differ in detail, B&D on utility storage batteries must take into
account R&D on. storage batteries for electric automobiles to be most
effective.

In addition to developing criteria for R&D project evaluation, the NRC
study will survey the current state of the art in energy storage and will
recommend broad program priorities for R&D, including the portion
deemed suitable for government sponsorship.

Committee on Advanced Energy Storage Systems, Assembly of Engi-
neering. Chairman, W. Kenneth Davis, Bechtel Power Corporation;
Staff Officer, De Marquis D. Wyatt.

MINORITIES IN ENGINEERING

"Engineering is the largest professional occupation for men in the U.S.,
employing more than a million persons," according to a 1974 Sloan Foun-
dation report on Minorities in Engineering.° That report made clear how
limited is the participation of several American minoritiesblacks, Chi-
canos (Mexican-Americans), Puerto Ricans, and American Indiansin the
engineering profession. These groups comprise 15 percent of the U.S.
population but less than 3 percent of all engineers and less than 5 percent
of all engineering students.

Pryond the numbers, the missing minorities in engineering signify
the de facto exclusion of an important part of the American people from
the technological mainstream of society. The costs are heav'y. Engineering
skills are indispensable to many jobs, often vital to improved pay and
advancement, and increasingly necessary to achievement of executive
rank.

In short, engineering can be an effective entry point into a technologi-
cal society. Why have minorities not used it? As the Sloan Foundation
report and other studies have shown, there are a multiplicity of barriers,
some specific to engineering and others due to the general problems of

° Minorities in Engineering, A Blueprint for Action. A Report of the Planning Commission
for Expanding Minority Opportunities in Engineering. The Alfred P. Sloan Foundation, New
York, 1974.
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minority participation in the professions: poor education in elementary
school and high school; economic pressures forcing early dropout; failure
by teachers to recognize and encourage promising minority students; lan-
guage difficulties for many Spanish-speaking and American Indian stu-
dents; little advice to the minority student on where and how to apply to
a school, and where to find support; and ignorance of the engineering
profession and the particular opportunities it offers in work satisfaction,
reward, and advancement.

In 1973, the National Academy of Engineering organized a Sympo-
sium on Increasing Minority Participation in Engineering. Within a year
after the symposium, the NAE encouraged the creation of the National
Advisory Council on Minorities in Engineering. This groupcomposed of
members from the highest level of industry, government, and education
in turn seeded, through the provision of $300,000 by its industrial mem-
bers, the Committee on Minorities in Engineering, initially within the NAE
and later within the Assembly of Engineering of the National Research
Council.

The Committee quickly learned that while the lack of minorities in
engineering is a national problem, it is not amenable to a national pro-
gram. Identifying and encouraging the promising black student in Detroit
is a different task from helping the Puerto Rican in New York still trying
to cope with English. Nor does the Navajo student in Arizona, with his
cultural orientation and tribal values, respond in the same way to advice
given the Chicano in Los Angeles or San Antonio.

There are now several organizations working regionally and na-
tionally to deal with the particular problems of particular minorities. The
Committee on Minorities in Engineering has tried to help them by pro-
viding needed data or pointing to likely sources of data; by helping to set
enrollment goals; by assisting in gaining resources; and by helping groups
working on the problem to know what others are doingwhat things have
worked, and what have not.

42 The Committee has been a goad and guide to these organizations,
many anxious to "do something," but in danger of suffering the fate of
Stephen Leacock's horseman by riding off in all directions at once. The
Committee has provided "role models" for career days, has been a source
of information, and has acted as an objective and knowledgeable assessor
of progress and results.
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Aside from this "central office" role, the Committee has grappled with
specific problems. For instance, of the minority students that do go on to
college, a disproportionate number go to 2-year community colleges. And,
lured by high starting pay, many stop after 2 years, although they may
have the ability to do advanced work in engineering and similar fields.
But, in a credential-conscious society, lack of a degree prevents significant
advancement later. The Committee has looked at the problem and has
evaluated transfer barriers, suggesting ways in which community col-
leges can identify and encourage the gifted student.

In 1975, the Committee published a study, Building Effective Minor-
y Engineering Programs, which includes statistical data on engineering

enrollment among blacks, Spanish-speaking persons, and American In-
dians, With the support of the Sloan Foundation, the Committee con-
ceived the National Fund for Minority Engineering Students, an inde-
pendent, nonprofit organization that provides scholarship aid from many
sources. In June 1975, the Committee conducted a workshop for minority
program managers at engineering schools and for guidance counselors
and administrators in secondary schools at which they exchanged ideas,
approaches, and experiences.

Committee on Minorities in Engineering, Assembly of Engineering.
Chairman, Arthur C. Hansen of Purdue University; Executive Direc-
tor, Melvin H. Thompson.
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The Assembly
of Life Sciences:
An Operational
Definition

The Assembly of Life Sciences (Ars) is an extraordinary congeries of

hoards, committees, institutes, and short- and long-range programs whose

originssome recent and some in the distant past-=include the Division
of Medical Sciences and portions of the Divisions of Biology and Agricul-

ture, Engineering, and Chemistry and Chemical Technology.
A view of one's domain usually has two components: pointing with

pride and viewing with alarm. In the Assembly of Life Sciences, we do not

point with pride at our size, which is enormous by any standard, whether
judged by our share of the National Research Council's seven thousand

volunteers or by our annual budget. Our annual budget, approximately

$15 million in 1975, is especially horrendous to an old-fashioned embry-
ologist like myself, some of whose recent experiments each cost less than

WO. We do point with pride at the dedication, insight, and perception 45

displayed by our human resources. I have been privileged to work with
the Chairmen of the -.Divisions of Medical Sciences and Biological Sci-

ences, Paul Marks of Columbia University and Donald Kennedy of Stan-
ford University, respectively, with a critical and effective Executive Com-

mittee composed largely of members of the National Academy of Sciences
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and the Institute of Medicine, and with an able staff under the leadership
of Thomas J. Kennedy, Jr.

How does one describe such a far-flung domain? It seems to me that
perhaps the most effective way of depicting the Assembly of Life Sciences
is to guide you through a single meeting in the life of a member of our
Executive Committee, whether that member isas the members area
geneticist, a neurobiologist, an internist, a botanist, or an ecologist.

This "typical" meeting opened with a consideration of the role of the
Committee on Health Care Resources in the Veterans' Administration (see
page 52). The Veterans' Administration operates what is probably the
world's largest health care delivery system, with a Fiscal Year 1976 budget
of over $4 billion. If we are to have a national health care policy (and we
are said to be seeking one), an analysis of the manner in which the Vet-
erans' Administration conducts its business provides an interesting start-
ing point, to say the least. This Committee is attempting to understand
the several roles being played by the Veterans' Administration in the
health care enterprise, to determine the cost effectiveness with which the
Department of Medicine and Surgery of the Veterans' Administration is
carrying out its mission, and to evaluate the adequacy of the staff and the
quality of health care being delivered. The Executive Committee of our
Assembly was asked to review the work of the Committee, which is
chaired by Saul J. Farber, and to determine whether the proposed budget
of $6.5 million would be sufficient to carry out a task of this magnitude.
That was the opening assignment for the day.

In conjunction with that discussion, the Executive Committee also
briefly reviewed the work of a related committee that was assessing the
quality of biomedical research in the Veterans' Administration.

The Ais Executive Committee next turned its attention to the report
of the Visiting Committee to the Committee on Prosthetics Research and
Development (min). One of the long-standing and significant activities of
the Division of Medical Sciences, MID brought together physicians and

46 engineers concerned with the problems of the nation's handicapped. As
so often happens with long-standing organizations, questions have been
raisedquestions not of the importance of continuing aid to the handi-
capped, but of whether the problems have grown so complex that our
administrative structures are no longer competent to deal with them.

After that discussion, the Executive Committee took up a request
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from the Occupational Safety and Health Administration osHA) to work
closely with it and with the National Cancer Institute in a program de-
signed to look into the serious question of tow to educate workers about
cancers arising from occupational hazardse.g., vinyl chloride, benzene,
and asbestos,

We then reviewed the Toxicology information Progarn, in which the
National Library of Medicine, with advice from an ALS committee, pro-
vides institutions in the United Statesthrough an organization called
roxtaNEwith up-to-date information on the identification of chemicals
that may have important toxicologic consequences.

The Committee then turned its attention to the Institutional Differ-
ences Study, This study, completed in 1975, suggests what to many of us
is a frightening thought: that there are widespread differences in the
quality of surgical care throughout the United States, Are our chances for
survival and for a happy outcome of a given surgical procedure substan-
tially better in one institution than in another? Is the magnitude of the
difference larger than any of us have susiieeted?

We turned next to a consideration of the nature of the Assembly of
Life Sciences itself, The Assembly of Life Sciences has no "membership
in the usual sense of "a gathering of persons for deliberation and legisla-
tion," apart from the Executive Committee. There is no larger "voting
body." We have developed a network of corresponding societies, and we
publish a newsletter, Lifelines, available on request. We were concerned,
however, that the Executive Committee of our Assembly may not fully
represent the nation's younger scientiststhat there is insufficient involve-
ment of younger investigators and teachers in the activities of the National
Research Council.

We see what we are conditioned to see. in the foreword to Between
Pacific Tides John Steinbeck put it most eloquently: "There is in our com-
munity an elderly painter of seascapes who knows the sea so well that he
no longer goes to look at it when he paints. Ile dislikes intensely the work
of a young painter who sets his easel on the beach and paints things his 47
elder does not remember having seen." The Elecu.tive Committee is
attempting to develop a panel of consultantsa network of dedicated and
hielly competent advisors among the younger members of the scientific
community.

We then turned to a consideration of a number of proposals from the
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Food and Nutrition Board on the role of nutrition in dental health, nutri-
tion and immunity, and other subjects.

'The Executive Committee next looked at a proposal from the Bureau
of Radiological Health, Questions occasionally come to us that nonmedi-
cal persons like myself think must have been answered at least a decade
ago. In the discussion it emerged that some medical practitioners have not
heeded earlier warnings of the unhappy consequences of radiation and
are still using radiation techniques for the treatment of relatively benign
conditions. The National Research Council has been called upon, through
its Assembly of Life Sciences, to reexamine the question. I think the scien .
tific answers will not be any different from those of a decade ago. But
perhaps, if the question is restated and the answers are directed throu
new channels, another audience will be reached and the problem may be
alleviated.

We then took ourselves into a discussion of problems of pesticides
and toxicology, a large and nebulous ield, one in which relatively few
practitioners define themselves as "toxicologists" in the strict sense. We
find it extraordinarily difficult to bring to bear on such problems the
expertise that they so often require. For example, we have constituted a
major committee (a visiting committee, in a sense ) to examine the National
Center for Toxicological Research,

We then reviewed a subject that, in my view, was one of our most
exciting during 1975the study of recombinant DNA Molealles, a program
organized under the direction of Paul Berg and Dm id Baltimore to deal
with the potential biohazards arising from the new-found capacity to
chemically couple nmts from different species. The possibilities exist that
one may insert into the genoine of a common bacterium like E. cdi, which
all of us carry with us at all times, the DNA of a foreign typeas exotic as
the DNA of the clawed toad Xenaptis laevis or, more frightening, the INA
Of a tumor virus. These techniques, which introduce new and strange
forms of PNA into biology, place us in an area with many unknowns, The
evaluation of biohazards is extremely difficult. The participants at the
conference agreed that most of the work on constructing recombinant
molecules should proceed, provided appropriate safeguards are employed,
hut that certain "high risk" experiments ought not to be done until we
know that they are less hazardous than we now suspect or until better
containmen t facilities are available. (The Asilomar guidelines have been
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thoroughly discussed and revised since the conference. Nevertheless, this
extraordinary gathering illustrated that the scientific community is in-

creasingly prepared to police itself and to interact with other segments of
society in examining hazards of biological and biomedical techniques.)

We then moved to a question raised by one of our corresponding
s cieties: the threat to research in many biological fields, owing to the
intensive harvesting, by both American and foreign fishermen, of common
marine animals. The squid, used n neurobiological research for several
decades, is rapidly disappearing from the shores of New England, and we
still do not understand how to cultivate it in captivity. Yet squid are
being harvested for food in enormous numbers by factory ships just as
fish are. On the West Coast, the same thing is happening to the sea urchin.
If we are to preserve these resources, we must take early action.

Similar problems are being met with many vertebrates of research im-
portance, including not only a number of species of wild primates but
even so mundane an animal as the common grass frog. And the availabil-
ity of wild-caught organisms as experimental material is only part of the
problem. We need to broaden and to improve our facilities for maintain-
ing germ-plasm resources and genetic stocks, stocks of microorganisms, of
animal cells in culture, of cultivated and wild plants, and of a variety of
laboratory mammals. A significant part of the future activity of the Di-
vision of Biological Sciences will be devoted to an examination of these
resource problems.

This recital is not simply a form of "show and tell,' nor is it designed
to demonstrate the remarkable capacity, versatility, and wisdom of the
Executive Committee. It is designed to point up what I consider the
awesome responsibilities of this Executive Committeeindeed, of all
the Assemblies and Commissions. In that one meeting, this group had to
consider as part of its responsibility the wise expenditure of some ten
million dollars. It had to consider the development of programs that in the
long run will have a profound impact ou the health and safety of all of
us. It considered programs that will affect the breadth and depth and 49
health of the scientific enterprisesuch as the symposium on DNA recom-
binantsand, finally, the Committee's deliberations have had a profound
effect on substantial segments of American industry, especially those
dealing with foods and with drugs.

Against this background, let me point up four problems that my
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colleagues and I see looming ahead; perhaps, to some degree, these repre-
sent problems faced by all of us within the National Research Council.

First, we need to be more active in initiating our own proposals,
while continuing to be responsive to the initiatives of others. We have
been less active, I think, than we should be in our own Assembly, in part
because the characteristics of problems with which we must deal have not
yet been clearly delineated. To that end, all members of the scientific
community are potential contributors, and we welcome suggestions. It
seems to us that the Assembly of Life Sciences performs best, most ef-
fectively, when it deals with problems in which the key issues require
debate and balanced consideration by a selected group of scientists pool-
ing their insights and experiences in arriving at judgments. The common
mechanisms are committees, workshops, and symposia. Ideally, the issues
at stake are best handled when they are .essentially scientific. Our own
Assembly seems to rne to have functioned uniquely well when the history,
the strength, and the reputation of the National Research Council were
essential in enlisting the participation of persons whose knowledge was
required. In short, we perform best when the committee, in the broad
and best sense of that term, is the key element in the work,

Second, a number of forces whose impact is perhaps inescapable
today are conspiring to make far more difficult the achievement of stan-
dards of excellence that all of us hope will epitomize the activities of the
National Research Council. The demands on the time and energies of
the nation's best, or at least its hest-known, scientists are brutal and, to the
extent that these scientists are overworked, their productivity is bound to
suffer. To this end, we must limit our programs to problems of signifi-
cance, lest rare talents be diverted to second-order issues; the reduction
in demand on scientists of the first rank should enable them to function
more effectively. We must make it a deliberate policy to seek new and
untried talent, and we enlist aid in that effort.

Third, I come to one of our most difficult problems: We are beginning
to accrue a substantial number of large-scale projects, like the study of
health care delivery in the A'eterans' Administration, that are by their
nature staff-intensive, rather than committee-intensive. I am not sure that
we are going to be able to handle these as well as we would like to within
the traditional =mitts operandi of the Academies. These projects demand
short response times, and thus it is difficult to build up a highly qualified

5 8



AN OPERATI NAL DEFINITI N

staff of the size that one needs to deal with a six- to seven-million-dollar
project. In the short experience, now more than 2 years, of our Executive
Committee, we sense that our effectiveness is most seriously challenged
when the scientific issues are difficult to separate from the political issues,
when there is need for a prompt response, and when the response needed
is a direct exchange of opinion, that is, advice given face-to-face with an
agency or a congressman. When the project involves a large amount of
data-handling or information-gathering, we tend to have limitations.

Finally, the decision still hangs in the balance on the propriety a d
the wisdom of maintaining within these halls specific functions and re-
sponsibilities over long periodsI mean several decadesas is true of
some of our activities. One of the earliest decisions of our Executive Com-
mittee was to constitute visiting committees to review long-standing
operations, like the Committee on Prosthetics Research and Develop-
ment, the Advisory Center on Toxicology, and the Drug Research Board.
This year, visifing committees will be constituted to look at the Food and
Nutrition Board and the Institute of Laboratory Animal Resources. It is
already clear that the visiting committees have made, or will soon make,
recommendations for major changes, some of which have already been
accepted and are being implemented. In the course of these examinations,
the extent to which originally desirable and well-understood functions
can become transformed has been striking and has emphasized the im-
portance of thorough periodic review and reevaluation.

All in all, I think the Assembly, still young, is growing in competence,
modulated by aspirations to high quality and struggling to attain and
sustain standards of excellence.

JAMES D. EBERT
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HEALTH CARE RESOURCES IN THE VETE ANS'
ADMINISTRATION

Public Law 93-82, which was signed by the President on August 2, 1973,
includes a provision that requires the Administrator of Veterans Affairs

to negotiate an agreement with the National Academy of Sciences under

which

such Academy (utilizing its full resources and expertise) will conduct an
extensive review and appraisal of personnel and other resource require-
ments in Veterans Administration hospitals, clinics, and other medical facili-
ties to determine a basis for the optimum numbers and categories of such
personnel and other resources needed to ensure the provision to eligible
veterans of high quality care in all hospital, medical, domiciliary, and nurs-
ing borne facilities.

The Academy entered into such an agreement in November 1973, and the
contract requires the Academy to deliver its report to the Congress in
November 1976.

The study is budgeted at $6 million, which makes it one of the largest
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ever undertaken under Academy auspices. It is policy oriented and is
intended to provide a basis for public policy decisions on the changing
role of the vA hospital system and the resources required to carry out this
role. The VA health care system was developed at a time when the federal
government bad only marginal responsibilities for health care for the
general population. In the last 10 years, the federal role in health care
has grown enormously, and it is likely to continue to grow rapidly. The
problem of modifying the role of the vit medical system in the most
appropriate and realistic way, within an expanding federal role in health
care, poses a series of complex questions that the study will try to answer.

The vi health care system is a unique enterprise. It now includes 171
hospitals with about 95,000 beds and has a fiscal year 1976 budget of over
$4 billion. It discharged about I million inpatients and processed ap-
proximately 15 million outpatient visits in 1974 in its own facilities and
contracted for substantial amoun ts of additional services in non-VA fa-
cilities. Eighty-nine medical schools have affiliation agreements with 109
vA hospitals. About 50 of these affiliations are extensive, involving sub-
stantial patient care responsibilities by medical school faculty and clinical
training of medical students and residents in VA hospitals. Thousands of
health professional students are trained in VA facilities every year. A very
substantial fraction of all residents in medicine, surgery, and psychiatry
receive at least part of their training in vA hospitals.

There are 29 million veterans in the United States: 14 million are
World War II veterans whose median age is over 55, 1 million are World
War I veterans, and the balance are younger. Over 40 percent of all males
18 years of age or older are veterans. The provisions of law have gradually
been broadenedparticularly since World War II, although the process
actually started in 1924to permit the use of vA facilities by veterans
who do not have service-connected disabilities but who need medical help
and cannot afford to pay for it. At present, the eligibility laws are such
that essentially any veteran who needs medical care from the vi can apply
for such care and obtain it ( on a space-available basis) merely by signing
a statement that he cannot afford to pay for it. By law, there is no means
tes t.

Thus, while the vA hospital system was established primarily to pro-
vide health care to veterans with service-connected disabilities, 85 percent
of the care actually provided is for non-service-connected health problems.

6 1 .
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The growth of the VA hospital system, the extensive affiliation rela-
tionships, and the fact that some 170,000 people are employed by the
system have all given the vA Department of Medicine and Surgery very
substantial political support. The department grew up and assumed its
present form during a period when the federal role in and responsibilities
for health care of the general public were veil limited. Before 1960 the
federal health role was essentially to provide health care for a relatively
small number of federal beneficiaries such as Indians, merchant seamen,
and members of the uniformed services; to provide matching grants for
construction of community hospitals; and to support biomedical research
and training Since then, and particularly with the passage of Medicare
and Medicaid in 1965, federal responsibilities for health care have grown
enormously. In 1974, of approximately $105 billion spent on health in the
United States, some $40 billion flowed from federal coffers. Thus, it is clear
that the VA health care systema miniature National Health Service op-
erated for the benefit Of veteransmust be viewed in the context of the
overall federal responsibilities for health care. This is particularly true
with regard to the issueS Of acceSS to health care and of the costs and effec-
tiveness of such care, which are in the forefront of the current public
policy debate in the health fiekl.

With some form of national health insurance likely to be enacted into
law in the next few years, these questions assume even greater urgency.
The Congress, in requesting this study, clearly had these issues very much
in mind. As the country forges new health policies affecting the people
as a whole, the role of the vA and the resources required to discharge this
role effectively can no longer be viewed as a problem unrelated to that
of the broader federal role in health. Both the emergent national health
insurance and the changing role of the vA's Department of Medicine and
Surgery will involve efforts to rationalize and improve the efficiency of
resources devoted to health care and to establish controls on the costs and
quality of health care provided. Legislation recognizing the potential

.54 relationships has already been enacted. For example, legislation authoriz-
ing the vA to train health manpower to meet the general requirements of

the countrynot just of the vA health care systemhas been on the books
for some time; however, there is no mechanism available to the vA that
enables it to allocate its resources for training in a way that would
rationally relate the VA'S activitieS to the country'S needs. Similarly, an-
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thority to share VA resources with those of the community for certain
specialized medical services exists, and some sharing arrangements have
been worked out with community resources under which the vi provides
services to nonveterans and utilizes non-VA facilities in the community
for veterans. Furthermore, in 1974 the VA was authorized to accept reim-
bursement for provision of heinodialysis and kidney transplantation
services to nonveterans.

Thus, it is clearly not possible to respond to the congressional charge
without addressing the issue of the future role of the vA (after national
health insurance is adopted), since the resources required to discharge the
VA mission will clearly depend on the de facto and de jure roles the vA will
be called upon to play.

The type of services demanded of the vA systems in the next 10 to 15
years will be shaped by at least three somewhat contradictory factors:
national health insurance, which, if enacted, would provide access to
community facilities for at least some of the current users of the VA acute
medical and surgical services, and hence a reduced demand for such
services in vA hospitals; a probable steadily increased demand on the
system for geriatric care by the 15 million World War 1 and World War H
veterans; and a probable demand for a wider variety of vA services
particularly ambulatory careas facilities in non-VA hospitals are over-
taxed.

These likely changes and the othersavailability to the general
population of necessary health services, a strong governmental role in
controlling the costs and quality of health care, and continuing concern
with the perceived inadequacies of health care such as the maldistribution
of resourceSwill inevitably change the role of the vA's Department of
Medicine and Surgery. The policies affected will probably be those con-
cerned with:

Determining the optimum amounts and dis ribu ion of staff and
other resources for the vi health care system

The management airangements and procedures governing the sys-
's operations
Eligibility
Relationship of VA facilities and resources to the non-federal facilities

and resources of the communities in which vA hospitals are located

6 3
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The NBC study is designed to provide information that can be used
to formulate policies in these areas. The study is inherently a complex and
many-faceted one, involving extensive data gathering and held interviews.
The study will include the following elements:

1. A series of cross-sectional studies focused on access, utilization,
and quality of care in a sample of VA hospitals. Data will be obtained
from analysis of patient records, from interviews with patients, and from
applicants for care as well as from vA staff.

2. Studies of hospital staffing ( including nursing, dentistry, psychi-
atry, and allied health and support occupations) and the quality of nursing

care in acute bed sections of VA hospitals,
3. A survey of a sample of all veterans living in SIX VA hospital "catch=

Writ areas," regional territories often cutting across state lines. The survey
will gather data on the use of VA hospitals by a representative population
of veterans and on their use of non-vi health care facilities.

4. A survey of VA staff to ascertain their views on a number of key
issues.

5. A survey of medical schools affiliated with vA hospitals. Since
World War II, most new hospitals built by the VA and others in urban

settings have had teaching affiliations with medical schools; this relation=

ship is affected by the degree of dependency between the vA hospitals

and the medical schools,
6. Study of yA dental care. This is an intensive review to determine

the extent of dental care and the availability of prosthetic services for

dental iniuries and defects,
7. Study of ambulatory/outpatient care. Recent legislation and di-

rectives have increased ambulatory/ outpatient care in many VA hospitals;
this study will use site visits to obtain data on facilities and patients'
experiences.

8. Utilization and cost studies. These involve an analysis of length of

56 stay in VA hospitals, an analysis of manpower costs in vA hospitals, and a

longitudinal study of selected vA patients.
9. Study of potential relationships be ween vA and non-vA hospitals.

The potential for sharing certain selected, specialized medical services
with community hospitals will be studied,

10. Long-term-care study. This study will include data gathered
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from site visits to domiciliari rsing-care units and homes, and inter-
mediate-care sections.

11. Evaluation of rehabilitation medicine. Rehabilitation medicine,
including spinal cord injury mid prosthetic services, will be studied in a
selected group of hospitals.

Committee on Health Care Resources in the Veterans Administration,
Assembly of Life Sciences. Chairman, Dr. Saul J. Farber cf the New
York University School of Medicine; Study Director, David Titsen.

MEDICAL FOLLOW-UP; TWIN REGIST Y AND
PRENATAL X-RAY

TWIN REGISTRY

The study of twins to unravel the mingled influence of genetio and
environment in shaping health and fortune was first suggested about 100
years ago. Francis Galton, Charles Darwin's grandson and a founder of
modern statistics, described the potential value of twin study in his
book The History of Twins as a Criterion of the Relative Powers of Nature
and Nurture (1875). Since then, there have been a profusion of twin
studies, ranging in size from reports on one twin pair to the registration of
a nation's entire twin population.

The underlying idea in twin studies is that since identical twins have
identical genes, any differences between twins in health and achievement
are due to environmental differences and chance. Fraternal twins share
in common only half their genes; thus, if their medical histories differ
more than those of identical twins, the extra variation can be ascribed to
genetic differences.

However, the results of twin studies must be carefully applied and
interpreted. For example, the fact that the same cancer shows up in two
identical twins at the same time is not proof of a genetic etiology; perhaps
they shared a common "item of experience" that caused the cancer.
Comparative data on fraternal and identical twins can, according to a
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World Health Organization wno report on twin stt "do no more
than to draw attention to the presumptive importance of genetic factors."
Further, twins differ in a number of ways from single births. As the wno
report emphasized, twins

develop in a uterus primarily adapted to the nourishment of a single fetus.
They are usually less mature at birth when they are exposed to increased
risk of obstetric complication. If both survive, their development may be
impaired by difficulties in lactation. Their upbringing is unusual, as it is shared
by a sib of their own age, and they are known to have an increased mortality
in childhood.

Thus, twins are a biologically selected group, not neewarily representa-
tive of the general population. An additional weakness of many twin
studies is that the subjects are often children. They are easier to find than
adults, records are usually more detailed, and theyor their parents

more cooperative and generally more willing to put up with the
puzzling demands of a researcher. But many of the "nature and nurture"
questions now being asked center on chronic diseasesmalignancies,
cardiovascular disease, and other degenerative diseasesthat do not
appear until middle age. Moreover, study of these diseases requires a
large population if there are to be enough occurrences of different diseases
for analysis by age of occurrence, antecedent events, and so on.

It was the need for such a resourcea large population of adult
twinsthat led to the organization in the late 1950s of Ile Twin Registry
by the Medical Follow-up Agency of the National Research Council.
Today, the Registry has the names and records of 16,000 male twin pairs,
all World War II veterans 49 to 59 years old, The Registry has been and
is being used to address a wide range of problems, from the genetic's of
migraine headaches to the varying effects of genetics aod experience on
earning differences between individuals.

The Twin Registry was established by obtaining the names of white
male twins horn between 1917 and 1927 from birth records in local vital

58 statistics offices. The names were then searched through the Veterans'
Administration Master Index, which contains the records of virtually all
World War II veterans. Birth certificates for 54,000 twin pairs were found

* World Health Org1niZL1tInfl. 1966. The use of twins in epidemiologicul studies, Acta Genet
Med. 15(2):109-128,

6 6



STUDY PROJECTS

in the vital statistics offices, and the records of 16,000 of these were found
in the vA files, because both members had been in military service.

But which pirs were identical and which fraternal? Fingerprints,
obtained from FBI files, were not conclusive, unless buttressed by other
information. Blood poly matching was an almost certain indicator, but
impracticable for 32,000 twins. It turned out that the most efficient
method was simply to ask the twins: e.g "When growing up were you
alike as two peas in a pod, or did you have a family likeness only?" The
error using that sort of questionas checked by serological tests on a
sample of twinswas about 4 percent, or considerably better than the 13
percent error rate with fingerprints and other physical traits. About 44
percent of the 11,510 twin pairs classified to date are identical.

The men who are included in the Registrybeyond the biological
differences in twins recounted earlierare not a representative sample of
the U.S. male population: All of the men were selected by the admission
processes of the military services in World War 11, which, for example,
excluded men who had tuberculosis, rheumatic fever, diabetes er ether
chronic diseases, Nevertheless, the Registry is a unique resource for human
genetic studiespairs of men, some with identical genes and some sharing
only half, for whom military records have been reviewed and for whom
both mortality experience and vA hospitalizations can be retrieved rou-
tinely by computer searches.

Since 1966, investigators, upon approval of their -proposals by the
Nilo Medical F'ol1ow-up Agency, have used the Twin Registry, either
analyzing the information in files and on computer tapes or, in many
cases, doing studies directly with selected twin pairs, The diversity of
research, as expected, has been great. The Registry has been used to in-
vestigate differences in respiratory and coronary sym p tom between smok-
ing and nonsmoting twins, genetic influences in various psychoses, the
relative importance of heredity and environment in psoriasis and atopic
dermatitis, and the genetics and epidemiology of coronary heart disease.

Direct work with twin pairs helped show that heredity has little or 59
nothing to do with a medical curiosity: an increase in internal eye pressure
of some people upon topical application of glucocorticosteroids, such as
cortisone. And ;::bout 2,500 pairs who responded to a questionnaire, as
well as the military records of some 1,000 twin pairs who served in the
U.S. Navy, are being used in an effort to sort out the relative contribution
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of genetic traits, abilities, family structure during childhood, schooling,
and other factors on later differences in earnings between twins.

PBENATAL X-11AYS

The Twin Registry is basically a tool for prospective studies, offering a
known base that undergoes changes in time that can be tracked. A retro-
spective study is exemplified by the Medical Follow-up Agency's current
investigation of the relationship of prenatal x-rays to childhood cancer,
including leukemia.

The first published report that abdominal x-rays of pregnant women
appeared to cause an excess of cancers among the children who had been
exposed prenatally appeared in 1950. Since then, results of several other
studies have been published, some confirming the original report, some
failing to confirm it, and some producing very puzzling data. For example,
an early study at Oxford University showed an association of premarriage
and prenatal x-rays with childhood cancers but not of x-rays between
the time of marriage and pregnancy; a Baltimore study found a significant
relationship of prenatal x-rays to subsequent mortality from various causes
(including accidents) in white children. but not in black children. Some
of these and other results have been partly ascribed to the hazards of de-
pending on the mother to remember her x-ray history during her preg-
nancy and to the statis+ical fact that prrmatal x-rays are more likely to be
done in first pregnancies or rn oirths ur on women coming from
particular socioeconom ic milieus.

One way to minimize some of these problems is to conduct a study
based on medical records, not ni interview and recall, of mothers who
were all cared for during thei' _H-egnancies in a uniform medical vstem.
Those criteria lit mothers e. ..ildren born in military hospitals.

The names of children who died of cancer when they were 15 y
of age or younger were on computer tapes of the National Cancer Insti-
tute. Those who bad been born in military hospitals were identified from
birth certificates on file at the various local vital statistics offices. Once the
names of the children and of the military hospitals in which they had been
born were known, the hospital records could be obtained. In this way,
records were found for 1,044 children who died of cancer. Records for
2,088 controls were obtained from the same hospitals. By fall 1975, all
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medical records had been abstracted coded, and stored on computer tape,
ready for analysis.

What will emerge is verifiable information about certain environ-
mental and biological factors of possible importance in the etiology of
childhood cancers.

Medical Follow-up Agency, DiNision of Medical Sciences, Assembly of
Life Sciences, Director, Gilbert W. Beebe; Associate Director, Seymour
jablon.

BOARD ON MATERNAL, CHILD, AND
FAMILY HEALTH RESEARCH

In December 1974 the Assembly of Life Sciences established the
Board on Maternal, Child, and Family Health Research to study the long-
term effects of developmental processes on the health of the people of the
United States. 'The Board has the following functions:

1. To identify continually the health needs of young persons ( infants,
children, and adolescents), viewing them as potential parents

2. To extract material on a continning basis from research reports
and national health statistics to: (a) help identify maternal, child, and
family health needs; and (b) suggest priorities for improving maternal,
child, and family health

3. To maintain broad surveillance of the private and public policies
and practices that influence maternal, child, and family health care and
research and to provide a forum for discussion and study of change

4. To help direct public and private resources toward a coherent
national effort on behalf of maternal, child, and family health

The Board is multidisciplinary and includes members from the fields
af behavioral psychology, child development, genetics, internal medicine,
Jaw, midwifery, obstetrics, pediatrics, psychiatry, and sociology. Through
its members, consultants, and staff, the Roard will maintain a general
knowledge and establish studies of pregnancy and the perinatal period;
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genetic disorders and congenital malforma ons; diseases and disease pat-
terns; and developmental pharmacology and the use of medical instru-
mentation or devices.

'The new Board inherited the existing Committee on Phototherapy in
the Newborn. That Committee was charged with evaluating the safety
and efficacy of the use of light energy in treating human disease, and its
chief cox:teem-was the use of phototherapy to treat hyperbihrubinentia in
newborn infants. The Committee produced a Preliminary Report, a Final
Report,' and a book entitled Phototherapy in the Newborn: An Overview,
which is a selection of papers presented at a symposium in Februaxy 1973
and additional papers prepared by various members of the Crimmittee.

A second activity inherited by the Board was thc Committee for the
Study of Inborn Errors of Metabolism. That Committ,x was'established
to develop an effective program for dealing with inborn mors of metabo-
lism as a single and identifiable but multifaceted ':-,?alth problem of
national importance. The Committee was asked to examine the origins,
history, and current standing of screening for phenylketonuria (mu) and
the effectiveness of rico treatment and to extend its purview to encompass
screening for other genetic diseases and characteristics. This latter charge
was interpreted broadly to include a study of the relationship of genetics
to preventive medicine. The committee has completed its charge and in
1975 produced a nal report entitled Genetic Screening; Programs, Pnn-
ciples, and Research. Two sections of the report were excerpted and
printed in a pamphlet, Genetic Screening: Procedural Guidance and
Recommendations. A third publication, Genetic Screening; A Study of the
Knowledge and Attitudes of Physicians, reports on the results of a study
conducted under the aegis of the Committee.

The Committee for a Study for Evaluation of Testing for Cystic
Fibrosis is the third activity inherited by the Board on Maternal, Child,
and Fainily Health Research. That Committee was asked to study the
following aspects of cystic fibrosis, of both practical and theoretical
I1 portance :

t The reliability of the data on cystic fibrosis factors", in serum and
in tissue-culture fibroblasts with respect to the diagnosis of cystic fibrosis
in the homozygote and heterozygote in intrauterine life, infancy, and
ch iklhood 7 0
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2. The evaluation of the ciliotoxic factor in serum and i
calture media as a diagnostic tool

3. The evaluation of the various screening tests for cystic fibrosis in
the newborn that have been proposed, both in this country and abroad,
but about which there is considerable controversy

4. The evaluation of the "sweat test," which is not being performed
properly in most hospitals throughout this country, leading to many errors
in diaposis, both positive and negative

The Committee for a Study for Evaluation of Testing for Cystic
Fibrosis has finished its work, and its Final Report is to be published in
April 1976.

In addition to overseeing the three established activities, the Board
on Maternal, Child, and Family Health Research has initiated two new
committees, The first is the Committee on Maternal and Child Health
Fiesearch and its charge is consistent with all four functions of the Board.
Funded by the National Institute of Child Health and Human Develop-
ment of the National Institutes of Health, the Committee is conducting
a study and review of research and research training programs in maternal
and child health supported by the health component of the Department
of Health, Education, and Welfare. The study will include research and
research training programs, funded over the past 3 to 5 years, whose object
is the improvement of the health of mothers and children. The purpose
of the study is to identify gaps in research on maternal and child health
and to recommend priorities and directions for future research that will
enable the National Institute of Child Health and Human Development
to carry out its charge, The Committee is multidisciplinary. Special atten-
tion is being given to research in endocrinology, genetics, human embryol-
ogy and development, and reproductive biology.

The second new. Board activity is the Committee on Implications of
Declining Pediatric Hospitalization Rates. While little information is avail-
able regarding pediatric hospital bed occupancy rates, they appear to be
both lower than rates for the general hospital population and declining,
Low bed occupancy rates in pediatric wards have important implications
for the organization and delivery of health services for children. Low rates
may also affect the quality and cost of care and the quality of training for
residents. The Committee on Implications of Declining Pediatric Hos-
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64

pitalization Rates will review current knowledge of the problem, provide
suggestions for improving the recording of data on pediatric hifispitaliza-
tion rates, and recommend ways to plan for more effective utilization of

available clinical resources for both inpatient and outpatient pediatric
care. The Committee is funded by the Bureau of Community Health
Services, Department of Health, Education, and Welfare.

LIcr...x' um Maternal, Child, and Family Health Research. Division of
Alec. Sciences, Assembly of Life Sciences. Beard Chairman, Alfred
C. Fnudson, Jr., of the University of Texas Health Sciences Center;
Executive Director, Artemis P. Simopoulos.
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Social Issues
and
Social Research

If we used the Chinese calendar, 1974 would have been the Year of the
Lawyer and 1975 the Year of the Economist; both subjects are represented
in the work of the Assembly of Behavioral and Social Sciences, While such
inteflectual aggrandizement is usually met with stout resistance, I found
that my natural science and engineering colleagues were happy to give
us the responsibility for these years. But 1974 and 1975 were not totally
without redeeming features. Events during those and earlier years dem-
onstrated society's need for answers to many social questions and sparked
social experiments, new tfieories, and new analysesall in an atmosphere
of discovery and excitement normal to periods of iconoclasm.

The inadequacies of the older theories of the social and behavioral
sciences include too little attention to the actual behavior of individuals,
a neglect of dynamics (since comparative statics seemed to be adequate),
and a poor data base analyzed inadequately.

The 1974-75 recession-inflation is an exemplary case. Almost two
hundred years ago, Thomas Malthus and David Ricardo debated whether
depressions and unemployment were interesting questions for economics.
Malthus pointed to the resulting hardships and widespread interest in
these phenomena; Ricardo argued, from the viewpoint of comparative
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statics (the set of tools then available), that depression was but a brief
interlude in the passage from one equilibrium to another. Ricardo won,
as generally happens when current methods are not adequate to han-
dle real problems. Economists did not seriously examine depression until
the 1930s, when J. NI, Keynes developed a comparative statics model that
apparently had a high unemployment equilibrium. Whether or not the
model performed as claimed, Keynes General Theory of Employment,--
Interest, and Money was a major stimulus to research. Keynes' insights
were explored and formalized in the 1940s and 1950s. But in the late 1960s
the underlying structure of the economy changed, and the Keynesian
theory progressively lost its power to explain what had occurred and to
forecast what would occur. One reason for the failure was that Keynes'
General Theory was based on conditions in Great Britain in the 1930s. A
more important reason was the continued reliance on equilibrium models
at a time (1968-497$) when governmental policies and worker and con-
sumer expectations chauged so rapidly that we were in continual dis-
equilibrium. The result has been a chastened set of economists and some
very exciting new research.

A second factor catalyzing the current ferment in the social and
behavioral sciences is that we allowed our good names to be used in
support of progams lacking both a theoretical and an empirical base. To
most people, President Johnson's "Great Society" programs were "social
engineering"the payoff from the work of the social sciences. Nothing
was further from the tnith. The Great Society programs and social experi-
ments spawned much good research; but the social sciences were not, and
may never be, in a position to design such large changes in the social fabric
as envisaged in Great Society programs. We are good counter-punchers:
good at critiquing a proposal and discerning its implications. But we do
not have the knowledge to design society-wide programs with predictable
consequences.

These Mticisms of the social and behavioral sciencesdeficiencies of
fundamental theories and methods and perceived responsibility for the
failures of massive social programs of the federal governmentcome at a
time when society is in a mood to question the utility of government.
expenditures on research, with social science research as the opening
wedge. The social sciences are particularly vulnerable to attack since they
examine the behavior of man disproving long-accepted beliefs is never
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popular, as Socrates could testify) and since the accumulation of data and
knowledge in social research is not as straightfölward as in physics or
chemistry. Results are often situation-specific, and the contribution to
general knowledge and theory from each individual piece of research
may be quite small. And, occasionally, a fundamental shift in social insti-
tutions may vitiate, or seriously qualify, a successful social science theory
e.g., the situation of macroeconomic theory in the 1970s. Even the best
social science theory is often on one horn of a dilemma: rigorous, but
irrelevant; or relevant, but hardly scientific.

But, however justified these criticisms, understanding individual be-
havior and social interactions is crucial to formulating sensible policy. If
one accepts the notion that these ought to be studied scientifically, one
is committed to supporting the social sciences in principle, even if some
individual projects are apparent nonsense. But this discussion is more
apologetic than is warranted. No matter how many ashes we economists
have heaped on our beads, postwar economic history, including that of
the 1970s, has been prosperous and stable cumpared to earlier periods.
Modern economic advice may not have worked as well as promised by
the phrase "fine tuning," but it worked better than its predecessors.

SOCIAL SCIENCES R&D

Criticism prompts stock-taking; and the Assembly's Study Project on
Social mu is indeed taking stock of social Rea) under way or planned
within the federal government and of its possible relationship to the mak-
ing of policy. The Study is funded by the Science and Technology Policy
Office of the National Science Foundation, and is discussed in more detail
on pages 76-81 of this report. On its agenda are questions such as: What
social research and development is currently being done? What deter-
mines how these problc U15 are defined and how much research takes place?
How does social Ram bocorne decision relevant? Indeed, what is decision
relevance? Our new Committee on the Social Sciences in the National
Science Foundation is a related effort and will make use of much of the
work of the Study Project.

As one might guess, these committees have raised major issues con-
cerning the support of the social sciences and the use of the social scE.neE::
in policymaking. To be more specific, in fiscal year 1975, approximately

7 7
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$1 billion was spent by_the federal government on what might loosely be
called social R&D, with half spent by REw. Of the $1 billion, about $100 mil-
lion went to peer-reviewed unscjicited proposals, with the remainder going
to projects not peer-reviewed by outside scientists. The latter investment
may be less than totally productive. Often a large project is divided into
design, data collection, and analysis, each requiring a separate Request
for Proposal (REP) stipulating a short res time, a brief period to do
the work, and closely (sometimes incorrectly; specified tasks. Such pro-
c ,dures mean that the projects are essentially closed to univers
searchers and may indeedbecause continuing support for personnel is
not assuredrule out the participation of any lee-in-tate research
organization.

The Assembly's study of social R&D also makes it apparent that there
is only the loosest of connections between social science research and
decision making. A careful scrutiny of decision making reveals a series of
factors necessary if research is to be decision relevant. For example, to fit
the crisis nature of much decision making, a theory must be fully devel-
oped and tested, applications must be explored in detail, those giving the
advice must have the proper credentials and be able to communicate the
results, and the results should be complete or completable on short notice.
These criteria explain why social science research has not been more
closely linked to policy. By the same token, they pose the interesting
question of whether (and how) research can be made more decision
relevant.

IMPROVING OUR UNDERSTANDING OF SOCIAL PROCESSES

AND PROBLEMS

In addition to such questions of grand strategy, the Assembly is focusing
on several areas where it appears fruitful to apply current knowledge to
pressing social issues. One is human development. Committee activities
include a study of child development, an evaluation of manpower R&D in

U.S. Department of Labor, an evaluation of vocational education R&D,
and an evaluation of the effort to decentralize federal manpower training
and employmen:: programs by transferring them to state and local gov-
ernments. Two proposed studies of particular interest are an examination
of the criminal justice system and an investigation of the transition from
school to work.
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Human Development

Studies of economic development make it clear that the most important
economic resourceperhaps the only indispensable resourceis "human
capital." This resource is more important to the prosperity of nations than
mineral resources, climate, or material wealth. It is a safe prediction that
the nation that gets the most out of its peoplei.e., the nation in which
human development flourisheswill be the richest nation in the twenty-
first century, regardless of mineral resources or climate.

But human development issues are inevitably complicated. At the
broadest level, there is little controversy, but also little content. Clearly,
the family is the predominant influence on child development; and chil-

dren develop their full potential in a stable, loving, and stimulating family

environment. But if the family environment is less than ideal, are there
compensatory programs that can bridge the gaps? Will improved welfare
programs and a better array of social services improve the family environ-
ment and, by implication, a child's development?

In attempting to avoid the contentless generality of talking about _

ideal family environments, many researchers have limited their scope too
severely. Often it is as unproductive to take a narrow problem as to try
to solve the most general one. Crime is a good example 'because it is an

tmportant social problem and researchers have tried to take a narrow
approach to reducing the symptoms. For example; crime was found to be
lower in areas with more street lights and police. Unfortunately, policy-
makers tried to apply these findings by putting up more street lights and
expanding police forces. As a good systems analyst would have predicted,
crime increased in the unlighted places and in the suburbs, with their
mailer police forces. While there has been a slight overall reduction in

crime because of the lights and police, the major effect has been to shift
crime to places where there is less chance of being caught.

A thought-provoking observation related to the issue of human de-
velopment and criminality is that the proportion of the ,popolation in- 71

carcerated in such countries as the United States, Canada, and Norway
has been constant for as long as they have had the statistics. Apvarently,
a law-abiding society, such as Norway, jails people for minor crimes, such

as driving with a blood alcohol level we would consider absurdly low,
while a violen t one, inch as that of New York City or the District of
Columbia, might reserve prison for major crimes of violence. This obser-
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vation suggests that deep social principles govern criminal justice systems
and that failure to uncover these will mean that many plausible solutions
will turn out to be incorrect or even perverse.

Income Potential: Burglary versus Dishwashing

One heresy that we economists indulge in is modeling deeison making
as if it were rational. Even our social scientist colleagues regard this as
absurd. But the exercise is instructive. Consider the teenager deciding
between a legitimate job and a life of crime. Ignoring the disutility of
being incarcerated, the first variable in the decision is the expected life-
time income of each choice. For a black, male teenager in a large city,
burglary offers a much higher lifetime income than unskilled labor, and
the crime rate among black teenagers reflects that fact, "Mat this model
correctly predicts a high crime rate among poor, unskilled teenagers is
hardly a powerful insight. But the model does make clear that both car-
rots and sticks can be used to decrease the crime rate, ln the past, the
sficks have been emphasized: Increase the probability of arrest (more
police), the probability of conviction (no-knock laws, wiretapping), and
the period of incarceration (no suspended sentences, no parole, longer
sentences). Clearly, such measures could succeed in reducing the crime
rate, but only the cost of fundamental and deplorabk changes in
society. The !tic has received little emphasis: Lower teenage
unemploye-,c1 Atly over 60 percent for black teenagers in some
cities), provido tmining and generally increase educational opportunities,
and ease the transitimi from school to work to reduce unemployment or
trauma. Assembly committees and proposed projects in the human devel-
opment area might b viewed as focusing ou camats and sticks, particu-
larly on the carrots that can enhance human development, thereby making
criminal activity less attractive.

STR,tINS ON SOCIAL INSTITUTIONS

One of the most fundamental problems to which the Assembly has at-
tempted to apply the knowledge of the social sciences is the strain on
social institutions. During the past decade, there has been increasing pres-
sure on and dissatisfaction with social institutions. The environmental
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movement, criticism of science and technology, and widespread criticism
of regulatory agencies are a few of the manifestations. One predictable
reaction by the federal government has been to turn many of these touchy

issues over to blue-ribbon commissions and committeeshence the in-
creased business for the National Research Council.

The Assembly's activities reflecting this increase inelude the Commit-
tee on the Societal Consequences of Transportation Noise Abatement (dis-

cussed on pages 81-84) and the Assembly's recent report examining the

economics of outdoor recreation resources, especially the measurement of
the social demand for these resources. Response to the increased pressure
on social institutions has also generated proposals for 11 w activities by the

Assembly.

Social and Psyc ological Consequences of Economic Uncertainty

It is hard to overstate the concern of Americans with "double-digit" infla-
tion. Economists are particularly surprised by this concern since wages
are generally linked to the inflation rate. Is there a "money illusion"? Does
high inflation in Induce so much uncertainty that consumers feel worse

off than they really are? Or is the perception valkl because the assets of

Americans actually are eroded significantly by high inflation? The ques-

tion deserves attention.

Market versus Nonmarket Allocation

During the 197,3 Arab oil boycott, the supply of gascine fe 1. Rather than
allow the market to allocate the smaller amount of gasoline, the govern-
ment indulged in measures that rationed gasoline, with resultant lines at
gas stations. Time, not dollars, became the necessary resource for getting
gasoline. A study proposed by the Assembly would examine what the
characteristics are of various ways of allocating goods. When is market
allocation preferable? When is rationing-by-coupon preferable? When is
an informal rationing systeme.g., queuing for gasolinepreferred? The
answers depend on what the goods are needed for, the degree of curtail-
ment, the distribution of income (and wealth) in society, and the extent
of the pubhc understanding and sympathy with the cause(s) of the short-
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age. Answering these questiL requires a broad mix of disciplinsan
good deal of evidenr!e, and it is high on our list of proposed studies.'

Conflict Resolution and Avoidance

Conflict generally does not lead to violence. Society has many informal
and formal means for resolving conflict; and, perhaps more important, for
avoiding conflict. While considerable work has been done on the reso u-
tion of conflicts, more attention should be given to conflict avoidance and
to redefinition of the questions worth exploring.

ASSEMBLY MANAGEMENT

These problems and our attempts at applying social science knowledge to
them are our reason for existence. But these high purposes can be sti ved
only when the Assembly is organized to appoint and help committees and
when it has sufficient funds to plan projects. The Assembly has been for-
tunate to obtain grants from the Ford and Russell Sage foundations to
fund program planning. These funds give us the ability to explore ideas
and develop them to the point that government or foundation support can
reasonably be sought.,Thus, rather than reacting only to the requests of
agencies and foundations, the Assembly attempts to identify problem areas
4nd promising projects.

The Ford and Russell Sage grants and the consequent financial ability
to plan and deVelop programs enormously increased the demands on the
staff; senior staff time, not money, became the limiting factor on our activi-
ties. Thus, there is particular significance in the recent additions to the
Assembly staff of an associate executive director and an editor/reports
officer.

Finally-, if one took a limited view, it would be easy to complain about
the staff time required for Nnc-wide activities: the Analytical Studies for

74 the U.S. Environmental Protection Agency, the World Food and Nutrition
Study requested by President Ford, and the Study of Nuclear and Alterna-
tive Energy Systems, But, aside from the obvious benefit of a catholic
examination of major and complex problems, these studies have the more
subtle benefit of increasing interactions among Assemblies and Commis-
sions and thus decreasin g the categorical isolation of Nnc activities,
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Tile re lization of thy NI ugh challenges to the Assein

bly; the Fort and Russell Sage program planning funds enabled us to put

more time and thüught into new projects. With many of the organizational
problems now under control, we look forward to a more aggressive search

for activities that would uniquely benefit from an Nne study.

LLSTEII 13. LAVE



Study Projects

STUDY PROJECT SOCIAL RESEARCH AND
DEVELOPMENT

For several years, senior government -fReials and members of Congress
have expressed serious reservations ,,liout the numerous iesearch and
development programs addressed to social problems. Of concern s been
the alleged low quality of the work produced by these programs and the
limited value of even the competently performed R&D in the: formulation
of social policy. Important problems that are the joint responsibilities of
several agencies seem to receive little attent'on. Decision makers, such as
officials in the Office of Management and Budget, have not even been able

76 to get a clear and concise picture of the extent and nature of support for
social R&D. The Study Project on Social R&D was funded by the Science
and Technology Policy Office of the National Science Foundation to
examine the social R&D enterprise, to investigate the merit of these con-
cerns, and to make recommendations for improvements in the 9rganization
and management of the federal support of social R&D.



Nvil AT wE E. 1Y soCIAL R&D?

S,TuDy PROjL ;1'5

SOcial R&D consists of resealch and development aimec at understanding
and alleviating social problems, it is not solely research carried on by
social and behavioral scientists, although virtually all of it involves these

disciplines. As the committee overseeing this work attempted to identify

and classify social H&D programs, it discovered a number of significant

"gray areas," i ncluding

Biological, clinical, and related research, snch as that supported by

the Alcohol, Drug Abuse and Mental Health Administration and ma
Hardware development that could be used for social purposes, such

as those of the Department of Defense, Department of Transportation,
and the Energy Research and Development Administration

In general, the committee tried to exclude purely chemical and biological

studies, suci, as those aimed at developing new drugs, and techaological
projects, such as demonstrations of new transportation systems. However,

the boundaries of social R&D still remain unclear.
Another difficulty in classifying ma) progru is is determining what

is truly research and development. Should policy analyses or program
evaluations be included? Should the collection and analysis of social sta-

tistics be considered social ii&n? Are demonstration projects a part of the
social nem enterprise? In general, the committ( e has been inclined to
include these since each of them is perceived by the Congress and the
public to be social R&D and since each makes heavy use of social scientists

and social science methods of inquiry.

AN INITM MAPriNG or soolAE R&D EFFORTS

The committee first compiled n inventory of social R&D activities cur-
rently being carried out by major agencies of the federal government.
Interviews were held with policy and administrative personnel and budget

data were collected on social ne,n activities. Some significant points

emerged:

Social R&D, even by conservative cleflnitions, is a large enterprise,

t ver $1 billion annually
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v is responsible for some 5( ) percent of social mil
Social nein is spread over an extremely large number of agencie ,

particularly since in many departments and agencies funds are _urther di-
vided among more or less autonomous bureaus or institutes.

ilesearch, both basic and applied, constitutes more than one-third
of the nrt, about the same as the proportion for all federally supported
R&D.

pment, as it is understood in technological areas, is appar-
ontly iiot d ne and is "replaced" by experiments and demonstrations. (A
mhior exception might be curriculum development at the National Sci-
ence Foundation, the National Institute of Education, and the Office of
Edui' tion.)

The committee examined the allocation of resources for social mai by
problem area and noted that

37 percent of social R&D is allocated to education and manpower
although these activities constitute less than 5 percent of total federal
domestic expenditures (arid less than 10 percent of federal domestic
expend,,,res ff income security is excluded),

Expenditures related to individuals (health, education, manpower,
social services, income security) are 2.5 times greater than those focused
on communities public safety, housing, community development, trans-
portation, environment, economic development, governance).

67 percent of health-related r.. r.) is classified as research vhile only
17 percent of education R&D is so classified.

These obs-rvations and many others reinforced the committee's view
that data on social R&D expenditures were not organized in a manner that
allowed systematic evaluation. This initial inventory of federally sup-
ported social R&D provided the background for consideration of the use-
fulness and relevance of social n&o to the formulation of social nolicy and
the organization and management of the social R&D enterprise. The second
phase of the project was thereforcl designed to address issues such as the
following:

What are the proper functions of the social R&D enterprise? How is
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and how Mould social esearch and development be used in policy-
making? What is a meaningful definition of policy levance?

Are there preferred means to organize and manage federal support
Of soyial um)? How should nonresearch persons be involved?

Does the current organization of the federal government mean that
some questions or functions receive too little attention? Does research that
crosses agency ju cisdictigns gat slighted? Is too little attention paid to the
use of R&D?

Would the enterprise be improved by some form of overarching
policy structute (perhaps orchestrated by the Domestic Council or the

ideas Science Advisor)?

In short, the committee is seeking to establish the d mensions of science
policy in the social areas and to make recommendations for improvements
in this policy.

SUPPORTINC STUDIES

The committee staff, with the assistance of consultants, is preparing papers
wveral of the problems raised above. For example,

A series of studies are examining how federal agencies organize
and manage social n&D related to the living environment (Agriculture,
HUD, DOT, EPA, and Interior), to income security (HEW, Agriculture, and
Hun), and to health services (primarily nEw). Two studies also focus on_ .

research relevant to target populations: the aging and young children.
These studies are seeking to identify the determinants of the character of
eurunt federal programs in these areas. Who sets priorities? Who selects
performers? How is the use of R&D findings promoted? Is there any
coordinated planning of research?

A number of studies of important management processes are
under way. The grants and contracts policies of several departments
have been examined, as well as innovative ways to improve the defini-
tion of projects and the selection of performers. In addition, the planning
processes of a number of agencies are being examined, since early obser-
vations suggest that little real planning takes place outside of the normal

8 7
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budget planning. The research on knowledge utilization is also being
reviewed.

A number of papers relating to the use of social II&D in policy-
making have been commissioned.

A study of the planning and management of longitudinal data
bases has been commissioned. Particular emphasis is being placed on
means for facilitating thcir use in research.

Studies of the history of the development of modern demography,
survey research techniques, and negative income tax proposals have been
commissioned. These studies focus on the nature of the financial support
for critical events in these historical examples as well as their institutional
context. They are intended to provide insight into strategies for the sup-
port of social science inquiry.

A study of the use of man( me ric and demographic methods to
forecast emerging social problems as a basis for planning programs of
research is under way.

A broad history of the growth of social n&n has been commissioned.

The report, to be issued in September 1976, will be substm 'ally con-
cerned with applied work, since less than 10 percent of social a&rn expen-
ditures support basie .esearch. It will focus primarily on improvements
that involve sevemt agencies (grants and contract processes, for example)
rather than dealing with specific programs. While the setting of priorities
for research on pari-icular rwolo areas is beyond the scope of the com-
mittee's assignmerK .ard cai: .-" ies, the report should propose better
procedures for grappling with this issue. In particular, it will include

A discussion of the, process by which soeiety deals with problems,
with the intent of highlighting the manner in which social research and
development might contribute

A czrreful consideration of the functions tha should be
ected to perform

A discussion of the current organization and management i the
federal stipport for social a&n, together with recommendations for
improvements

In sum, the hope is th. at this study w411 provide a clearer picture of
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the social R&D enterprise and establish the terms of the debate over its

future directions.

Study Project on Social Research and Deydoptnent Assembly of Be-
havioral and Social Sciences. Chairman, Donald E. Stokes of Prince.
ton University; Study Vireetor, Thomas K. Glennan, Jr.

SOCIETAL CONSEQUENCES OF, TRANSPORTATION
NOISE ABATEMENT

The major purl ose of this studypart of the series of NM studies for the
U.S. Environmental Protection Agency (see page 121)---will be to esti-

mate the costs and benefits to society of the reduction of transportation
noise and to suggest feasible combinations of r!csts and benefits as a guide

to establishing policy.
There are three major ways to reduce transpo tion noise:

Influence the sources. For examFle, engineering modifications can
be made on motor vehicles, airplanes can bk, retrofitted with sound-
deadening devices, noise operation standards can be applied to the mann-
tachire and maintenance of new transportation vehicles. Alternatively, use
of transportation vehicles can he curtailed, the vehicles can be run at lower

speeds, or larger-capacity vehicles can be substituted for smaller ()DRS.
Influence the receivers of traosportation noise. Through the use of

insulation, new building materials, and noise-muffling design, the effects

of a transportafion noise may he reduced.
Without changing either ,..ource or receivers, shift their relative

locations so that noise receivers are under less liability from the sources.

Highway and traffic can be rerouted; new airpotts can be located farther

away from metropolitan centers.

COSTS

For each of these three strategies, whether pure or mixed, the direct costs
of 'Applying the strategy to thc estirniiecl transportation noise from each
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souree can be calculated. There'v.rill also be indj't 11, for
loweOng speed limits would reduce motor VAL' the cost of truck
delivery would increit.ie, which would luckease cost of the goods to
cons, ers. Such charges, as well as abatemeni procedures that increase
fuel consumption, have to be cakulated and added to :;ie direct costs.

However, noise reduction may at times .1.etually save money for cer-
tain sectors of the economy. For example, 0;Yr.; ctategy.for reducing the
noise of diesel trucks operating at highway speeds would be to put a
speed-governed clutch on their radiator cooling fans so that fans switch
on only at low speeds. The fuel cost saving from the use of such clutches
might, over a 1- or 2-year period, outstrip the cost of the clutch installa-
tion. The fuel-cost savings could be considered a benefit, or it could be
treated as a negative cost subtracted from the positive cost of installation,
yielding a self-contained treatment for a particular abatement strategy.
Such organizational decisions have an influence on the conceptualization
of the costbenefit structure. Certain important factors, such as' the change
in land values, can be assigned to the appropriate categorycosts or
benefitsonly afte- they are computect

Even after they 2lassified and quantified, all costs are still not
equivalent. Some are levied on different constituencies: airlines, trucking
industry, consumer, and So OB. Some are short run, others long term; some
are localized, others distributed. A series of explicit value assumptions will
have to be made in order to aggregate or summarize these different aspects
of costs.

Since each possible abatement procedure results not in one level of
noise reduction but rather in several levels, depending on the extent to
which it is employed, the determination of rmsts is a function of the
amount of abatement or of the final noise level desired. Differing strategies
of noise reduction will be differentially efficient, and differing projections
of future tra !I:410r t' itioti USD Will each have different associated costs.

BENEFITS

Almost all the problems and issues raised in estimating the costs of noise
abatement reappear, and in mmiy ways are magnified, in a discussion of
benefits. As with costs, recipients of the benefits will have to be identified,
as they form several different constituencies. For example, the benefits for
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transportation wclicersground ciews, truck drivers, and the likewill
differ from those for suburban homeowners or city workers and residents.

For each group there are ughly three kinds of possible benefits:

Medical and physical benefits, such as reduced hearing loss, fewer
heart attaQks, and improved health, which can be somewhat quantified
through conventional insurance or workmen's compensation estimates

The reduction of transportation noise, which might well increase
productivity directly or reduce waste and error (although the data are
swat), On this point, productivity increases can, in principle, be converted
to the same monetary units as costs)

Quality of life

This tripartite division is not to imply that these three aspects are
independent. For, clearly, medical disability implies both loss of prodec-
tivity and diminished quality of life; similarly, productivity loss may im-
pair general health or poor quality of life may diminish productivity. The
last factor, quality of life, is the nub of the study. Through social indica-
tors, surveys and other diverse sources, some attempt will be made to
correlate levels of annoyance, dissatisfaction, and discontent with current
noise levels and the changes in these indicators as the noise is abated. At
present, current legislation, executive rulings, and safety codes tend to
discount such concerns, possibly beea.e of hcl: of adequate information
about quality of life, the difficulty of quantifying what information is
available, the ambiguous legal status of pertinelit ridings and codes, and
a belief that only possible medical disability is a valid concern for regula-
tory action on the part cf legislative groups.

BPnefits ar2, in a manner similar to costs, a f mr:t ion ef the d5qz ee of
abatement desired, the strategy chosen, and tt, projection of future trans-
portation use. The immediate comparability of these two coniponints
costs and benefitsdepends upon successful acceptance of quantifica-
thin of the quality of life into units comparable to those used to desbe
costs.

Because the data for assesslng qility of life are incomplete, infer-
ences have to be drawn from the relevan.: psychological, sociological, and
social indicator literal ure as well as from testimony and reports, such ai
the 1975 Occupational Safety and Health Administration's inquiry hear-
ings into industrial noise standards.

83



ASSEMBLY OF BEHAVIMIAL IAL SCIENCES

CO_ PAIIISONS STS VERSUS 1 NEFIT7

Although in theory such comparisons should be possible by superimposing
the hypothetical graphs of abatement versus costs and abatement versus
benefits, it is more than likely that some more explicit statements and non-
metric comparisons will be necessary, particularly if the benefits are
quantified or arc in units not commensurable with the costs; e.g. 0.

quality of life will probably not be expressed in dollar units.
In addition, the committee cannot legal and political implica-

tions what are sure to be regard,.
Jurisdiction, public temper, political
other considerations necessary to cons

:commendations for action
id flexibility of action are

the study.

Committee on Appraisal of Societal Consequences of Transportation
Noise Abatement, Assembly of Behavioral and Social Sciences, Corn-
inittee Chairman, William Paumol of Princeton University and New
York University; Stair Officer. Jerome E. Singer.
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Beyond Plate
TectoP

The program of the Assembly of Mathematical and Physical Sciences
(Amps) is both challenging and bewildering in its range and complexity.
For example, the issues considered in 1975 included scientific priorities for
the nation's space program, the state of catalysis research, the likely effects
of -Fubsonic and supersonic jet aircraft emissions on the ozone layer, and
probable reasons for differences in sl:in cancer statistics.

An essay on the state of the mathematical and physical sciences that
does full justice within the allotted space to that diver5i!v of interots
seems a presumptuous and Drobably impossible task. A more reasonable
approach is to choose one subject within the AMPS ambit and describe its
state, including what we would like to know about it and why that might
be useful, both to science and society. This year, that subject is geo-
dynamics. Acc rding to a nineteenth century definition, geodynamics is
the study of the forces apd processes that occur inside the earth. It still
means that, although the emphasis of geodynamics reLearch over the past
several years has been on the mechanisms of the plate tectonics concept
and its implications regarding surface and near-surface phenomena.

The late Harry Hess introduced the concept of s::?-floor nreading in
the early 1960s, and the phrase itself was h ced a year later. hide-
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pendent observationsseismic, topographic, geomagnetic, heat flow, iso:.
tope ages, drilling in ocean sedimentssupported the concept and led to
the broader model of plate tectonics.

The idea seems simple enough: The earth's outer shell is divided into
a small number of large movable and rigid plates each about 100 km thick
that form the earth's lithosphere. These plates are created by magma, or
molten rock, welling up at oceanic ridges or rises, the -unction of two
plates, As the process continues, the older crustal of the two
plates moves laterally apart. Since there is convincing evidence that the
surface area of the earth is not increasing significantly, the creation of new
crustal material in one region implies that older material must be destrod
in another. These older portions of the plates may disappear in subduc-
tion zones, associated with Benioff zonesinclined planes of earthquaki,
foci characteristic of many island arcs, the adjacent volcanic areas, and
deep ocean trenches. They may creep beneath continental land masses,
such as the Andean coast of South America, to create a tectonically active
region marked by earthquakes, mountain building, and minendization.
Plates may also rub against each other, as along the San Anaeas Fault,
creating lateral displacements of tens to hundreds of kilometers oVer time.

We can use the plate tectonics model to explain why most earth-
quakes Occur where they do, and why, for example, the San Andreas
Faidt is marked by shallow earthquakes (one plate rubbing against an-
other) and why some quakes in the Aleutian Arc are deep one plate diving
beneath anothe

The prples of plate tectonics can also be used to explain how
known mineral deposits were formed, and, by analogy, to search out simi-
larly formed, but 'odi5covered, deposits, For instance, as described by
Patrick Hurley # of the Massachusetts institute of Technology, the forma-
tion and the location of the immense Troodos copper depoSits in Cypr:s,
the Andean porphyry copper deposits, and the leadzinc mines in Lii:ish
Columbia can now be rationalized by tectonic events at plate margins,

88 Put very simply, for the Troodos copper, the fundamental event was prob-
ably the thrusting of a spreading ridge into a continental block; for the
porphyry copper, the subduction of a plate beneath a continental mass,

P. M. 1!:11r1cy. 1975 Plat tectonics and mineral (ley Teen-Mi. Rev. 77(5):15-21.
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followed by wiling, volcai erosio lor Ihe British Uoiiiinbiu
[flit tht, VCIlting, to the stirhulr sul ides at the edges Of ie arcs

formed bv 4 subduct ing plate.
The analysis is yery compiles, Rot Hurley points out dila plate
Ides IS tIliV 4 Very onl pmspeeling tool. For example. he notes that

t iation of porphyry coppers %vitii llhdliCUOI ZOliVS iS SO evident

tha cling has relied on this fact, and 0 munber of new major
deposits have liven found hi reghms that would never have heel) pros.
peeled before, Examplc:-, tie in East Asia, hail, Fourto Hi( o, British

What makes these applications of the plate tecknoies model particu-
larly exciting is the fact that the idea itself is still being developed, and
that further work, of the type to be described below, shonkl not only
stretiglluu 1 1 liv prospecting powers of plate tectonics lint also lead to other
ways to Usefully apply our new miderstanding of how the earth works.

At its present state of development, the plate tectonics concept is
more effective in explaining the history of the Ocean floors than of the
continental masses, events at plate margins than at plate iriteriors, and
lateral movements than vertical. It is a descriptive theory aud offers few
clues to the forces that incessantly change the face of the earth. We do
not know what drives the plzites; whether the i.r.,enesis and destruction of
plates is the rest ut of push at the oceanic ridges or pill at the sithducting
trenches, or sonic combination of both, The formation of the Beekes, the
Brooks flange in Alada, or the Ilawaiian Island chain is not obviously
related to plate technacs, In many cases, there is no apparent relationship
betweel volcanic activity and the geometry and movement of the litho-
spheric pkoes,

.As pointed out by the 1973 Nitc report nil the U.S. prog in for llw
Geodynainics Projeci,t "there are geodynamic phenomena that appear to
be ineonsistent with the plate tectonics model, and there are other phe-
nomena that lire apparently untilated to it. 'this suggests that plate tec-
tonics limy represent only a partial model of the geodynanale process,"

The Ceodynamics Project, now under way, should reduce these

Natioual ltt.irdi ( nirui I U173. U.S. gram Im- Get idyinnuics 1 iject: Scope and
ObjuaiNc%. Natiunal Ac,It1,,my l Seim:vs p. 8.

L)
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hiconsis .ncies and uncertainties, sharpen other geodynamic models, and
generate new ones. Till. Geodynamics Project is

Ill interna nal program of research on thc dynamics and dynamic history of
earth with emphasis on phenomena that affect surface or near-surface
.esses mid structurc This includes investigations related to movements

a- defonintion (past mid present) of the lithosphere, relevant properties of
(Ii e:irth's interior, and especially any evidence for motions at depth.*

Thc U.S. Gcudviiaiiuics Comuittcc, organized under the auspices of
the Geophysics Research Board of AMPS, in collaboration with other
organizations, identified initial prioritIes associated with the following
activities

Fille structure of the crust and tippe
Mid-Atlantie Ridge
Internal processes and properties
Chemical differentiation of magmas
Ceodywamic models
Drilling for scientific purposes
Magiletic probkni
Plate margins
Plate interiors
Geodynarnie synthe es

nan lc

The U.S. program h the Gcodynamics Project uses the plate tec-
tonics concept as a touchstone. These priorities are intended to detail
varimis parts of the plate tectonics model, as is the ease in the French
American exploration of the rift volley in the Mid-Atlantic Ridge, which
is the first integrated study of a spreading plate region. Other parts of the
prognim will concentrate On geodynamic processes not obviously involved
in plate tectonics, such as the study of the chemical differentiation of
magma, which is related to the formation of ore deposits. There's not
enough space to describe all of the projects, but a brief elaboration of a
few should give the flavor.

°

f Ibid., p. 36-52.
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B ' N D PLATE TECTONICS

RUST AND UPPED MANTLE

The Nlohorovicie (N1oho) boundary, or discontinuity, between the earth's
crust and the upper mantle is well known. But there are probably other
less easily detected boundnries. Mapping them would improve the analy-
sis of data on crustal structure and help decode the evolutionary history

An effort is now under way to test whether seismic reflection tech-
niques ilsed by oil companies to locate likely petroleum-bearing forma-
tions Call be applied to an analysis of the deeper part of the continental
crust and perhaps even to the upper mantle.

These exploration techniques rely on "echoes" from surface shocks
explosives or truck-mounted vibrators. In oil company work, the record-
ings cover 6 seconds or less, adequate to allow two-way travel of waves
penetrating somewhat deeper than the 9 km or so of sedimentary rock
where oil has been found. Longer recordings should include reflections
from deeper structures in basement rock forming the continental block.

The feasibility of extending this reflective technique to obtain interpret-
able data from greater depths was tested in 1975 in two localities
ilardeman County in north central Texas and the Rio Grande rift area of
central New Mexicoby a group called coccnu, (Consortium for Conti-
nental lieflection Profiling). The particular seismic profiling technique
used was vinnoscis (a trademark of the Continental Oil Company), and it
produced diffraction and reflection waves from both crust and upper
mantle. Two-way travel times of 14 seconds were recorded for some re-

d waves, indicating depths of 45 to 50 km. The technique is still
being explored, but if it repeats its early success, it will be a powerful tool
in delineating the structure of basement rock and helping us unders
past events in the interiors and on the margins of plates.

CONTINENTAL DHILLINC

However rich the information one can gather with surface measurements,
one would still like to have actual material from the crust and upper
mantle in order to modify and amplify the geophysical information and
to enable the correlation of rock structure with measured properties. A
drilling progrmn to recover material from basement rock that forms the
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un Mental platform has been proposccl. * It recommends extensive drill-
ing of fairly shallow holes (30 to 300 meters) and more selective drilling
of deeper holes (300-9,000 meters). At least five major scientific problems

two types can be auacked in this way:

Active processes now oec.urruig in the crust.
L The mechanism of faulting and earthquakes; e.g., drilling at

varying depths of the San Andreas Fault would provide information on
c character of the rock above and below the usual epicenters for quakes

in this region.
2. Hydrothermal and active magma chambers; e.g., a study of

hydrothermal water circulating around a magma chamber would aid in
prospecting for geothermal deposits and in understanding the mechanism
of mineral formation.

State and structure of the continental crust.
3. Heat flow and thermal structure of the this would aid in

understanding the forces driving tectoni c plates.
4. State of ambient stress iu the North American plate; again, these

data would help filter various ideas about the mechanisms that drive the
plates.

5. Extent, regional structure, and evolution of the crystalline con .
tinental crust; the crystalline rocks that form the continental platform
contain in their structure the evolutionary history of the North American
plate and thus offer a view into the history of the plate and also informa-
tion to guide future mineral exploration.

PLATE IN TER 101IS

The plate tectonics model forces a somewhat parochial view since it
focuses attention on the plate margins, However, there is plenty of action
within the plate interiors, as evidenced by the several major earthquakes
that occurred in the eastern part of the United States in the nineteenth
century, as well as by geodetic measurements indicating short-term verti-
cal disphicemeints of rock within the plate comparable in rate to the plate's
horizontal movements. Whether plate tectonics has something to say

E. M. Shoemaker (ed.). 1975. Contivental Drilling. (Report on the Workshop on Conti.
nentzd Drilling) Carnegie Institution of Washington, Washington, D.C., 56 pps.

1 0 0



DEVON].) PLATE ;TECTONICS

about these interior activities or whether alternative theories are needed

to xplain the facts is still tincertain. However, as an approach to some
sort of explanation for what happens in the interior of plates, a synoptic
synthesis of available geodynamics data is needed. For this reason, the
Working Group on Plate Interiors of the U.S. Geodynamies Committee
has proposed a traverse from the tipper Michigan peninsula to the Atlantic
Shelf off Cape Hatteras. The program will try to gather all pertinent and
reliable geodynamic data available along the path of this traverse, includ-
ing topography, depth to basement rock, thickness and attitude of supra-
basement sediments, seismicity, crustal fine structure, heat flow within the
crust, arid so on.

PLATE MARGINS

While, by definition, the plate margins are extremely active areas we have
few fine details, particularly for different regions and different geological
settings. We would like to know, for example, the different stresses or
pressures on rock in different regions. We would like to search for the
boundaries of smaller plates, now that the boundaries of the larger plates
are fairly well defined. We would like to have the sort of data that might
answer the earlier question of whether the plates move because they are
pulled or because they are pushed.

Some of these questions may be answered by studying ancient or
inactive plate boundaries, which have been relatively neglected compared
to active plate boundaries. The U.S. program for the Ceodynarnies Project
includes emphasis on the need for models of presumed ancient boundaries.
As a first step, a series of cross sectionsincluding precise determination
of the timing of geologic eventsis being undertaken across a dozen com-
pressive plate boundary complexes (mostly ancient) in various parts of the
United Statesthe Appalachians, the Sierra Nevada, the Klamath Moun-
tains in Washington and Oregon, the OuachitaMarathon region, and
possibly the Rockies.

INTEBNAL P80mESSES AND -HOPERTIES

Ultimately, any ideas on the mechanisms of plate tectonics will be con-
strained not only by what happens at the surface but also by the physical

93



A SSE M NE ATH IF AT IC AL, A ND P YS IC A L ,,NCES

nature of the materials in the lithosphere. T e flow of beat through the
crust, temperature and pressure profiles, the conditions imder which rock
stricture changes, the sizes of pores within the rock, the nature and satiira-
non of pore fluids, the velocity of sound through different rocks and at
different depthsthese and other data arc needed if we want to under-
stand the forces that shape the surface of the earth.

Wc call obtain some of the data froni exposed crustal and upper mat
tle rock. The drilling program, if implemented, will reinforce those efforts.
However, these in situ studies will always be limited to about 10 kilome-
ters, well above the depths where geodynamic events related to tectonic
processes occur. What is most exciting is that pressure and temperature
techniques arc now ben Ig developed that will subject rocks in the labora-
tory to geological conditions of pressure and temperature equivalent to
those at depths of 600 to 700 kilometers. Newly designed diamond cells
and laser heating techniques are among the tools used to attain those pres-
sures and temperatures, while new diagnostic techniques, such as laser
holography, enable the measurement of the properties of rock put under
these stresses. Thus, rock strain or stress, sound velocities, and phase
changes can in part be measured under conditions approximating those
weurring not only i4 the upper crust but also deep within the mantle.

Along with these new techniques, we are becoming increasingly
adept at synthesizing silicate and oxide crystals of minerals that are im-
portant constituents of the crust and upper mantle. Techniques for making
some are already known; special efforts are under way to develop tech-
niques for others.

These and other parts of the U.S. program for the Geodynamics
Project form a carefully designed effort to capitalize on the revolution in
the earth sciences in the 1960s. They seem certain to help our under-
standing of geodynamics, especially of near-surface phenomena that are
so important to mankind. One may guess that new and perhaps even
dramatic ideas will flow out of the planned geodynamic reconnaissance,
just as the plate tectonics concept emerged from efforts to map the topog-
raphy of the earth, the magnetic fields and their reversals and the
seismicity of the ocean basins in the 1960s.

Nonais E. BRADBURY
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FIRST GARP GLOBAL EXPERIMENT

Beginning in 1978, the earth's atmosphere ud oceans will be observed
with unprecedented completeness and detail in a mammoth international
effort called the First oAtu, Global Experiment (rocE). The experiment
bridges the two goals of the Global Atmospheric Research Program
(cAnv): first, an increase in reliable weather :prediction from about 2 days
to 2 weeks and, second, an improvement in our understanding of climate
what forms it and what changes it. GAnp has attacked these goals in two
related Nays: by the design and computational testing of models of atmo-
spheric behavior and by actual observation of the atmosphere to help
design these models and evaluate their validity,

Achievement of CAHVS two objectives would undoubtedly realize
many practical benefits, although their magnitude can only be guessed.
Certainly, knowledge of what the weather will be a fortnight ahead would
optimize agricultural operations (seeding, hatvesting, and so on), construc-
tion scheduling, routing of ships and other transports, and advance sched-
uling of peaking power by utilities. A sounder comprehension of the ele-
ments of climate and what changes it should aid in the evaluation of the
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effects of man preseace and waste products on climate, the randomness
3f climatic change, and proposals for deliberately modifying climate,

VoCE, as described by a 1975 NM report, Understanding Climatic
Change, is "primarily an attempt to collect definitive global data sets for
use in the improvement of weather prediction by numerical atmospheric
models." Secondarily, it is an important part of the climate portion of the
GAUP. Much of the data will come from the World Weather Watch (www),
by which thc World Meteorological Organization coordinates the collec-
tion and dissemination of routine meteorological observations to the
world's operational weather services. Abont 6,000 surface stations, 700
upper-air radiosonde stations, 7,000 ships, and operational satellites of the
United States and the Soviet Union will contribute critical data. While
broad, this data network has gaps. The poles, oceans, tropics, and the
entire southern hemisphere are poorly observed. In an effort to fill these
gaps, the nations of the world are readyidg a number of observing systems
that will be deployed during all or part of the FCGE period. Five geo-
synchronous satellites launched by the United States, Japan, the Euro-
pean Space Agency, and the Soviet Union will be more or less evenly
spaced over the equator. These will provide frequent visual and infrared
_uages of cloud patterns whose displacements will indicate winds at vari-
ous levels in the atmosphere. These observations will be particularly
valuable over the tropical oceans.

Further data over the oceans, together with information on earth
surface characteristics, will be provided by polar orbiting satellites of the
united States and the Soviet Union. Their observations of infrared and
microwave radiation emitted by the earth and atmosphere will yield tem-
perature profiles from which the mass distribution of the atmosphere may
be determined.

In the southern hemisphere, where routine observations are scarce,
plans are to deploy 300 drifting buoys in the 20 'S to 65°S latitude belt.
Their observations of pressure, temperature, and oceanographic variables
will be collected by satellite. Present indications are that Canada will
assume the lead role in developing these buoys and providing for their
delivery. Aloft, several hundred balloons floating in the lower stratosphere
will provide wind, temperature, and pressure data. This system will ap-
parently be provided by a FrenchIranian partnership building on
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FrL usive cx perieiicc in balloon systems anti satellite data col-
lection.

Niunerical Cxl)erifllallts indicate that the tropics must be Observed in
great detail if the needs of atmospheric models are to he satisfied. Because
the fields of mass and motion are hut weakly coupled in these latitudes, a
dense network of wind observations is needed to define the state of the
atmosphere. Thus, the principal U.S. contribution of a Tropical Wind
System is particularly significant.

This windfinding system employs long-range aircraft to release
dropsondes in the 10 N to 10 5 latitude belt. Each dropsonde carries
meteorological sensors and receives s'ignals from the Omega navigation
system, These are relayed to the launch aircraft where they are processed
and recorded. Changes in dropsonde position, determined from Omega
signals, are used to compute winds. Approximately 117 daily drops will
be made from base stations circling the equator.

Existing Workl Meteorological Centers will be used to the g
possible extent in transmitting and processing the large mass of data.
Global data sets produced with a 24-hour delay will be used for extended-
range forecasts. More complete sets, utilizing data obtained too late for
operational use, will be produced through follow-up data collection.

The timing of this ambitious program is now quite firmly locked to
the launch schedules of key satellite systems, Data collection will start in
January 1978, and by September 1978 allbasic systems are expected to be
operating. The observational phase of the experiment will be declared
complete when a full year's data have been obtained.

The more exotic and expensive observing systems like the dfind-

ing dropsondes and the southern hemisphere systems cannot feasibly be
crated at fall capacity throughout this entire period, Hence, two

Special Observing Periods are scheduled for JanuaryFebruary and May--
June of 1979. These are timed to coincide with the most vigorous part of
the northern hemisphere winter and the development of the Indian
monsoon.

The observational network of FCGE will also provide opportunities for
smaller-scale investigations related to the goals of CARP. In the polar re-
gions, POLES programs of meteorological, oceanographic, and glaciologi-
cal studies are planned. These will not only take advantage of the FccE
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system but will also contribute observations to the MOE data base, On a
larger scale, a monsoon experiment (moNEx) is being planned to investi-
gate not only the seasonal rains so vital to southern Asia but also the
interactions between the global circulation and the annual cycle of heating
over the Eurasian and African continents.

FCCE and its components are not, however, all of GAM?. Other pro-
grams have been designed to mesh with them to advance our understand-
ing and improve our ability to model the atmosphere. in the summer of
1974, for example, the omit, Atlantic Tropical Experiment (on-rt) was con-
ducted to gather data on the workings of the tropical atmosphere. This
effort, in which dozens of aircraft and ships and thousands of scientific
workers from many nations participated, has been termed the largest
international scientific undertaking ever conducted. The data collected
by this Dakar-based armada are now being processed and an international
army of scientists is beginning programs of research that will span many
years.

Under Japanese leadership, another international force carried out
two month-long observing programs near Okinawa in the spring of 1974
and 1975. This Air-Mass Transformation Experiment investigated the
interactions between ocean and atmosphere as cold air from the Asian
continent flowed over the warm Kuroshio Current. The program was
highly successful, and its results will be the subject of a series of study
conferences planned for the years ahead.

Other international omin subprograms and national efforts form part
of the CARP scheme. The Soviet Union, for example, conducted CAENEX
(Complete Atmospheric Energetics Experiment) programs in 1970-1972,
and the United Kingdom plans to continue its airsea interaction studies,
termed j ASHY.

The International Council of Scientific Unions (page 185) aud the
World Meteorological Organization have supported the CAIIP Joint Orga-
nizing Committee (joc), a select group of scientists from many countries
who define the scientific goals of the program and monitor its develop-
ment. They are supported by a Ceneva-based planning staff .that doubles
as the CARP Activities Office of the wmo. The actual contributions of
governments to the programs are coordinated by organs of the wmo,
while other international scientific bodies such as SCoR and cosPAII offer

iical guidance within their fields of expertise.
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The U.S. Com thee for the oAne provides scientific guidance for
American participation with the aid of panels and ad hoc groups con-
cerned with cATE, MONEX, FUGE, PoLEX, and climate research. Where ap-
propriate, its advisory groups are formed jointly with other NRC activities,

such as the Committee on Polar Research and the Ocean Science
Board.

While GAUP'S Observational programs are its most manifesh
tions, its primary goal is to acquire knowledge, not merely data. Thus,

search based on the information obtained by (maw field programs will
extend for many years into the future, For example, the CATE Advisory
Panel has established a group of coordinators with responsibility and com-
mensurate funding to organize research based on the unique CATE data
sets. For FCCE, a series of workshops is now being developed to elicit
ideas for research in tlh early years of the next decade.

The first objective of CARP was to understand and predict weather. Its
second and equally important goal was to understand the processes deter-
mining climate. As the programs addressing the first objective have taken
shape, the attention of planners has moved to the problem of climate. A
panel of the U.S. Committee devoted 2 years' effort to the scientific prob-
lems, and its report served as a valuable input to an international con-
ference in the summer of 1974. At its tenth meeting in Budapest, the Joint
Organizing Committee defined a CARP Chioate Dynamics Subprogram
on the basis of these studies. The program will build toward a Climate
Dynamics Decade in the 1980s during which global observations, re-
search, and modeling would be directed toward understanding the sea-
sonal, annual, and decadal variations of world climate,

Thus, CARPalthough more than a decade oldstill looks forward
greatest challenges: the observation of our planet's fluid envelope

as a unified whole and the understanding of its long-term changes so vital
tc mankind's future.

U.S. Committee for the Global Atmospheric Research Program, As-
sembly of Mathematical and Physical Sciences, Chairman, Richard J.
Reed of the University of Washington; Executive Scientist, J. Michael
Hall; Executive Secretary, jolm H. Sievers.
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Tliat (rune statistics mscd o)1 WIIILt is bum*, h the police may be in-
adeqoate mid misleading is Imt a new fact. Yet they continue to be used,
partly becanse until recently, no other national crime data were available.

Sluice 1972, however, an effort has been made to discern the incidence
and nature of certain crimesrape, robbery, assault, theft, and burglary
through the National Crime Surveys, sponsored by the Law Enforcement
Assistance Administration of the Department of Justice and conducted
by the Bureau of the Census of the U.S. Department of Commerce. The
endeavor consists of local surveys that have been completed in 26 major
cities, paralleled by a (...ontinoing national survey of 60,000 households and
15,000 businesses.

In the national survey, the essential technique is repetitive visits every
6 months to the households and businesses by field investigators who ask
a number of questions, for example:

"During the last 6 months did anyone break into or somehow illegally
get into your home, garage, or another building on your property?"

"Did anything happen to you during the last 6 months which you
thought was a crime, but did not report to the police?"

The Justice effort is a landmark in the gathering of crime statistics, in
that it asks not what was reported but what actually happened. It is also
a landmark in the social indicator movementthe measurement of societal
state and change.

The effort is complex and expensive. Its annual budget is over $10 mil-
lion, and there are methodological difficulties endemic to a retrospective
study as large and novel as the Crime Surveys. In an effort to reduce those

100 difficulties, the NBC Committee on National Statistics was asked in 1974 to
evaluate the National Crime Surveys in two principal ways;

Given a definition of objectives, how good is the statistical method-
ologyhow complete, bow accurate and reliable, how perceptive the
analysis, how careful its dissemination? What questions can and cannot be
answered by this technique?
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How e resiiJts Ain

urderstanAin.g of crime and eid in ssessiri

are the alternatives?

y PRO JECTS

Surveys improve nor
act on society? What

A 10-member evaltia panel (mined that ft-village] people
knowledgeable ill sociology, statistics, law enforcement, peilitical science,
law, ard economics.

The first eii-iphisis was on the objeetives and methods of the surveys,
The panel has teen concerned, for example, that there is insufficient
analytical staffing to interpret the data gathend by field interviewers. It
has also attempted to interpret die effects of varitms types of 'errors." For
instance, wihat is the effect of 'telescoping-n-41 vietim mentally distorting
the time elapsed between 1111 incident arid e report to the intervlewier? The
NlIC evaluation panel has exanined various alerts te measure the magni-
tude of telesc-oping and its effects nil data reliability.

There is also the predictable fact tIlint a victim simply will not always
tell the interviewer about a crime, One ivay t gavge that effect is through
a "reverse record c7-ieet" in which a knorov victiin is intervieved ard
answers compared to the record, Although this niethod is a valuable
research tool, the evaluation panel cautioned :against the builtin biases of
these cheeks, e.g, that kizown victims may not be representative of fill
victims. The panel also pointed cut that

it seems lady that incidents whieli i1d beeui reported to the Mite wolikl be

more lIkely to be 'recalled had mettioacd to snrvey interviewen, partly
because they are more likely to be (loth objectively and subjeetwdy) more
serious, and prtly because of the fact of hawing celled the police, given
details of -the Incident . . . might make the event note salient to de survey
respondent.

An issue related to the reliability of v kW's responses i that of
'stranger' crime. The tplestion is a simple One; Are you' mere likely to lie
victimized by a stranger or ty sorneorie you know? Advance siorvey to-
ports indicate that in violent crimes, tle mintinal is wore nay to be a 101

stranger to the victim. This seems to contradict the known anti frevently
verified fact that, in Mad molders, the vielhn anti tile attacker kilew each
other.

A central issue, in the Nile's roview, was the reliability of the interview
technique itself. Preteststhe reveine weed checks mentioned above
seemed to imliegite that most victirris %would wolimteer luf rnlation about
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crimes to interviewers. The evaluation panel examined this conclusion and
in a 1975 quarterly report pointed out that

underreportieg of assaults in the pretests was about 25 percent im the case of
ranger" crimes and about 80 percent in the case of violent acts conunitted

among family members. It seems clear that if this form of bias has persisted
in the national and city surveys done to date, it would badly distort the
reporting of violent crime which actually obtains and grossly exaggerate the
risk of those "stranger crimes" which the public fears most

Besides data collection procedures, the panel has thought about who
will use the information and for what. It strongly recommended that the
data be catalogued so that it can be merged with information on neighbor-
hoodsrnedian income, population density, family size, ethnicityavail-
able from 1970 census tracts. Without geographic information of this sort,
the panel commented in a 1975 report,

One mien ask, for example, Is there a difference in vicHmization rates of
elderly persons who reside in predominantly young neighborhoods as com-
pared with elderly persons who reside in senior citizen neighborhoods?" Or
"Are victimization rates higher or lower in racially integrated neighborhoods
than in racially segregated ones?" Or "Are people more or less likely to be
victimized in their own homes if the population density in their neighbor-
hooch is hi h?"

Such information is of nu small import in the judgments we make on
the state of society and our personal well-being. As Albert Biderman, of
the Bureau of Social Science &search Inc. and a member of the Panel for
the Evaluation of Crime Surveys, has written,

we tint io regard the incidence of crime as probably the most critical mani-
festation of the failure of social organizadon Crime involves a rejection of
the moral code of the society. Various popular theories contend that an
increased incidence of crime indicated the failure of society to function
properly; a decreased incidence, a more effective society.

Panel for the Evaluation of Crhno Surveys, Commi leo on National
Statistics, Assembly of Matimatical and Physicai Sciences, Panel
Chairman, Conrad F, Taeubcr of Ceergetewe University; Staff Direc.
ler, llettyo K. Pcnkk,
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ATMOSPHERIC CHEMISTRY:
CHLOROFLUO.kiOMETHANES IN THE
STRATOSPHERE

The issue of chlorofluoromethanes cFms) and their putative e osion of

stratospheric ozone is resolvable for discussion's salce into several ques-
tions: Is the basic contention scientifically reasonable and sufficiently sup-
ported by available data? Are there "escape routes" that might mitigate
or block the attack on ozone by chlorine released from cFms? And, assum-
ing the first two questionswithin the range of uncertaintiesare respec-
tively answered yes and no, how urgent is the problem? By how much is
the ozone layer reduced with time, what are the likely consequences oi
such reductions, and what are the follow-on implications for regulating the
release of CFms to the atmosphere?

T HE ISSUE

There is little argument with the fundamental tenets: CFMS do accumulate
in the troposphere (they have been measured); apparently, a signiEcant
proportion does enter the stratosphere (again supported by several recent
measurements); CFM bonds (as measured in the laboratory) can be rup-
tured by ultraviolet radiation in the middle stratospheresome 20 to
50 kilometers (12 to 30 miles) overhead; and, finally, once CFms are photo-
lytically dissociated, they do release chlorine atoms that (at least in the
laboratory) catalyze a two-step chemical reaction whose net effect is the
destruction of two odd oxygen molecules, atomic oxygen (0) and ozone
(0,i). A chlorine atom is also regenerated, which, until removed from the
stratosphere, can catalytically destroy thousands of ozone molecules.

ESCAPE ROUTES 103

If that basic scenario is taken as valid, the next question is whether the
scenario is altered by events in the troposphere or the stratosphere. The
fact that measured amoents of cmis in the troposphere are roughly equal
to the summed production to date is almost prima fade evidence that
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ciws remain in the troposphere for years and are not removed very
rapidly, chemically as physically.

Once released by stratospheric photolysis, chlorine can, aside from
ozone, react with any number of hydrogen-containing materials present
in the atmospheremethane (CH,), hydrogen (f12), hydrogen peroxide
(H2O), or hydroperoxyl radicals (H02)to form hydrochloric acid (HC1),
which, upon drifting downward, is eventually washed ont by tropospheric
rains.

But these reactions are apparently too slow to compete effectively
with the attack of chlorine on ozone. As measured in the laboratory, the
reaction of chlorine with ozone is 1,000 times more probable than its
reaction with various hydrogenous molecules. Moreover, even if hydro-
chloric acid is formed, chlorine can be regenerated by subsequent reaction
of Ha with hydroxyl radicals (OH). The formation of HC1 is faster (sev-
eral hours) than its dissolution by hydroxyl (a few days), with consequent
reappearance of chlorine and start of another ozone-depleting chain.

The rate of the reaction of hydrochloric acid with hydroxyl depends
on the concentration of the latter, and that in turn depends on the rate of
reaction of OH with HO,_ That OH + HO, reaction, effectively a scavenger
of hydroxyl radicals, can slow the regeneration of chlorine from hydro-
chloric acid by OH and thereby reduce the rate of ozone destruction.

Measurement of the rate of reaction of OH with 1102 was one of
several research recommendations of the Interim Report of the Fanel on
Atmospheric Chemistry, issued in July 1975.° The purpose of that report
was to

Focus attention on a number of important atmospheric and laboratory studies
that will aid in assessing the extent to which chlorolluoromethanes and other
anthropogenic halogen-containing compounds will affect the ozone layer in
the stratosphere,

Aside from informed 'judgments relying on vhat is known of chem-
istry and transport in the atmosphere, there is the possibility of the
unsu pected: reactions occurring in the troposphere or stratosphere that

* Interim Report of the Panel on A
Washhigton, RC., 8 pp,

Ibid,, p. 2.
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remove chlorine rapidly enough to put ozone reduction below the poiote
of concern. Such a dens er inachina is difficult to rule out, since that
requires the consideration of all possibilities, with the implicit possibility
that a critical factor may lie overlooked. An ideal test would be a precise
materials balancei.e., measurement of the concentration of relevant
atmospheric constituents and comparison with what has been released
into the atmosphere. Another way to search out possible stratospheric
sinks for both CFMs and chlorine is to compare observational measure-
ments at different altitudese.g., of chlorine and chlorine oxideswith
predictions by different models. Observational and predicted results
should deviate appreciably if important chlorine-removing reactions are
not included in the models used to calculate the effects of cems On MOM
levels.

Aside from these specific considerationsremoval of chlorine as HO
or the possible existence of unknown sinksthere is the complexity of the
stratosphere itself. It has little wind, few clouds, and is populated by a
wide assortment of chemical species: ozone itself, at less than 1 part per
million; oxygen (molecular, various excited atomic forms); nitrogen oxides;
and free radicals and other unstable chemical species. There are also par-
tides of varying size and composition adrift in the stratosphere, and their
participation and role in reactions affecting ozone are still under study.
In any case, precise descriptions of stratospheric events are very difficult.
For example, as an NRC report, Environmental hnpact of Stratospheric
Flight,* pointed out: "It requires seven chemical reactions to give a mini-
mum statement of ozone chemistry. It requires 30 to 50 reactions to carry
out a quantitative treatMent of stratospheric chemistry. . "

The character of the ozone layer adds to the complexities. There are
gross variations in ozone levels, both in titne and in latitude. There are, for
example, daily changes of 5 to 10 percent, depending on season; annual
changes of 5 to 25 percent, depending on latitude; and, superimposed on
these, longer, less regular changes in mean global concentrations possibly
extending over a decade or two, with the trend in the sixties a rising one 105

followed by a general reversal in the seventies, But the cyclical changes

NaUonal Research Council. 1975 Environmental Impact of Stratospheric Flight. Natio -al
Academy of Sciences, Washington, D,C., p. 119.
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in ozone levels are really tangential to the problem raised by the proposed
intervention of CFMS in the stratospheric ozone cycle.

The issue here is direct interference with natural phenomena: a
unique, averaged, unidirectional change in stratospheric ozone. A helpful
analogy is another global condition that fluctuates daily, seasonally, and
even centenniallytemperature. There is reasonable evidence that a
change in mean global temperature of 1 degree or less can have significant
effects; differences in mean global temperatures between a full ice age and
today's climate are 4 to 6°C.° While reasoning by analogy has its faults,
the evidence of global temperature is a useful model for clarifying the
significance of a systematic change in ozone levels induced by CFMS.

Our lag in understanding stratospheric processes is evidenced by the
fact that only within the past 10 years has the role of nitrogen oxides as
a sink for ozone become known and understood. However, considerable
progress has been made in the past 3 years through the Climatic Impact
Assessment Program (cup) of the U.S. Department of Transportation,

1 to study the effect of jet aircraft emissions on ozone concentrations
tratosphere.

The CIAP resultsas well as the various models of ozone reduction
that have been prepared and, especially, more recent laboratory and
observational measurementswill be used by the Panel on Atmospheric
Chemistry in making a judgment, within the range of uncertainties, of the
existence of chlorine sinks, major and minor, and their likely effects on the

tent of ozone reduction.

W AT TO DO

If the ntific inquiry and the measurements uphold the basic conten-
tion, if no compelling evidence for alternate chlorine removal processes
in the troposphere or stratosphere are found,.and if the predicted extent
of ozone reduction is significant, then the issue becomes one of what to do.

106 Of course, there is a spectrum of choices available, premised on a
gradual reduction in the manufacture and use of CFMS. But at what rate?
With what timetable? For what uses?

The touchstone in responding to those questions is the extent of ozone

" Reid A, Brysen. A perspective on eIimac chunge. Science 184:753.
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reduction and the time scale in which it happens. This depends on several
things, including the rate of cFm transport to the stratosphere (very slow

and estimated at about 1 percent per year) and the fraction of CFMs
injected into the troposphere that is removed before it reaches the strato,

sphere (now thought to be very small).
The slow atmospheric transport of CFms and their extraordinary sta-

bility until they reach the middle stratosphere means that their effects on

ozone levels can, in principle, continue into the next millennium, even if

CFM Vse is stopped immediately. The question is thus what the extent of
ozone reduction is over time, and what differences various timetables for
reducing or ending ond use will make in that level.

Several investigators have calculated the probable extent of ozone
reduction with time, and, while they differ, the differences are not greaç
being at most a factor of two or three. The variations result from different
assumptions about factors such as rate constants, photochemical behavior,

and the rate of vertical transport into the stratosphere. Most of the trans-

port calculations use an empirical modeleddy diffusionthat describes
vertical transport but says nothing about horizontal circulation, simply
assuming a very rapid horizontal spreading. The eddy diffusion model is
derived from the measured transport of trace materials in the atmosphere.

It has been used to estimate the rate of reaction of nitrogen oxides with

ozone and atomic oxygen by incorporating into it the known chemical
reactions of the stratosphere. The results have been reasonably good; how-

ever, tbree-dimensional models may eventually provide a more accurate
treatment of the natural ozone cycle as well as of the CFM problem,
although arguments can be made about how significant the improvements
will be.

Quite obviously, as confirrnkl by the Interim Report of the Panel on
Atmospheric Chemigtry, there is a wide range of data and measurements
that would be useful in shaping the Panel's judgments and recommenda-
tions. The Panel must determine the probable extent of ozone reduction
and identify and estimate the sources and ranges of uncertainties in that 107

determination. The Committee on the Impacts of Stratospheric Change

will then devise recommendations based upon the Panel's results, includ-

ing the various uncertainties. As Cordon MacDonald points out in his

essay ( pages 111-120), uncertainty, complexity, and the often antithetical
demand of decision makers for firm yes/no judgments are virtually
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endemic to technological decision making. The s'tuation in regard to the
effect of chlorine from man-made sources on the ozone layer is no differ-
ent; indeed, in the future this issue may be viewed as a model of how the
technical community can render effective advice to policymakers on issues
that ripple through society and affect a significant portion of our
population.

Panel on Atmospheric Chemisity, Committee on the Impacts of
Stratospheric Change, Assembly of Mathematical and Physical
Sciences; Panel Chairman, H. S. Gutowsky of the University of
Illinois at Urbana-Champaign; Staff Officer, Bruce N. Gregory.
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Science
Advice on
Environmental
Regulations

Science advice in the middle of the 1970s differs in fundamental ways from
what it was in the 1950s and 1960s, which some consider the golden era
of science advice. The scientific issues then included ballistic missiles,
nuclear weapons and nuclear energy, the space program, oceanography,
and high-energy physics. All required very substantial government expen-
ditures, The involved industries were for the most part not labor-intensive,
rarely had large consumer markets, and were closely wedded to govern-
ment action, since they and their employees were dependent on govern-
ment contracts and subsidies. Scientists were often intensely involved in
the formation of government policies affecting further development of the
space program, oceanography, high-energy physics, and similar scientific

and technical programs.
There was, in effect, a tightly knit community of common purpose:

several major industries, the scientific and technical community, and vad- 111

ous government agencies and congressional unitsall interested in the
furtherance of a variety of scientific and technical enterprises.

But these programsand the scientific advice that helped shape
themhad little impact on the day-to-day activities of most Americans
and actually directly affected relatively few. Even though billions of dol-
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lars were spent on highly visible technological enterprises, the only real
involvement for most citizens was in the taxes they paid.

The regulatory environment of the 1970s changed that The kind of
cars we drive, the quality of our air and waters, the efficacy of our medi-
cines and drugs, the kind of pesticides sprayed on crops, or the siting of
an electric power plant are all affected Ln some way by regulations that
have come into force in the past several years.

Our lives are now influenced directly by decisions of the regulatory
agencies and by explicit regulations in legislation. Correspondingly, scien-
tific advice impinges more directly and more meaningfully on the citizen
in the mid-1970s than it did in the 1950s and 1980s.

Of course, regulatory legislation is not a new phenomenon, nor is
associated scientific advice. The Food and Drug Act was passed in 1906;
the Insecticide Act in 1910. The 1938 Food, Drug, and Cosmetics Act
focused attention on the possible dangers to the public from the increas-
ingly complex food industry. The Federal Insecticide, Fungicide, and
Roden ticide Act of 1947 furthered interaction of science and regulation.
But these laws were only a prelude to the crescendo of regulations to opine
from legislation passed in the late 1960s and early 1970s.

That the new regulatory setting would provide new difficulties for
science advising was foretold in 1953 by the highly publicized cast of the
AD-X2 battery additive, which pitted scientific judgment and analysis
against acceptance in the marketplace. A vendor of a chemical that vas
supposed to extend the life of storage batteries was challenged by govern-
men t agencies, including the Federal Trade Commission. The FTC argued
that the product had no merit, according to tests run at the National
Bureau of Standards. The vendor provided testimonials from satisfed
customers and was supported by the Secretary of Commerce and other
political leaders in his opinion that customer acceptance was the real test .

of the value of a product. The regulatory agency felt that the law com-
pelled it to use scientific evidence to protect the public by ensuring the

112 quality and reliability of commercial products. But at that time political
leaders felt that science should not be concerned with regulatory matters,
and the vendor's position was upheld.

The complexities of today's regulatory decisions makes the AD-X2
model of simplicity. For instance, regulations on permissible auto

emission levels affect a very substantial fraction of the nation's total econ-
omy and employment, and they have multiple international consequences

1 0
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involving not only balance 'of payments hut overall international trade
stability.

As the AD-X2 ease warned us, implicitly technical questions are not
always resolved on technical grounds. This remains true today. While
scientific advice can be a useful guide to the decision maker in promulgat-
ing regulations affecting a good part of the population, it is not invariably

the final arbiter.

NEW INSTITUTI NS AND NEW PROBLEMS IN
ENVIRONMENTAL MANAGEMENT

To gain a better perspective on the regulatory arena in which science
advice is now sought and given, it is helpful to examine briefly the genesis
of environmental laws enacted within the decade.

Spurred by Rachel Carson's poignant Silent Spring and other works,
political leaders in the congressional and executive branches in the 1960s
intensified their interest in environmental problems. An example of this
interest was a landmark study in 1965 by the President's Science Advisory
Committee (PsAc), Restoring the Quality of the Environment. While
clearly pointing to the need to increase the effectiveness of our regulatory
base for environmental management, the study also strongly recom-
mended a careful investigation of a "tax" system in which all polluters
would be subject to "effluent charges in proportion to their contribution
to pollution." While many of the recommendations of the psAc study were
acted upon, this particular one is still dormant, with the net effect that
today's management of the environment has been given over to the regu-
lators; i.e., rather than financial levies used to dampen pollution levels, the

tack is a regulatory one that specifies allowable pollution levelstypically,
ambient air quality standards are the basis for emission standards, which
in turn are ultimately enforceable by the federal government and the
federal courts.

A major element in setting the nation's environmental posture and in 113

spurring analysis of programs and policies affecting the environment was
the National Environmental Policy Act (NEPA), passed by Congress in
1969 and signed into law by President Nixon on January 1, 1970. Sec-

tion 102(2)(C) of NEPA requires a comprehensive assessment of the wider
and less easily measured environmental impacts of federal actions and

policies.
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NEPA Was drafted as an administrative law in the sense that it requires
federal agencies to "take into account" the wider and longer-term conse-
quences of their actions. What was not clear from the legislative history
or from NEPA itself was whether "to take into account" was a procedural
or substantive requirement. Subsequent court rulings have left this
question open.

The NEPA experience has encouraged analysts both inside and outside
government to devise new techniques for project evaluation and to em-
bark on a. novel interdisciplinary decision-making process. However, many
of the advantages of, impact analysis, both real and potential, have not yet
been assimilated in the decision-making process in the regulatory environ-
ment. Because of what is seen to be nonsubstantive consideration, such as
congressional jurisdiction, the regulatory process itself has been exempted
from the requirements set forth in section 102( 2)(C) of NEPA. As a result,
many opportunities for science advice exist in a different forum andformat
from those provided by NEPA.

Moving in sympathy with the forces that created NEPA were intense
pressures to remedy the serious weaknesses in environmental management
that were described in the PSAC report and by various public and private
groups. Congressioual leaders wanted reforms. A presidential commission
headed by Roy Ash, citing dispersion of environmental regulation among
a large number of federal agencies and subagencies, recommended the
creation of a new agency with broad regulatory powers. In 1970, the Envi-
ronmental Protection Agency (EPA) was created to take over the functions
of a large number of small regulatory units in the government.

Shortly thereafter, the President signed into law the Clean Air Act
Amendments of 1970. Thus, the fledgling agency was faced with the
immediate task of creating and then enforcing a vast variety of regulations
to control air pollution at the same time that it was organizing itself.

The coincidental creation of the EPA and the passage of the Clean Air
Act Amendments influenced _in a major way the development of the
agency's regulatory philosophy. For example, the Clean Air Act required
that primary air quality standards be set to fully protect the public health
and that these standards contain an adequate margin of safety. In man-
dating these standards, the law assumed a threshold concentration for air
pollutants below which there are no adverse health effects. But the wis-
dom of that assumption has been questioned. For example, it may be that
susceptible people exhibit adverse health effects at concentrations below
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primary ambient air standards and eveii down to natural baekground

levels.
However, the legIslated requirement to fully protect the public health

and the assumption of threshold concentrations at an early stage closed
down other approaches to setting standards, For example, given more
leeway, the agency could have adopted a costbenefitrisk approach to
standard setting. Bather than setting specific levels, a continuum of prob-
able health risks for various segments of the population and control costs
could have been established, and regulatory enforcement policy could
have been set accordingly. An attempt could have been made to balance
costs against health risks.

COST-IJENEFIT-IIISK ANALYSIS

Of course, while the costbenefitrisk approach is attractive, it is often
very difficult to apply in practice. Basically, it is much easier to calculate
control costs than to assess in some quantitative way the benefits of avoid-
ing health risks. But, in spite of the difficulties and the axiomatic point that
one cannot measure environmental health solely in terms of dollars since
one cannot price what is inherently priceless, costbenefitrisk analysis
does have the advantage of avoiding generalities. It focuses attention on
dollar decisions. Since regulatory decisions can have vast economic con-
sequences, this kind of quantitative analysis has the value of bringing
together factors affecting costs and benefits in an organized way and thus
facilitating debate on the adequacy or inadequacy of regulations.

Costbenefitrisk analysis has the further value of making explicit
fundamental underlying assumptions. Some have argued that where the
health of the public is concerned, money is no object: "We must take every
precautionwe cannot afford to compromise on the nation's health."
However, costs are associated with every regulatory decision, and the
most effective overall environmental program tries to put each dollar
where it will add most to the total effectiveness. The emphasis should 115

not be on cost, but on cost and effectiveness together.
But these sorts of costbenefitrisk benefit considerations have been

deemphasized by the evolution of the threshold concept, which, in turn,
was essentially forced by the requirements of the Clean Air Act. Still, these
considerations areor should beimportant in assessing the overall bene-
fits of regulatory programs. For example, the control of emissions from
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automobiles will involve national expviidlttircs measured in blllious of
dollars a year, though relatively little of this will be spent by the federal
government. While these costs do not show up in the federal budget in the
same way as sewage treatment plants do, they are just as real. In consider-
ing such expenditures, we should examine whether an additional billion
dollars a year spent on controlling oxides of nitrogen from moving sources
will be as effective in protecting human health as the same amount spent
on controlling oxides of nitrogen from stationary sources. Or, would such
an expeinfiture be more valuable to the overall health of the nation if it
were employed in controlling the dispersion of toxic materials in the
envirmiment?

An examination of the marginal costs and effectiveness of various
alternatives may be even more important in the legislative process than
in the regulatory process, sine(' regulations codified into law are difficult
to change. For example, as mentioned above, the Clean Air Act requires
that the EPA Administrator protect the health of the public with an ade-
guide margin of safety, an implicit regulation. The same act also requires
a 90 percent reduction in automobile emissions within a specified time, an
explicit regulation.

These legislated timetables and goals have led to the promulgation
of %illations to achieve short-term goals without concern for the long-
term implications. The legislated strict automobile standards with short
deadlines influenced if not actually forced the automobile industry to
follow one particular technology, the catalytic converter, without paying
sufficient attention to alternate technologies that perhaps offer greater
promise for the long term. Short deadlines for municipalities in meeting
sewage treatment requirements, as required by the Water Pollution Con-
trol Act Amendments of 1972, led to replications of past technology and
little or no incentive to find better methods. Legislated time pressures
have kept EPA from preparing a multiyear plan that weighs regulatory pro-
grams and their marginal costs against various technological options.

116 Planning for the future will require the careful analysis of the con-
cept threshold for health effects, the examination of technological
options to achieve health standards, and the consideration of the long-
term impacts of regulatory decisions. At a more fundamental level, the
whole issue of whether regulation is the most appropriate tool to manage
the environment should be seriously questioned. Other management tools,
such as the use of effluent charges, need to be critically assessed. Other-
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wise, we may be frozen into an unmanageable system with an ever-
growing regulatory bureaucracy.

ENVIIION ENTAL ANALYSIS

Whatever the process for making regulatory decisions affecting the envi-
ronment, it should be done within as broad a context as possible. This is

where scientific advice can perhaps be most helpful. In most cases, deci-
sions involve elements that are part of a larger system, and good decisions
recognize that fact. For example, regulatory decisions on effluent limita-
tions of sulfur oxides from power plants should take into account the need

to dispose of the solid wastes generated by stack gas scrubbers, the inter-
action of sulfur oxides with other components of the atmosphere, and the
possibility of forming "secondary" pollutants whose adverse effects may
he even greater than those of the sulfur oxides. The costs involved, the
availability of the technology, and the implications for economic health
of the affected region are also elements that require analysis. The electrical-
power-generating plants emitting sulfur oxides are but one part of the
larger, interrelated system. Rational regulatory decisions cannot be made
without an understanding of that overall system.

The kind of environmental analysis required is not found in a single
discipline. The analysis is not physics, engineering, mathematics, biology,
medicine, economics, or political science; yet it will involve elements of all
the.ie disciplines. Environmental analysis requires much more a. frame of

mind than a specific body of knowledge. Like any good analyst, an envi-
ronmental analyst must be a relentless inquirer, asking fundamental
questions about the problem at hand.

Environmental analysis is not a panacea for problems of environ-
mental management. Most environmental issues are highly complex, with
variables of unknown or uncertain magnitude. No study can account for

all the variables or quantify all the factors involved, but good environ- 117

mental analysis can be an aid to judgment by clearly defining issues and
alternatives, by indicating uncertainties in the data when such uncertain-
ties exist, by clarifying underlying assumptions, and by further indicating
the probable cost of hedging against major uncertainties.

A good analysis is characterized by openness, explicitness, objectivity,
the ise of empirical data, quantification, and a self-correcting character.
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At the same time, it should be recognized that many of the underlying
assumptions are either not rigorously verifiable or cannot be verified at all.
Many of them involve value judgments to be made by policymakers as to
what an uncertain futureis likely to be or should be. The point of environ-
mental analysis is not to give the answer but rather to show how the
answer depends on various issumptions and judgments.

For example, the analysis of the costs and benefits of automobile
pollution control strategies is not scientific in the same sense as physics or
engineering. In important ways this kind of analysis draws upon the scien-
tific method, using that term in its broadest sense; however, this fact does
not make it scientific.

As in other fields of analysis, the assumptions drive the conclusions.
There can be no doubt about the fact that there is not a single "right" set
of assurfiptions, but only a variety of relevant assumptions, each more or
less equally defensible. Ultimately, all environmental policies, and regu-
latory decisions, are made on the basis of judgment; there is no other way.
The real issue is whether judgments have to be made in a fog of in-
accurate data, unclear and undefined issues, conflicting personal opinions
and hunches; or whether they can be made in the clearer atmosphere of
relevant analysis and experience, accurate information, and well-defined
issues.

Quantitative environmental andysis is possible even if there are un-
certainties. And rather than concealing uncertainties, a good analysis will
bring them out and clarify them. There is the obvious tendency to ignore
mportant nonquantifiable factors, but this failing is less likely if a sys-

tematic approach is used in the analysis. The analysis must lay out clearly
the assumptions, uncertainties, and calculations so that both the decision
maker and the critics can see what was done and whether the analysis
overemphasized quantitative factors. Good documentation of the analysis
is essential if the regulator is to know which factors were used and which
were neglected.

118 A good example of an analysis ih which there were large uncertainties
but that still clarified the basic issues was the 1974 NBC study, The Costs
and Benefits of Automobile Emission Control.° Despite the lack of "hard"
data, the study did arrive at a ballpark estimate of the damages risulting

° National Research Council. 1974. Air Quality and Automobile Emission Control. Vol. 4.
The Costs and Benefits of Automobile Emission Control. U.S. Government Printing Office,
Washington, D.C.
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from automobile emissions and did provide guidance on the most eco-
nomical strategy for controlling these emissions.

NEED FOR INDEPENDENT ANALYSIS

A soand environmental analysis also contains a recognition of the built-in
institutional biases of various organizations that have a say in regulatory
decisions. The Environmental Protection Agency has a legal responsibility
to protect the environment and in so doing will have an institutional slant
towards environmental protection. The Department of Commerce in com-
menting on regulations will have a different institutional slant, one pro-
tective of business and industry. The Treasury Department will be less
concerned with the esthetic benefits of emission control but will empha-
size international trade impacts. The Office of Management and Budget
in its coordinating function will bring still a different view, with concern
about the macroeconomic consequences of a particular regulation and the
impact of that regulation on employment and overall economic well-being.
Others will examine regulatfons from a political point of view. The agen-
cies can call on outside consultants, but they are more likely to use those
consultants who reflect the agencies' biases. Jn light of this, it is important
that regulatory decision makers have independent analyses available to
them.

Clearly, no group is completely free from bias, but freedom from
biased institutional settings can help. This does not mean that the analysis
proceeds without consulting with experts associated with various institu-
tional points of view. But it does mean that the final analysis should be
done in a setting as free from institutional biases as possible. The NBC-
with its stringent selection of committees, its personnel, its bias forms, and
its review proceduresprovides an institutional base that is as indepen-
dent and free from bias as is realistically possible.

Over the years, the NRC has presented to decision makers in the execu-
tive and congressional branches rigorous analyses pertinent to regulatory 119

decisions. Some of the perils of that process are illustrated by the report
of the May 1975 Conference on Air Quality and Automobile Emissions.
This report, which drew on 4 years of efforts by various groups within the
NRC, gave conclusions distasteful both to the regulator (EpA) and to the
regulated industry. The analysis, which was open and documented, in-
cluded many conflicting points, such as the state of development of the
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three-way catalyst, the saving associated with implementing a hvo-car
strategy , and the health benefits of reduced carbon monoxide and hydro-
carbon emissions.

Perhaps predictably but still surprisingly, since the report essentially
reaffirmed judgments given in previous ?gm', studies, there was consider-
able criticism, principally from senior officials of the automobile industry.
These criticisms were carefully examined and answered in a supplemen-
tary statement issued in late July 1975. None of the judgments in the
original conference report were changed.

Finally, in considering the role of scientific advice and analysis ill
environmental decision making, it is well to recall that laws and regula-
tions are not always drafted with sole concern for scientific facts and
realities. These decisions are often highly political and, therefore, subject
to intense political pressure. They can, in fact, affect a large fraction of
the population, and as a result the decision maker is buffeted by the atten-
tion of the public media. These pressures often result in decisions that may
appear to be intended to anticipate public reaction rather than flowing
from a rational analysis. The public may not be well informed, and the
anticipated reaction may or may not conform with the analysis provided
by either independent or governmental groups. This may not appear to
be the most rational approach, but it is a reality of the decision-making
process.

CONCLUSION

It is commonly held that most environmental issues are too complex to
be understood. The fact is that every effort must be made to understand
them. This requires both analysis and judgment. Analysis by itself cannot
answer many questions that may turn out to be the most important factors
in any decision. There are also questions that cannot be answered by judg-
ment and experience alone. A mix of judgment and analysis is essential

120 if we are to have better regulatory decisions. The development of the
methodologies and analyses of the kind described above can help restore
public confidence in the wise use of the scientific method to deal with
issues affecting a large fraction of the public.

GORDON j. F. MACDONALD
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Study Projec s

ANALYTICAL STUDIES FOR THE
U.S. ENVIRONMENTAL PROTECTION AGENCY

The National Environmental Policy Act (NEPA) of 1969 declared it the

policy of the federal government

te use all practicable means and measures, including financ al and technical
assistance, in a manner calculated to faster and promote the general wel-
fare, to create and maintain conditions under which man and nature can
exist in productive harmony, and fulfill the social, economic, and other
requirements of present and future generations of Americans.

NEPA S goals were seconded by a troop of environmental laws: the
Clean Air Act Amendments of 1970, the Federal Water Pollution Control
Act Amendments of 1972, the Noise Control Act of 1972, the Federal 121

Environmental Pesticide Control Act of 1972, the Safe Drinking Water
Act of 1973, and others. All these laws matched broad federal enforcement
powers to stringent standards and deadlines. They effected remarkable
changes for a society that historically had equated economic growth with
progress: sharply reduced auto emissions, virtual banishment of DDT and
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other persistent pesticides, all the nation's waters swimmable by 1983,
assessments in advance of the environmental impact of new governmental
ac lions.

The laws were responses to a twentieth century "tragedy of the corn-
mons"overuse of what is not priced. "Since we have not been able to .

assign private property rights to all the air and water," wrote Edwin
flaefele, a political scientist, "we have owned them in common and cared
for them least.

The new laws departed from the bottom-up mode of environmental
decision making irtherited from English common law. Instead, they enun-
ciated national goals from which objectives and alternative ways to
achieve them could be developed. The problems inherent in- top-dowri or
centralized decision making were often recognized, and opportunities for
midcourse corrections of poorly chosen goals were provided. The legisla-
tive hearMgs were often lengthy and the laws complex and detailed in
their mandates; the 1972 amendments to the Federal Water Pollution
Control Act gestated for 3 years, cover 89 pages, and are exhaustive in
detail.

But still none of the environmental laws passed in the 1970s said how
to do it; the technological route was left the regulatory agency. What is
the best practicable technology for controlling water effluents? Are cata-
lytic converters the best way to achieve mandated auto emission levels
within a specified time? What standards should be set for various indus-
trial effluents to meet water quality standards? Which pesticides should
be banned, and which should not? What are acceptable noise levels for
new construction machinery? Are tall stacks a valid way to comply with
the nation's wish for cleaner air? Are effluent standards the best approach
in all cases, or might other incentivessuch as effluent chargesbe better
under some circumstances?

The new laws gave to the Executive the power to make decisions that
are inherently difficult, that invoke uncertainties, and that must rely on a

122 well-reasoned ordering of scientific and technical information ( which in
any case is always incomplete and uncertain). The laws are pervasive and
often have serious effects on national and regional economies, on the
relationships of states to the federal government, on business planning and
profits, and on the style of American life.

The new laws have had difficulties. Some regulatory decisions have,
in retrospect, been unfortunate ones. Legislative language has at times
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seemed ambiguous in interpretation and unworkable In practice. Judicial
review has in many casese.g., the cost effectiveness of sulfur oxide
removal from stack gases, the adequacy of environmental impact state-
ments, the health effects basis for limiting asbestos fiber discharges into
Lake Superiorsuperseded the decision-making process, subjecting it to
the limitations of the adversary process.

There has been substantial progress, albeit, in scattered areas. There
ate measurable improvements in the quality of urban air, although in some
urban areas primary health standards for air pollutants will not be met for
many years. Secondary or biological treatment for waste water is now
more common, although phosphate and nitrate nutrient levels are appar-
ently increasing in many water systems.

So it is against a backdrop of both real progress and continuing con-
troversy over whether future benefits justify present costs that the NRC

has undertaken a series of analytical studies of regulatory decision making
by the U.S. Environmental Protection Agency. Five million dollars was
allocated for the effort by the Congress in the 1974 EpA Appropriations
Act.

The essential purpose of the Nuc studibs is to analyze the way EPA
makes decisions and suggest improvements, particularly in assuring that it
makes optimal use of scientific and technical information, reaching care-
fully evaluated, interpreted value judgments, clearly distinguished from
facts, and making them available to politically responsible officials in a
timely manner and in 'a useful format. Given various ways of applying
what we knowe.g., mathematical models for simulating the real world
and predicting the effects of specific actionswhat is the best we can do
in carrying out the intent of the nation's environmental laws?

The Academy's effort to assist the EPA is composed of a great many
pieces (Table 1). There is first an examination of the decision-making
process itself: How has it worked in the past, as applied to specific situa-
tionse.g., use of DOT against the tussock moth in the Northwest in 1974;
fitting of regulatory options in the Clean Air Act to cadmium, vinyl 123

chloride, and other chemicals; and regulation of automobile emissions?
How might decisions be made within an "ideal EpA"? And how cam they
be better made in the real world without ignoring realitiesinformation
uncertainties, costs, social disruptions, energy supply, pressures from
private interests, and the political effects?

Costbenefit analysis in decision making will be explicitly examined
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Table 1 Analytical Studies for the U,S. Environ

Project

ental Protection Agency

Committee Chairman Staff Officer s

Steering Committee for
Analytical Studies

Environmental Decision
Making

Environmental Research
Assessment

Review of Management of
EPA'S Research Activities
( completed)

Environmental Monitoring

Environmental Manpower

Ocean Disp( mnicted)

Energy arid the Environment

Societal Consequences of
Transportation Noise
Abatement

Use of Scientific and
Technical Information in
Pest Control Decision
Making

Study of a Multimedia
Approach to Municipal
Sludge Management

R, M. Solnw,
Massachusetts Institute
of Technology

J. P. Ruina,
Massachusetts Institute
of Technology

J. NI. Neuhold,
Utah State University

R. W. Berliner,
Yale University

J. W. Pratt,
Harvard University

E. F. Gloyna,
University of Texas,
Austin

D. S. Gorsline,
University of So them
California

S. I. Auerbach,
Oak Ridge National
Laboratory

W. J. Baumol, J. Singer
Princeton University and
New York University

W. C. Eden, I.. C ayton
Lawson Community
College, Birmingham,
Ahthaina

C. R. Malone, R. F. Ehrhardt

It. C. Kasper

M. F. Uman E. Croth

M. L. Straf, J. S. Hunter

S. J. Ware, P. P. Nowers

urroughs

E. 1. Salmon

Harvey O. Banks,
Harvey C. Banks Con-
sulting Engineer, Inc.

R. H. Burroughs

by the Committee on Environmental Decision Making. Costbenefit
analysis is an old technique, used by government to assess actions involv-
ing goods, services, or consequences for which the market has not set a
price. An electrostatic precipitator or a secondary treatment plant has a
market price, but a fractional reduction in particulate matter or a cleaner
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river does not; government must, in effect, do the pricing and make the
choices for the market. Of course, cost-benefit analysis in its grossest
formdo the extra or marginal costs outweigh the marginal benefits, or
don't they?is simple common sense (if the data exist). It is in the shadier
areas, where it is difficult or impossible to evaluate the benefits or even to
identify them, that the technique begins to run into trouble.

The heart of the issue, as explained by Robert Dorfman of Harvard
University, a member of the Committee on Environmental Decision Mak-
ing, "lies in deciding what benefits should be included and how they
should be valued. The debate about benefit-cost analysis centers on the
question of whether the social value of benefits can be estimated reliably
enough to justify the trouble and effort involved in a benefit-cost compu-
tation." That will be one of the judgments of the Committee.

The fodder for benefit-costs analysis is information. The Committee
on Environmental Monitoring (col) will consider how information is and
should be gathered, in what form, using what sort of selection criteria, and
by what paths it enters and moves through the decision-making process.
As noted by the Council for Environmental Quality in its fifth annual
report, there is "a critical need for accurate and timely information about
environmental conditions and trends, in order that important decisions

fecting environmental quality and natural resources can be made on the
most informed basis possible. The key word here is information, not just
data."

At first, considering the widely reported powers of analytical instru-
mentation, monitoring seems to be an issue where answers outnumber
questions. But this conclusion ignores the capriciousness of nature. A mea-
surement of sulfur oxide levels must factor in the local weather when the
measurement was taken, the location of the instrument (e.g., how near a
power plant or highway?), the time of day, and the height of the instru-
mentat ground level or rooftop. Sophisticated monitoring must also
allow for the transformation of pollutants by atmospheric chemical
reactions, some understood and others not.

Monitoring without sophistication not only adds to contention but
also can so confuse regulators that they may not know what action to take
nor what the effects will be if they do act.

A corollary to the need for intelligent gathering of data is the need
to communicate it in a form that is usable to decision makers not sensitive
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to the nuances of analytical chemistry. The probabilistic nature of mea-
suremen ts should be made clear. The understandable wish to collate data
and condense it into a few numbers or indices, or even to a single value,
may lead to deception, if the origin of the numbers, and their qualifiers,
s not made plain.

To monitor means to understand what to look for, and that means
research. It means understanding the impact of chemical reactions on
biological systems in rivers and lakes and the lesser known reactions in the
atmosphere. It means being able to differentiate qualitatively and quanti-
tatively between natural and man-made atmospheric components. These
and other issues in research are being considered by the Committee on
Environmental Research Assessment.

Particularly lacking are reliable indicators of the relationship between
constant exposure to a low level of a specific chemical and the biological
response. "Presently available data," comments a report of the Council on
Environmental Quality,

on such health effects involve many uncertainties. For the most part, these
data do not enable the accurate identification of pollutant levels which
constitute the "lower limits" for producing such effects. Rather, most such
levels have been necessarily estimated, often somewhat crudely, and possi-
bilities exist that some present ambient standards may be set too high.
Secondary effects, including damage to property and vegetation, are even
less well understood.

These NRC core studies on environmental decision making, monitor-
ing, and research needs are supplemented by an analysis of environmental
manpower needs. Singular in the methodological difficulties it poses (refer,
for example, to the article in the human resources section on the study of
biomedical and behavioral research personnel needs), this study will try
to estimate future needs for people with various kinds of training at
various levels of the environmental control process and then will suggest
how uch people can be recruited and trained.

126 There are (as indicated in Table 1), several studies of specific issues,
each probing the many difficulties of environmental decision making. For
example, the study on pesticides and regulatory decision making should,
like a fine miriature, render in detail the trials of the larger world of envi-
ronmental management. The governing statute is the Federal Environ-
mental Pesticide Control Act of 1972 (FErcA), which amended the Federal
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Insecticide, Fungicide, and Rodenticide Act of 1947. FEPCA was intended
to move the locus of decision making in pesticide regulation from the
courts to the more appropriate arena of scientific and technical judgment.
It has not quite worked out that way. The process of judicial review has
pulled scientific evidence and judgments back into adversary proceedings.
The committee will examine some of the difficulties that arose: How is
scientific information used in the adversary context? How is it evaluated
and validated in public hearings?

There are other issues. The effort will conclude in March 1977 when
a report, synthesizing the findings of all the committees, will be issued by
the steering committee for these studies, chaired by Professor Robert M.
So low of the Massachusetts Institute of Technology.

Steering Committee for Analytical Studies for the U.S. Environmental
Protection Agency, Commission on Nahrral Resources. Chairman,
Robert M. So low, Massachusetts Institute of Technology; Executive
Secretary, Charles R. Malone.

REDISTRIBUTION OF ACCESSORY ELEMENTS
AND COMPOUNDS ASSOCIATED WITH
MINERAL RESOURCES EXPLOITATION

Necessary to the sort of environmental analysis described by Gordon
MacDonald in his essay is not only the availability of basic information,
but also some assurance of its quality, scope, completeness, and timeliness.
We are now painfully aware that we must assess in advance the environ-
mental effects of our activities, most particularly when those activities are
large in scale, involve the use of new technologies, and exploit new
resources.

The study described in the title is an effort by the NBC Board on
Mineral Resources to analyze what we do know and what we need to
know in order to assess Potential by-product production and environmen-
tal loading from future mineral exploitation.

The present study represents a continuation of concerns for aindhary
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impacts associated with future raining operations as expressed in the 1975

NRC report on mineral resources and the environment

The situation where wastes associated with resource extraction were small
enough to permit of easy disposal no longer obtains; many parts of the
environment can no longer "dispose" of or "process" all the wastes they
receive without detriment [p. 288],

Future trends in conventional mining will require resort to leaner ores, and
ores in less accessible places. More material will have to be moved in order to
realize the necessary levels of mineral production [p. 54],

The task of the study, as summarized in the proposal, will be to
provide

a review and assessment on the adequacy of the chemical information
base, the chemical nature of the_ new deposits, the kind and degree of acces-
sory element and compound production and the consequent redistribution of
various chemical species. The study would aim to provide an alert to poten-
tial problems of environmental loading and provide recommendations for
program planning, research needs and alternative technological options.

The deposits to be looked at are present or future candidates for

intensive exploitation. They include coal, 'uranium, and oil shale deposits,
as well as new sources of iron and aluminum ores.

COAL

Sulfur in stack gases and acid wastes draining from abandoned coal mines
are well-known examples of the "environmental loading" due to coal min-
ing. Coal, because of its plant origins, is endowed with many elements,
particularly metals. The concentrations vary, but local -coal deposits may

be quite rich in some of these "impurities," and, in fact, sorne lignitic coals

are a possible source of uranium. While we have a reasonable general
understanding of the chemistry of coal and its deposits, we lack the firm

data on regional variations that will be needed both to plan the control
128 of the untoward effects of coal mining and to plan for the recovery of

useful by-products. The need is obviously imperative, since, according

to current projections, coal production may well double by the year 2000,
with much of that increase coming from strip mines in the West.

National Research Council. 1975, Mineral Resources and the Environment. National
Ae,iderny of Sciences, Washington, D.C.
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OIL SHALE

Oil shale is a marlstone containing a solid hydrocarbon from which oil can
be recovered by simple heating. However, even for the richer oil shales,
such as those of the Piceance Creek basin in Colorado, an enormous
amount of rock must be dug out of the ground to recover economic quan-
tities of shale: 1.5 tons of high-grade oil shale for a barrel of shale oil is
an accepted figure. Moreover, a great deal of water is needed to process
shale in a region that already has relatively little of it The water may
leach salt out of the spent shale, adding to the already serious salinity
problems of the Colorado River. Whether, in fact, oil shale will be
exploited to any significant degree is still problematical and will partly
depend on the world price of petroleum and on our confidence that known
and probable environmental problems can be dealt with. The sweeter side
of oil shale mining is that there are valuable, perhaps economically recov-
erable, by-products, including aluminum and uranium.

URANIUM

Uranium oxides to fuel light-water nuclear reactors now come from sand-
stone deposits in Colorado, Utah, New Mexico, Wyoming, and South
Dakota. These deposits, while scattered and localized, can be quite large.
According to a report of the Committee on Mineral Resources and the
Environment, they vary from "a few thousand to a few millions of
tons, and in size from tens of feet to thousands of feet in length." °
How extensive these deposits are and how much uranium can in fact be
extracted from them are still being debated; of course, the cat among the
pigeons in this debate is the breeder reactor, which, by converting the
most common form of uranium into a fissionable material, can enormously
multiply U.S. uranium supplies. However, beyond the sandstone deposits,
the United States has other, albeit low-grade, uranium deposits. It is the
latter that will be the principal concern of the study. A roster might 129

include mica granites, lignitic coal, phosphate rocks, copper deposits,
and the Chattanooga black shales of the Western Appalachians that

° National Research COUnCIl. 1975, Mineral Resources and the Environment, Supplementary
Report: Reserves and Resources of Uranium in the United States, National Academy of Sci-
ences, Washington, D,C,
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reach across Tennessee, Alabama, Kentucky, and bordering states. The
latter contain an enormous amount of uranium, but in low concentTation;
typically, the Chattanooga shales contain on the average less than 0.008
percent uranium, compared to 0.1 percent for $15/pound U308.

IRON AND ALUMINUM

These metals are the most abundant in the earth's crust, and for the
immediate future the United States has access to rich and plentiful ores
of bothprincipally bauxite for aluminum and unleached, low-grade
ores or taconites for iron. However, technology, rising resource prices, and
the uncertainty of nondomestic- sources of ores may make other ores
economically appealing.

High-alumina clays arkd anorthosites are alternative aluminum
resources. Pilot plants to extract high-alumina clays have been operated
in the United States, while techniques for the economic extraction of
anorthosites are being developed by the Soviet Union and France. The
alumina clays now seem the better suppleMent to bauxite, since they are
subject to the economies of scale through large-scale strip mining of
alumina clay deposits in Arkansas and elsewhere.

CONCLUSION

In all these cases, the Committee will consider what sort of knowledge we
have and what kind we will need in order to assess the effects of rearrang-
ing the elements and compounds associated with these ores. Reports on
each resource will be issued periodically, starting with coal. The study
itself is scheduled for completion in the fall of 1977.

Committee on Redistribution of Accessory Elements and Compounds
Associated with Mineral Resources Exploitation, Commission on
Natural Resources. Committee Chairman, Arnold J. Silverman of the

130 University of Montana; Staff Officer, William R. Thurston.
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-Socio technical
Systems:
Cential and
Distributed
Goals

In 1969, an NRC committee chaired by Daniel Alpert of the Univers ty of
Illinois produced a report entitled The Impact of Science and Technology
on Regional Economic Development. That report was one of the first to
distinguish between "two major categories of national goals" for research
and development: central national goals, typified by the space program,
military research and development, and biomedical research on the major
diseases; and distributed national goals, typified by gle development of

human resources, rebuilding of cities, and conservation of water resources.
Programs in the second category were further characterized by problems
that are largely local in nature, in the approach to their solutions, and in

the consequences of these solutions.'
This categorization is a convenient one for analyzing current National

Research Council activities; however, the categorization must be consid- 133

ered in terms much broader than research and development per se. In-
deed, for distributed national goals, it is much more difficult to draw a
sharp line between n&n and the rest of the process of innovation. Innova-
tion in the realization of distributed national goals involves the interaction
of many different levels of government and a complex network of private
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institutions, including planners, suppliers, and consumers, both as indi-
viduals and collectively. A "science and technology policy" for these dis-
tributed goals cannot focus solely on the nem process but must look at the
whole spectrum of public policies that influence the direction and rate of
innovation in the delivery of services to the public in the various func-
tional areas. These policies include the allocation of human, natural, and
financial resources; regulation; subsidies; taxes; interpretation of antitrust
laws; fiscal and monetary policies; patents; and the like. Each of these
policy elements helps determine what research and development is
actually undertaken in the private sector, as well as the ability and will-
ingness of the system to assimilate the results.

The most important change in national science and technology policy
that took place during the 1960s was the shift of emphasis from central
to distributed goals in national priorities. The shift in focus and interest
has in general exceeded the shift in actual nem resources. The lion's share
of federal funding still goes into Iwo in space, defense, the cure of
specific universal diseases such as cancer, and the development of new
centralized energy supply technologies. But, using the current activities of
the NRC as an example, one sees a much greater shift in emphasis toward
distributed goals. Even within a single area such as biomedical research,
the focus of interest has shifted significantly toward the study and
improvement of the health care delivery system as a whole.

Of course, with a closer look, it is clear that a sharp distinction be-
: n central and distributed goals is never possible. For any given

national goal there are both centralized and distributed aspects. In the
words of the Alpert report:

In addressing such distributed or regional problems as transportation, air
pollution, waste disposal, control and prevention of crime, what is typically
needed is a combination of centrally directed research broadly oriented to
the problems, and locally directed necn that views the problems in terms of
specific local constraints:'

The federal agricultural research program, with its combination of
central federal laboratories, state experiment stations, and local product-
oriented laboratories, is often cited as the ideal pattern of such a blending
of central and distributed research inst1tutions,3 although this pattern runs
into the dangers of parochialism and capture by overspecialized interests.'
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DISTRIBUTED GOALS IN THE NEW NRC

Whereas centralized goals are manageable from the center as the name
implies), distributed goals are much more difficult to manage in the classi-
cal hierarchical manner that has been relatively successful in, for example,
the space program. Indeed, it may be argued that most recent efforts to
foster innovation in the transportation and construction sectors through
direct federal intervention in the research and development process have
been less than successful, if not outright disastrous.' The failures come
from a variety of causes, but most frequently from the inability of the
federal R&D management process (including the contractor) to interface
continuously and effectively with the clientele that the R&D is supposed to
serve and with the institutions and social interests that participate in or
are affected by the implementation of the ma) results in actual operating
systems. Too often, federally supported imn in the civilian technology area
attempted to follow past successful management patterns in the space and
defense areas. But in those cases the federal government itself is the ulti:
mate client and user, and the technology in a sense enters a social and
organizational vacuum with no existing technostructure and no network
of organizational vested interests other than those engaged in the per-
formance of the R&D itself.'

In the past, the structure and priorities of the Nric have partly re-
flected the orientation of federal R&D. To some extent the activities of the
Nac have reflected a dual structure. The membership of the National
Academy of Sciences and National Academy of Engineering and thus the
central management of the NRC derived from that membership have
focused largely on problems related to centralized p&p. But, at the same
time, major operating elements of the NRC, concerned with distributed
R&D in transportation, housing and building, agriculture, nutrition, and
so on, have operated quite autonomously and have been of only peripheral
interest to the membership of the Academies. The significance of the
recent reorganization of. NRC has been to bring distributed meor, more 135
accurately, the distributed innovation and planning processmuch closer
to center stage. Each of the new commissions and assemblies of the NRC
has been trying in its own way to adapt to this new orientation. Because
of the past lack of interest of the Academies, many of these distributed-
goal activities have tended to operate in close collaboration with a client
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group of suppliers engaged in carrying out a certain social function in
civilian technology; examples include state highway departments and
highway builders; architects, builders, and urban planners; and the
materials industries.

In these distributed R&D areas, the N-nc is learning how to walk an
indistinct line between purely technocratic central planning on the one
hand and complete acceptance of the assumptions and technical habits of
thought of an established supplier constituency on I the other. The first
alternative means writing reports for federal agencies, which usually get
praise from scholars but go into the archives without much further atten-
tion. The second often involves suggested solutions for detailed technical
problems of a short-range nature. Rarely is there an examination of the
implications of present trends or of impacts on a broader population
beyond traditional supplier and consumer constituencies. The Commis-
sion on Socio technical Systems (css), whose responsibility includes the
areas of transportation, building, materials, and emergency planning,
among others, has had to face this tightrope-walking dilemma with par-
ticular sensitivity, although this Commission is by no means unique in
having to come to grips with the problems of distributed innovation.

TRANSPORTATION

Such problems are well illustrated by transportation. Transportation in
the United States has developed as a congeries of separate systems based
on particular modes or technologies. As new modes of transportation
became technologically feasible, the federal government developed sepa-
rate and often nearly autonomngs agencies to deal with these modes and
with their particular groups of suppliers. Thus we have a Federal Railway
Administration, a Federal Highway Administration, a Federal Aviation
Agency, an Urban Mass Transportation Administration, a Maritime Ad-

136 ministration. The legislative directives to these agencies have been written
at different times by different congressional committees in response to
pressure from different political constituencies. These legislative man-
dates, and the associated systems of taxes, subsidies, regulatory policies,-
and relations with the private sector and state and local government, do
not constitute a national transportation policy. Nor do they always relate
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sufficiently to the impact of transportation on people and institutions other
than its clients and suppliers.

Recently we have superimposed on this collection of modal trans-
portation policies a whole series of cross-cutting legislative mandates with
respect to air quality standards, land use planning, enviroimental impact
statements (including impact on the depletion of natural resources),
energy conservation, and employment. The number of interests or con-
stituencies that must be taken into account in transportation planning has
grown explosively, and with it new sources of conflict, confusion, and

uncertainty about the future.
The NRC has tried to respond to these developments in transportation,

first by broadening the charter of its Highway Research Board to that of
a Transportation Research Board (ma) and more recently by trying to
bring closer together the activities of the Maritime Transportation Re-
search Board (mma) and of the 'rum. For several years, both boards have
been attempting to extend their concerns with socioeconomic and envi-
ronmental issues, as opposed to strictly technical ones.

An increasing proportion of TRB activity is concerned with the trans-
portation planning process, especially in relation to the socioeconomic
impact of transportation. This is true both in the regular activities of TIM
and in the National Cooperative Highway Research Program (NckmP),
which is administered by TM. As an example, transportation planning in
an urban setting usually begins with estimates of urban travel demand.
Current procedures typically take as long as 3 years. This is no longer
adequate because of the increased involvement of local officials and citi-
zen groups in the planning process and because of requirements such as
environmental impact statements, corridor hearings, and consideration of
"no-build" options as prescribed under section 102 of the National Envi-
ronmental Policy Act. Under such conditions, decision makers need a
much quicker response from analytical efforts, Policy committees often
demand that new alternatives be considered within a month between

mmittee meetings or before public hearings.
The National Cooperative Highway Research Program has let a

contract with the Metropolitan Washington Council of Governments
(coG) to investigate ways of expediting the analytical process. coo's ap-
proach is first to identify the generic urban policy issues likely to arise
in the public process and then to evaluate and redesign travel-estimating
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procedures so as to be more directly responsive to these issues. The idea
is to devise a tested operational tool that is much better adapted to
participatory transportation planning than are the classical techniques
dating from a more technocratic age.

Another NCHRP project deals with the evaluation of the "no-build"
option. Present assessment processes are set up to evaluate the impact of
alternative highway or transportation routing, but when citizens ask why
the facility should be built at all, planners are usually reduced to hand-
waving about local employment or economic growth. There are no good
analytic methods for evaluating the socioeconomic and environmental
consequences of doing nothing.

Another project of Namp, closely related, is to improve the method-
ology of statewide and regional multimodal transportation planning in
order to better accommodate new land-use policies and air quality and
energy conservation requirements. The ultimate objective is to collect
findings into a single volume that can serve as a guide to transportation
planners.'

Reliable data closely related to transportation planning were the sub-
ject of a study released by the U.S. Department of Transportation in
1969. It pointed to the great need for reliable transportation data for
effective national transportation planning and estimated that the neces-
sary data collection would take 5 years and cost $36 million, with an an-
nual cost of $6.5 million for updating. According to William N. Carey,
Executive Director of the mn, a national transportation policy

can be formulated only through the construction of and careful considera-
tion of the output from a massive model of the overall system of transpor-
tation of people and goods. . We simply do not know where people are
traveling and why, nor do wc know what goods are being shipped and
where, by what mode, at what cost, and during what time.

Only with the aid (though not the dictation) of such a model can ra ional
choices be made

among available alternatives such as improved highways, dedicated bus lanes
un streets, rail transft, and new technology and among alternative strategies
such as staggered work hours, rearrangement of urban patterns, congestion
pricing, and the like. Such decisions are now influenced more by emotion
and special-interest politics than by reason.

The planning of transportation involves too many conflicting ter-
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ests and values to permit the hope of a completely rational process of
decision making. The process is inherently political, because politics is
about such conflicts. But models and data can help point out interrela-

tions between issues and the consequences of alternatives. In many cases,
they can show that what appeared to be a zero-sum game can be turned
into a positive-sum game in which interests or values thought to be in
conflict both benefit.

One type of data gathering, in which Tan is only peripherally in-
volved, illustrates the kind of work that is necessary. In the past 20 years,
most discussion of highway transportation has focused on the Interstate
Highway System, which may be regarded as one of the "central national
goals" of transportation policy. In fact, however, 22 percent of all road
mileage in the United States is rural 2-lane highway, which accounts for

32 percent of all traffic (vehicle-miles) and 48 percent of all traffic fatali-

ties. To improve this kind of highway, the Federal Highway Administra-

tion, the Transportation Systems Research Center in Cambridge, and the
Maine Department of Transportation have cooperatively instrumented a
15-mile stretch of U.S. Route 2 in Maine. The instrumentation includes

37 portable vehicle detection stations, 408 fixed vehicle-sensing loops
under the pavement, and 5 in-vehicle receiver-display units, all connected

to a central data processor. The Nom, conducted safety research making

use of these facilities to study rural 2-lane highways. The principal objec-
tive of this project was to develop and test "dynamic remedial aids to
reduce hazards and vehicle conflicts on narrow bridges."

Another neglected transportation facility is "low-volume roads."
These are rural dirt or semisurfaced roads that usually carry traffic of

10 to 100 vehicles per day, compared with the 50,000 per day typically
carried by an urban Interstate highway and the 1,000 to 5,000 per day

carried by the 2-lane paved highways discussed above. Of 3.8 million

miles of U.S. roads and streets, 3.0 million are low-volume roads. And, of

course, such roads are the main transportation systems of most under-
developed countries. They have received precious little attention from 139

transportation researchers; they are too unglamorous. In June 1975, the

TRH held a workshop on low-volume roads to try to meld design and opera-
tional practices with planning and economic considerations. Sponsoring or
cooperating agencies included the U.S. Forest Service, the Federal High-
way Administration, the American Association of State Highway and
Transportation Officials, the Idaho Department of Highways, the Agency

1 4 7



COMMISSION ON SOCIOTECHNICAL S STEMS

for International Development, and the International Bank for Recon-
struction and Development."

Urban rail transportation is another area where the glamorous tech-
nologies have overshadowed more mundane solutions. The TRI3, at the
request of the Urban Mass Transportation Administration of the Depart-
ment of Transportation, convened a conference on light rail transit (LET)
in June 1975. Liu is a technology that covers transportaticin demands in
the range intermediate between ordinary streetcars and rapid transit, or
subways. LET has a substantial cost advantage over either street buses or
subways in those cases where the capacity needed is about 5,000 to about
30,000 people per lane per hour. Net capital costs are typically $4 million
to $7 million per mile for urr, compared to $30 million to $50 million for
heavy rail transit.

The important point is that the potential need for this form of trans-
portation is probably much greater than for subways, which are economic
only in the most densely urbanized areas. LET may become even more
important if the trend toward decentralized population distribution con-
tinues, e.g.,, toward lower urban densities and moderate-sized towns. Light
rail transit is extensively used in Europe, as it once was in much of the
United States and still is in the Philadelphia area. New systems are being
planned for Rochester, New York; Dayton and Toledo, Ohio; and Van-
couver, British Columbia. The study conference reviewed engineering
feasibility, cost, and general economic considerations. The proceedings
will be used to assist in assessing the potential of LET in U.S. cities of the
future."

Under its broadened mission, the responsibility of the TIM includes
air and rail transportation, as well as pipelines and other transportation
modes. This report, however, is not intended to be comprehensive, but
only illustrative. For example, no mention has been made of the extensive
study of the feasibility of meeting motor vehicle emission standards that
was carried out under the auspices of the second Committee on Motor

140 Vehicle Emissions.'

HOUSING, BUILDING, AND ITEBAN DESIGN

Although it is a distributed technology, transportation has significant cen-
tralized elements, with the result that transportation policy is somewhat
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more rationalized and technocratic than is policy for housing, buildings,
and urban development. This is largely because the routes and terminals
either are under public ownership, operation, and maintenance or are
heavily regulated by government. For example, there is a decentralized
network of competence in state highway departments, many of which

have now transformed themselves into ftansportation departments.
The production of automobiles, ships, trains, and aircraft constitutes

a highly centralized technology with a high degree of standardization of
essential technological features. In contrast, housing and building repre-

sent the exiseme of fragmentation, decentralization, and dominance by
highly localized constituencies and interests. Only in the supply of build-

ing materials is there any degree of centralization and standardization,
and even that is limited. Building probably needs to satisfy a wider diver-

sity of interests and criteria than almost any other technology. Because
the end product of building is site-specific and largely private in terms of

the consumer, it is like the vehicle in transportation modes, but it is much

more individualized because of the site-specific requirements.
Building suffers disproportionately large effects during business r

cessions, generally far greater than transportation. Early in 1975, for exam-

ple, there were upwards of 650,000 unsold housing units on the market,

and the situation was so acute that Congress legislated a $2,000 tax credit

to stimulate the purchase of this housing. And in May of 1975, unemploy-
ment in the construction industry was 21.8 percent, compared to a national

average of 9.2 percent.
At the same time, building is the object of an increasing array of

regulations and restrictions encompassing environmental impact assess-
ments for new developments, consumer product safety, occupational
health and safety, disaster mitigation efforts, energy conservation regula-

tions, and, of course, the classic areas of public health and safety regula-
tion. Lacking anything corresponding to the relatively centralized and
sophisticated state highway departments, the regulatory system for build-
ingalways highly fragmentedseems to be breaking down under the 141

load of increasingly sophisticated and costly technical requirements. It is
especially difficult for the system to adapt in a declining market and in the

face of declining municipal revenues.
As a result of these and other factors, many observers are beginning

to question whether the housing industry will ever be able to produce the
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number of units needed at prices that people can afford. Some foresee
continued vulnerability to economic forces largely beyond the contol of
the industry: For example, in the first quarter of 1975, construction wages
were rising at an equivalent annual rate of 9.5 percent, even in the face
of the aforementioned high rate of unemployment. Furthermore, interest
rates on mortgages did not decline with the reduction in prime interest
rates."

An increasing portion of the efforts of the Commission's Building
Research Advisory Board (Intim) is devoted to helping community plan-
ners and other elements of the building community cope with the new
requirements in an orderly and responsive manner. A significant pilot
study of selected communities has been initiated to examine the decision-
making process in housing, building, and community development with
respect to the environmental impacts of such development. The hope is
to identify decision points in the planning process and relate them to
those in the building and development process in order to help builders
and others to anticipate and accommodate environmental impact prob-
lems and avoid costly revamping of plans to meet objections that should
have been foreseeable. The ultimate aim is to improve the predictability
of the planning process through better understanding of its requirements
and rationale.

Another aspect of the regulatory environment of building is mitigat-
ing, through proper planning and design, the effects of natural disasters,
especially floods and earthquakes. For example, federal flood insurance
legislation now requires that flood-prone communities participate in the
National Flood Insurance Program administered by the Federal Insurance
Administration (FiA) of the Department of Housing and Urban Develop-
ment. Under existing legislation, communities must, to be eligible for sub-
sidized insurance rates, develop and have approved by FM a land-use plan
for areas identified by FIA as flood prone. If a community elects not to
participate in the program, federally insured mortgage money will no

142 longer be made available for any future construction in the community.
BRAB, in cooperation with the Assembly of Mathematical and Physical
Sciences (Office of Earth Sciences), has a Committee on the Prevention
and Mitigation of Flood Losses, which is making a significant contribution
to the development of criteria for various aspects of the Federal Insurance
Administration's flood program. For example, there is a Panel on Flood
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Insurance Mapping Criteria that is assisthig FLA in determining what and
how information should be presented on maps provided to communities
to depict the height and areal extent of the flood hazardand on which
community land-use plans are to be developed.

Various other panels of the Committee arc assisting riA in establish-
ing practices and procedures to be followed in technical studies conducted
to determine the height and areal extent of flooding to ensure the best
possible technical base for land-use planning. For example, a Panel on
Flood Studies in Biverinc Areas has been dealing with the sensitivity of
the results of flood insurance studies to variation in the assumptions,
practices, and procedures used in carrying out such studies for community
planni ng purposes.

nriAn also plans to form a Committee .on Practices for Mitigating
Earthquake Effects in Buildings in the Eastern United States, Most pub-
lic attention in the past has peen focused on earthquake hazards in the
Far West and Alaska, where recent earthquakes have dramatized the
hazards of inadequate structural design. However, many parts of the
eas ten, United States have also had major earthquakes within historical
times, although the average interval between them has been much greater
than in the West. Both Boston, Massachusetts, and Charleston, South
Carolina, are considered to have earthquake risks comparable to that of
the West Coast, but almost no work on seismic design standards has been
undertaken in these areas. How much can be done remains to be seen, in
viev of the low visibility of the problem. Nevertheless, assessing the mag-
nitude of the hazard and assessing the actions needed to reduce the hazard
are worthwhile projects.

The issue of earthquake hazard raises fascinating sociotechnical qnes- ,
tions of earthquake prediction. The Advisory Committee on Emergency
Planning had a Panel= on the Public Policy Implications of Earthquake
Prediction, which coMpleted a major report entitled Earthquake Pre-
diction and Public Policy. There is general agreement among geologists
that the capability of predicting major and minor earthquakes is near. As
currently envisaged, this capability will permit the forecasting of the time,
place, and magnitude of major earthquakes months or years in advance.
Unlike the short-term predictions characterizing tornadoes, hurricanes,
and floods, long-terrn earthquake prediction provides the possibility of
instituting numerous long-range hazard reduetion and disaster prepared-
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ness measures. Such long-term predictions may also lead to various ad-
verse socioeconomic effects, the precise nature of which is currently

foreseeable. However, with proper utilization of earthquake predic-
tions, many constructive measures could be taken to save lives, reduce
property damage, and minimize social disruption."

The advent of the energy crisis has rekindled interest in the solar
heating and cooling of houses and other buildings. From about 40 solar
installations in 1973, it is estimated that the number of such installations
had grown to upwards of 200 by the beginning of 1975 and tO as many
as 400 by the end of 1975. The field is rich in innovation and entrepre-
neurial activity. But there is little solid information available about rela-
tive costs and performance characteristics of different designs. Builders
and owners therefore hesitate to invest the capital necessary for instal-
lationsparticularly for the retrofitting of existing buildingswithout
greater certainty about future energy costs, especially since present tech-
nology requires standby energy sources in most areas to span periods when
solar energy is not available. Dissemination of information about workable
designs is poor, and there is virtually no standardization.

The widespread adoption of solar heating and cooling also is in-
hibited by lack of a satisfactory technology for energy storage. Effective-
ness of energy storage might be improved by the use of heat pumps to
make use of relatively low-temperature heat, and work is intensifying in
this field. However, this requires additional capital investment. A urtAn
Advisory Committee on Solar Heating and Cooling of Buildings, which

tially conducted studies for the National Science Foundation and mow
conducts studies for the Energy Research and Development Administra-
tion, has held workshops to collect experience in the utilization of solar
heating and cooling technology.' The Committee hopes to continue its
assessment of the potential for early commercialization of solar energy for
space heating and cooling as well as for water heating, three uses that
account for more than half the energy consumed in the residential and

144 commercial sectors. In this context, solar energy can be thought of as a
form of energy conservation technology, equivalent in its effects to other
methods of reducing heat losses from buildings, and it must be assessed
in competition with other less glamorous methods for reducing heat losses
from buildings. In this domain the problem is not one of technological
innovation, per se; rather, it is institutional innovation and political inven-

152



SOCIOTECH CAL SYSTEMS: CENTRAL AND DISTRIBUTED GOALS

tion to remove the barriers to the application of a technology that will
evolve under market forces once the initial inhibitions are overcome,

Reflecting the increasing emphasis on the "soft" aspects of building
technologies, BRAD has a major program on Technology Assessment and
Utilization. Under a supervising committee of the Board itself, this pro-
gram has established seven "resource councils," each with about 20 mem-
bers representing a wide variety of skills and perspectives. These councils
deal with such issues as socioeconomic factors that will affect the nature
of demand for building over the next 5 to 25 years, including demographic
factors, life-style preferences, costs, and monetary and financing mecha-
nisms; planning and design, including land-use policy; and production
technologies, including productivity trends and the use of dimensional
and functional coordination in building. This group of activities by the
resource councils is intended to anticipate societal needs in the areas of
housing, building, and planning for the rest of this century on both the
supply and demand sides of the equation and to assess the implications
of various technological means of satisfying those needs. Each of the

councils has wide representation from the groups that supply, use, and are
affected by building.

MATERIALS

Unlike transportation and building, the field of materials seldom inter-
faces directly with the public. Materials are, for the most part, "inter-
mediate goods" that enter into almost every phase of economic activ
In recent years the materials industries, from mining to fabrication, have
constituted a declining fraction of the eme and of value added in manu-
facturing." Yet innovations in materials properties or rocessing have
been the basis of many innovations that have affected the consumer
directly or have changed the character of the economy. The electronic
and computer revolution has been based on materials technology." Most
advanees in the productivity of the construction industry owe their initial 145

impetus to materials innovations.
The mining, extraction, and processing of materials probably accounts

for about 25 percent of all the energy consumed in the United States and
other developed countries.L9 After a century of declining relative prices
of raw materials, we are beginning to experience a reversal of long-range
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trends, along with sudden concerns about shortages of materials resulting ,

either from physical limitations or politically contrived ones, such as car-
tels. Debate rages as to whether the industrial part of the world faces a
long-term shortage of basic materials, or whether advances in technology,
including substitution and recycling, will eventually overcome shortages,
despite temporary politically induced shortages. 20

The National Materials Advisory Board (NmAn) deals with all aspects
of the materials cycle from extraction to final disposal, Recently it has
concerned itself particularly with materials problems related to the na-
tional energy program II and with possible measures for substitution or
conservation of materials such as chromium, which the United States now
obtains from foreign sources that are undependable for political reasons.

The NM Am also is dealing with the handling of hazardous materials.
It necessarily cooperates closely with many of the other boards of ess,
since materials are an important source of innovations in transportation,
building, and shipbuilding. One committee of NMAB has examined the fire
safety aspects of polymeric materials, an increasingly important topic as
more stringent fire safety requirements are legislated.

SOME TECHNICAL INNOVATIONS

There is not space to review the full spectrt n of css activities; the result
would be a mere catalogue, with little information. In the examples cited
above, emphasis has been placed on economic, social, and political factors,
because until quite recently these have tended to be slighted in past NBC
activities. One should not infer from this that css is not interested in purely
technical innovation. A few interesting recent innovations in a variety of
areas of concern to the Commission can be cited by way of example. Some
of these the Commission had little to do with; they arc mentioned purely
for general interest. Others are innovations with which one or another unit
of the Commission has been directly concerned,

146 The Ship Structure Committee of the Maritime Transportation Re-
search Board supervises a contract research program on various aspects
of structural ship design. A project of particular interest is the design and
installation of a ship response instrumentation system aboard the SL-7
Class containership, S.S. SeaLand McLean.' This ship is a member of a
new class of high-speed container vessels deemed to be necessary for the
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United States to retain a competitive position in international shipping.
"The instrumentation system is part of a research program . to eval-
uate fully, from both analytical and experimental approaches, the design
and response of this unique vessel during the early stages of its develop-
ment and deploynwnt." By comparison of the results of analytical and
computer simulation with field observations of structural responses in a
seaway, a more rational system of ship design may be developed to permit
bypassing expensive model testing.

The css has responsibility for the Advisory Board on Military Per-
sonnel Supplies (Aumns), which advises the U.S. Army Natick Develop-
ment Center. This center has developed an enzymatic method of convert-
ing,cellulose to glucose. Originally developed as a waste disposal scheme,
the process appears to have considerable interest as a possible source of
both food and fuel derived from agricultural wastes. The process is

described in an article in New Scientist" as follows:

The Trichoderma (vi ides) is grown in a culture medium containing
spruce pulp and nutrient salts. The culture is then filtered and the solids
discarded, leaving a clear straw-coloured enzyme solution with a marked
resemblance to American beer. The cellulose solution and milled newspapers
are then placed together in a reaction vessel at atmospheric pressure and
50QC. The product is crude glucose syrup; the unreacted cellulose and
enzyme are recycled. The yield of glucose is about 50 per cent of the original
cellulose. It can be used in chemical . . or microbial fermentation
processes to produce chemical feedstocks, single cell proteins, solvents or
fuels like ethanol.

The mimes, at the request of the Natick Development Center, held
a symposium on the subject in September 1975. The proceedings of the
symposium, which was entitled "Enzymatic Conversion of Cellulosic
Materials: Technology and Applications," are soon to be published.

TECHNOLOGY TRANSFER 147

The primary function of the NRC, particularly in the fields of interest to the
css, is to promote technology transferor, more appropriately, the utiliza-
tion of existing and new technology. The various hoards and committees
of the Commission serve as a forum for the dissemination of new tech-
nology to a diffuse community of potential users and appliers. The key
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to such a dissem1naton process is evaluated information. Ideally, the units
of the NRC should serve as the filter that sifts the more important from the
less important and brings technology into juxtaposition with problems.
This function is especially important in dealing with distributed national
goals such as those with which css is most concerned.

Information transfer is thus a very important part of the .Conwnls-
sioims activities, and, indeed, the major boards of the Commission. operate

ation systems (in the case of Trta and MUMS, a computerized sys-
tern ) specifically designed to make the relevant technical literature more
accessible to potential users of the knowledge. These users represent an
ever-broadening base of disciplines and institutions and are international
in scope.

Surprisingly little is known of how well these, or other, technology
nsfer mechanisms operate, or how innovation really takes place, espe-

dully in the sectors of transportation, building, and maritime transporta-
tiou One of the Commission's tasks for the future is to better understand
each of these social delivery systems in terms of the flow and utilization
of technical information and in terms of contracts between different ele-
ments of the relevant "communities," By such studies it is hoped that ways
will be discerned for improving the process and for accelerating techno-
logical change as well as for improving its responsiveness to social needs.

HARVEY BRooKs
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Are VVe Training
Too Many
Scientists and
Engineers?*

Predictably, I can't provide a simple yes or no to the question posed in the
title. There will be surpluses and there will be shortages in different areas
of science and engineering, and the answer will depend on the quality and
kind of education received, the ability of scientists and engineers to change
fields, federal R&D budgets, new private and governmental technological
developments, and so on.

Although there are serious methodological problems, I am going to
try to say something of what we do know about manpower supply,
demand, and the effects of demand on supply. To provide some focus,
I will discusc only doctoral scientists and engineers.

SUPPLY OF DOCTORATES IN SCIENCE AND ENGINEERING

Table 1 shows that since 1950 there have been substantial increases in
numbers of new doctorates in science and engineering.' However, the
annual production of doctorates in the physical sciences has decreased
since 1971, and in mathematics and engineering since 1972. The decline

° I am indebted to many for information and advice for this report and especially to Dr.
William C. Kelly, Executive Director of the Commission on Human Resources.
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TABLE 1 Earned Doctorates in the Sciences and Engineering, 1 50-1974

152

Year
Physical
Sciences

Mathe-
=tics

Life
Sciences

Social
Sciences

Engi-
necring Total

1950 1,000 17(3 1,113 970 467 4,332

1952 1,731 204 1,357 570 5,128

1954 1,702 247 1,654 562 5,6611

1956 1,e2 228 1,518 579 5,445

195$ 1,051 2:36 L624 1,568 029 5,710

1960 1,801 201 1,728 1,668 794 0,342

1962 _,096 388 1,978 1,891 1,216 7,567

1964 2,527 589 2,362 2,255 1,064 9,397

1900 3,058 769 2,887 2,019 2,299 11,632

1968 3,667 970 3,696 3,490 2,847 14,670

1970 4,400 1,222 4,574 4,568 3,432 18,196

1972 4,2943 1,281 4,984 5,590 3,475 19,556

1973 4,016 1,222 5,008 5,911 3,338 19,555

SOURCE; N !opal newarmtm Council, Commission on 1waan e ow'cea, Doctorate Records File.

will contin (Table 2) because the number of firs year, full-time grad-

uate students in these fields has also gone down.'
Since most of the graduate students who will receive doctoral degrees

by 1980 are already enrolled, relatively accurate predictions of the doc-
toral production in the remainder of this decade should be possible. One
uncertainty is that the fraction of first-year graduate students who actually
complete their doctoral training will depend on their financial support,

their perceptions of the job market for their skills, and the economy.

To project how many Phu scientists and engineers will graduate in
the near future, Charles Falk and his colleagues at the National Science

TABLE 2 First-Year Full-Time Graduate Studen

Field

Chemistry 3,719 ,867 29

Physics 2,736 1,808 34

Mathematics 3,106 2,289 20

Electrical engine ring 3,243 2,660 18

These data cisme from the National Science Fnuncin n and Mehl& only graduate departments that
responded canshtently from 1968 to 1973. The coverage A %WA' high.

1 1 0



TAB

aecar

ARE WE TRAININ TOO MANY SCIENTISTS AND ENGINEERS?

Projected Earned Doctorl Degrees
--,- - ' --a _ ,

Physical Erigl- Mathe- Life Social
Sciences neering 'maks Sciences Sciences Pad

1972 (actual) 4,200 3,050 1,300 4,500 5,000 18,650
l980 2,900 3,150 100 4,900 0,850 18M00
1985 2,050 2,500 050 4,900 7,050 17,150
Change (1972-1985) 51% 32% 50% +9% +41%

S OLT PC E Fs1k,

Foundation have used models based on demographic data recent
in enrollments in both colleges and universities, enrollments in graduate
school, and completion rates of doctoral studies. These projections indi-
cate further major declines in annual doctoral production (Table 3) in the
physical sciences, engineering, and mathematics, but not in the biological
or social sciences. Falk and his colleagues emphasize that projections are
not predictions and that projections produce a range of future situations
based on definite assumptions and no significant breaks in trends.

Larger changes are projected for 1980 to 1984 than 1972 to 1980. But
difficult to know how we should interpret trend analyses that far into

the future, particularly when some of the trends On which the model is
ed are changing; for example, flrslyear graduate enrollment in engi-

neering were up in September 1974,

DEMAND FOR DoG 'onAL SC -NTISTS AND ENGINEERS

If percent employment is taken as a reliable indicator of demand, then the
current demand for scientists and engineers is strong. A 1973 survey of
59,000 doctorate-holders (out of a total of 272,000 doctorate-liolders in
science and engineering in the United States) showed that only Ll.% of
those in science and engineering were unemployed and looking for work;
this is essentially a frictional level of employment found even in good

mes. However, the unemployment rates among women were higher than
among men with comparable training.'

These data conic from the Survey of Doctoral Scientists and Engineers conducted by the
Commission on Hum:in Resources with the financial support of the National Science Founda-
tion and the National Institutes of Health,
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Doc oral demand is dependent on college and university enrollments
and federal and industrial research and development expenditures. Bar-
ring major changes in our economy, the first factor can be predicted with
some accuracy, This was illustrated in 1965, when Allan Cartter first
pointed out that a tapering-off in this decade and an actual decline in the
31980s of the college-age population will reduce the demands for new
college and university faculty. Cartter's projections covered the total
demand for faculty, not just for science and engineering.

Nevertheless, his projections foretell serious oversupplies in fields
where most of the new rhos have taken faculty positions, unless there are
major changes in the nuiriber of doctoral degrees or in types of jobs taken.
Recently, Cartter has revised his projections of college and university
faculty positions downward because a smaller fraction of high school
graduates are now going on to college.

Two factors that could blunt the impact of Cartter s projections are
) increases in continuing education, part-time education, and non-degree-

credit education using doctorate-holding faculty; and (b) growing use of
the doctoral degree to enter positions not previously requiring a doctorate.

However, the problem of too many rhos looking for fewer jobs is
broader than simply fewer faculty positions. For example, Falk of the NSF
projects that in 1985, 375,000-400,000 holders of doctorates in science
and engineering will be in the labor market, and there are only 295,000
positions of the type usually held by science and engineering doctorates.
The breadth of the gap will vary from field to field. But whether the spe-
ific numbers in the Falk and Cartter projections are correct or not, they

remind us that the slowing in faculty growth in the remainder of this
decade and the possible decline in the next decade will have an impot---
perhapc a painful oneon new doctorate-holders and on those atready
employed who want to change jobs. As Philip Handler has noted, -mar-
kets for new scientists are saturable." Departments or programs training
doctoral candidates primarily for faculty positions should examine the

1.54 aature and size of their programs and the advice they are giving to
students on job opportunities and types of careers.

Federal research and development expenditures are another factor
in estimating doctorate demand. Federal azzo budgets (in constant dollars)
peaked in 1968 and have kept to a steady level over the last 4 years. Future
manpower needs will be affected by nko budgets and by the inifiation of
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new national programs. It is not at all clear what these programs will be,
although it is safe to say that they will include work On the solution of our
energy problems within environmental constraints, medical research and
service, and natural resources.

Given these changes in demand, what effect do they have on supply?
What effect does a reduction in the number of new faculty positions have
on graduate enrollments? On determination to finish the PhD? On the type
of Plin program selected? Richard Freeman and David Breneman 6.
argue that a number of "market" factors affect the production of doctor-
ates: employer decisions, attitudes of experienced personnel, faculty
advice, salaries, hiring practices, unemployment rates, and so on. They
point out that the response to market forces is not simple, but rather tends
to oscillate from shortage to surplus with a periodicity of 5 to 6 years, or
about the time it takes to get a doctoral degree. There is a growing
awareness that market effects need to be taken into account, and in 1974
a Subcommittee of the National Science Board released a report, Scientific

and Technical Manpower Projections, that recommended the use of mar-
ket models.

SUPPLY-DEMAND STUDIES BY PROFESSIONAL SOCIETIES

Supply and demand for doctorates in specific fields has been analyzed by
several professional societies. The American Chemical Society's Commit-
tee on Professional Training, chaired by Herbert Gutowsky, has queried
all doctorate-granting departments in chemistry on their plans for expan-
sion or contraction. The departments were put into four groups taken in
sequence according to their rank order (Group 1 was the top rank) in the
Roose-Andersen Report of 1970, which rated the qualitic'i of graduate
faculties and effectivenesses of doctoral programs, The Committee con-
cluded that "many of the Group 3 and 4 programs should reassess the
relative importance and quality of their undergraduate and graduate pro-
grams, and rededicate themselves to high quality undergraduate pro-
grams." The annual production of doctorates in chemistry has decreased
from a maximum of 2,200 per year to 1,900 per year, and the sizes of the
first-year graduati; classes indicate that by 1980 about 1,600 doctorates
will be produced per year,

B. D. Anderson 9 has written a series of articles on doctorates and jobs
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in mathematics. In his 1974 report he pointed out that there has been a
reduction from 661 to 510 in the annual number of pure mathematics
doctoral degrees between fiscal years 1972 and 1974. He concludt , that
"with a prospective ten-year steady state annual employment demand of
perhaps 200-300 pure mathematics doctorates (for long-range retention),
we should continue to reduce the numbers getting degrees until we axe
much closer to equilibrium." It is harder to get data on doctorate produc-
tion in applied mathematics, statistics, computer science, and operations
research, because these degrees are given in a variety of departments. A
significant fraction of doctorate-holders in these areas are employed in
industry and government, and so the job market is quite different from
that for pare mathematicians.

Lee Grodzins has studied the supply and demand of physicists in
great detail. The production of doctorates in physics reached a maximum
of 1,600 and is now down to about 1,450. The size of first-year graduate
classes indicates that this figure may stabilize at 900-1,000 by 1980. Be-
yond that, Grodzins feels that it is not possible to make very good predic-
tions without more information on future R&D programs on energy and
other activities that employ physicists.

Recently, an NAs Committee on Astronomy Manpower, chaired by
Leo Goldberg, published a report recommending that university astron-
omy departments should reduce production of doctorates by informing
students of employment problems and by screening students before they
enter graduate programs. It also reeemn_Jrids that departments offer cur-
ricula that provide the basis for mobility in the employment market.

C. Alan Boileau, Director of Programs and Planning for the American
Psychological Association, says that "the academic job market is now
operating in a very weak replacc ,2nt mode for most of the [social scE,nce]
disciplines" and suggests tha terms of tomorrow's human resources in
the social sciences, clearly_there is going to be spillover of considerable
magnitude."

The biological sciences bring us to studies currently carried out by
the Commission on Human Resources. One is the study on biomedical
and behavioral research personnel needs discussed On pages 159-162.

Another study of future needs for scientists and engineers is part of
the Nac-vvide analytical studies for the U.S. Environmental Protection
Agency (see page 121). A committee chaired by Dr. Earnest F. Gloyna of
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the University of Texas, Austin, will consider a profile of manpower
requirements, sources of manpower, and ways in which persons with a
variety of scientific and technical competencies are brought into the work
on environmental problems.

CONCLUSION

Several studies indicate decreases in the supply of PhDs in science and
engineering in the next decade and in traditional positions that employ
them. If these projections are accurate, adjustments will be needed by
institutions of higher education and in the educational objectives of young
people, Some problems may be reduced by transfers between fields.
Doetogate-holders have always shown corjiherale, ability', -to transfer
between fields, in addition to demonstrating a wide range of skills beyond
college and university teaching.

The new realities in the doctorate market will force changes in the
nature of graduate programs. The quality of the educational experience
is different in different departments, and programs differ in the extent to
which they attract strong students and encourage them to feel that they
can successfully undertake a variety of different activities and transfer
from the field of their doctoral dissertation to another field. Since in the
future a larger fraction of rims will be employed by industry and by gov-
ernment at various levels, and since a signiEcant fraction will have posi-
tions outside research and development and teaching, changes in some
doctorate programs are needed to better prepare students for these future
careers. This does not mean that their basic education can be neglected,
but it does raise the question of how their graduate education can prepare
them for the types of job opportunities they will have and how it can
provide a basis for eld transfers and changes in work activities in the
future. To improve communication, it would help if universities had more
visiting professors from industry and government and if industry made it
possible for more faculty members to spend time in industry.

We do know something about future demands for doctorates and
future supply of doctorate-holding scientists and engineers, but far more
research is needed to reduce the major uncertainties. Some necessary
readjustments may be taking place, but there is a danger of overreaction
that will handicap future efforts to solve our problems in energy, mate-
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rials, food, and environment. At best, we can foresee needs for team cal
manpower only a few years in advance, and so doctorate-holding sc en-
tists and engineers should, like others, be prepared to change fields and
work activities during the course of their careers.

Finally, we ought to remember that tools for projecting manpower
supply and demand are still somewhat primitive and the results often
skewed by events. Some of the obstacles to useful projections listed hy
Hans Landsberg of Resources for the Future, Ina,' apply equally to the
projections cited in this article:

the difficulty in foreseeing the direction and speed of technologica I thange
the emergence of new societal perceptions :ind goah, such environ-

mental considerations
changes in major parameters, such as the rate of 'tiiipuTation growth

. . the reliance on relationships of which the intwrent logic is not
understood but which seem to offer convenient calcuint; ng opportunities.
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Study Project

PERSONNEL NEEDS AND TRAINING FOR
BIOMEDICAL AND BEHAVIORAL RESEARCH

Seventeen people were awarded NM fellowships in 1938 to do fundamen-
tal work related to cancer. They were the Erg. In 1968, $178.5 million was
spent by the National Institutes of Health and the National Institute of
Mental Health for biomedical and beim% ioral research training, either for
fellowships or training grants.

Although fellowships were the original support mechanism, the train-
ing grant has become the more signiEcant form of graduate student and
postdoctoral support by NIH; of the 94,000 people who had; by 1972,
received training support, more than 70 percent started on training grants.

Determining the value of this investment is not easy, but available
evidence shows it has provided a critical mass of highly trained MDS and 159
PhDs who do research and who largely account for new insights and rapid
exploration.

But rumblings were heard in the late 1960s, Assurance was demanded
that national investments in biomedical and behavioral research training
are effective and produce commensurate return. There was concern that
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while surpluses in some fields were apparent or in sight, people were still
entering them and receiving research training support; that some research
trainees entered clinical practice on completing ,their training rather than
continuing research; arid that, in the case of training grants, a significant
portion of the grant was being used for institutional purposes rather than
for the support of individuals. In all, there was considerable pressure to
alter the scale and form of federal support for biomedical and behavioral
research training.

The rest& was the National Research Act of 1974. Public attention
was largel) , _acted to lite portion of the Act regulating the conduct of
fetal research. However, the other portion, setting forth new rules for the
support of biomedical and behavioral research training, promised equally
important and perhaps more lasting effects. Philosophically, the law was
reassuring since it reaffirmed the principle of the training gant and
stressed continued excellence of I, !cal arid behavioral research. Prac-
tically, it mandated a number of nqvel changes. The separate training
grant programs of NM ; nd the Alcohol, Drug Abuse, and Mental Health
Administration (anAisariA.) were coalesced into a single program, the Na-
tional Research Service (Nils) Awards. Two strictures were applied to these
awards: They could nut be awarded in particular fields unless there was
a need for rese-leh personnel, and they had to be paid back, either by
services or by dollars, plus interest. These provisos became effective
July 1, 1975.

The law also directed the Secretary of Health, Education, and Wel-
fare to inquire of the NAS if it could, inter alia, assess national needs for
biomedical ancl behavioral research personnel, review rim and ADANHIA
training programs, and in general help them fulfill the needs criterion for
the National Research Service Awards. As stated in the National Research
Act, this provision meant that the Academy, if it agreed, would assess

(A) the Nation's overall need for biomedical and behavioral research per-
sonnel, (B) the subject areas in which such personnel are needed and the'
number of such personnel needed in each such area, and (C) the kinds and
extent of training which should be provided such persoimel. .

The questions directed to the Academy were obviously difficult. It
takes an average of 5 years after the baccalaureate to provide predoctoral
training forresearch and 1 or 2 years of postdoctoral training for MDS or
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phos who switch fields. Thus, in 1976, the National Research Council
would have to estimate needs several years in the future, and would also
have to estimate the required resources, public and private.

Part of the NBC assessment will necessarily include an examination of
'pertinent fields of research, established and emergent, and what their
future requirements for personnel will be.

Of course, intelligent people, highly trained in basic sciences, adept
at doing their own researcha reasonable description of the population
given research training support by Nm and ADArdtiA----are adaptable. They
can, and will, follow leads into new fields, picking up new techniques and
information as need be. So, the NRC must also consider the possibility of
field changes and their effect on the supply of dOctoral researchers.

Another consideration in the study is the precision with which re-
search personnel needs in different fields can be projected. Some of the
difficulties were described in a report on the study's feasibility issued in
February 1975:

In contrast to the problem of forecasting aggregate manpower in large
fields, estimating needs be fin& fields is exceed'ingly difficult. Boundaries
between disciplines have become less distinct with the increase in emphasis
on study of biological phenomena at the molecular level. Titles of narrow
disciplinary fields have therefore lost some meaning for the purposes of
forecasting. The problem is compounded by the difficulty of predicting major
scientific developments and their impact on manpower reviircments. More-
over, many aspects of the dynamics of the manpower pool are not clearly
understood and, hence, any supply/demand model that can be developed will
have limitations for determining the need for disciplinary specialists. These
limitations, the Committee believes, are offset largely by the breadth of train-
ing and capability of biomedical and behavioral scientists and their capacity
for mobility withi and across fields.°

This continuing study is not just an attempt to match manpower sup-
ply and demand in biomedical and behavioral research. That would be
simpler than the real task, which includes projecting emergent fields in 161

biomedical and behavioral research that will become important and esti-
mating how many people with what sort of training will be required. Of

° Commission on Human Resources, 1975. Report of the Committee un a Feasibility Study of
National Needs for Biomedical and Behavioral Research Personnel, National Academy of Sci-
ences, Washington, D.C., pp. 4-5.
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course, supply-and-demand projections will be a necessary part of the
exercise, mid the study will have to cope with their imperfections.

Beyond the complexities of manpower supply and demand projec-
tions, there are other issues for the study to consider, including the rela-
tive weight given to fellowships and training grants. Fellowships are given
directly to individuals, and their value is more readily apparent to the
general public. Training grants, in addition to supporting a promising
researcher, may also be invested in faculty salaries, new instrumentation,
lab space, computer tiMe, and so on. These are necessary expenditures for
high-quality training, but the public does not always understand how they
are related to the quality of a particular student's research training.

The Committee in its first report° favored training grants as the
principal support mechanism. It recommended that federal trathin sup-
port be maintained in fiscal year 1976 in the biomedical and behavioral
sciences at fiscal year 1975 levels, fo; both predoetoral and postdoctoral
training.

There are more issues before the Committee, many complex a.nd diffi-
cult, and some perhaps painful. Many biomedical and behavioral research-
ers were nurtured in a system that provided generous support to excellent
students with good ideas. The system still exists, and there are still national
needs for basic research. But the National Research Act states that fed-
eral support of research training should be linked to national needs for
personnel. It is a change that is hard for many to accept. But, as the first
report of the committee made quite clear, the research community in all
its forms will have to respond to the new realities:

Legitimate aspirations of institutions and departments can best be itccomrno-
dated with an adaptive mechanism that recognizes new needs, estabhshes
excellence as a governing criterion, and sets a bigh priority on flexible
response.

Committee on a Study of Nahonal Needs for Biomedical and Behav.
ioral Research Personnel, Commission on Human Resources. Commit.
tee Chairman, Robert J. Closer of the Henry J. Kaiser Farnily

162 Foundation; Stair Director, Herbert B. Pahl.

Commission on Human Resources. 1975. The 197$ Repo t of the Committee on a Study of
National Needs for Biomedical and Behavioral Research Personnel. National eademy of
Sciences, Washington, D.C.
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'The Na lonal
anci
In temational
Context

Beginning in 1950, there was explosive growth in the volume of scientific
research throughout the world, with the United States leading the effort.

In the late 1960s the rate of growth began to decrease rather abruptly.
Nationally and internationally we are now in a period of readjusting the
scientific life-style. Adjustment may be possible without great sacrifice of

the rate of production of new knowledge if we look carefully at the way
in which we invest in scientific research with a view to maximizing return

on the investment.
The overall pattern of expenditure of human and financial resources

must be scrutinized to encourage less wasteful concentration of nearly
redundant efforts in narrow problem areas. It is not enough to look at
proposed research just to .,ee whether or not it is "new." We must also ask

the more difficult question, "How new is it?" That applies to both national

and international programs in scientific research.
In international scientific efforts, we should perhaps shift the empha-

sis from competition to cooperation, with special emphasis on comple-
mentary input by the partners in cooperative efforts. Outstanding exam-

ples of such programs already exist. They are found in work where

very high cost of facilities has forced joint effort, as in high-energy physics,

173
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and witere there has been some clear politieal gain to be achieved, as in
the U.S.Soviet joint program in space exploration. An implied intent in
the various bilateral agreements between the Unitedtates and many
other countries is increasing the scope of constructive 711aboration. The
intent is good, but we must give careful attention to the details of execu-
tion. Ideally, we shoudd emphasize international cooperation between
laboratories that can bring cornplementaty ,,t-ributions to bear on com-
mon problems, thus allowing the defirntioi Oi. problems of greater scope
than could be tackled by either group alone.

This principle can be extended to U.S. interaction with the less
developed countries. Our style has been to help the scicnticts in the less
developed countries to learn to do nearly the same kind or work we are
doing, or were doing a few years ago. A better investment of development
funds might be made in programs to develop science less imitative of our
own work. Admittedly, this approach requires careful planning and
considerable diplomatic sensitivity.

There is considerable international debate about the relative merits
of establishing large research centers and of contributing to the develop-
ment of local research capabilities. The conflict arises from the tendency
of the proponents of each kind of activity to claim that their favored enter-
prises can deliver more than can reasonably; be expected of them. An
international institute, with a unique mission, can contribute new knowl-
edge economically if it is well conceived and well managed. But sponsors
of such institutes sometimes do themselves a disservice by claiming to
contribute more than can be reasonably expected to general scientific and
technical growth in developing countries.

Development of local centers has been very much in vogue in the
western world during the past quarter century. New universities, govern-
ment laboratories, industrial research centers, and so on have grown like
weeds in the United States, in the nations of Western Europe, and in a
few other industrially developed nations, There is now serious question

166 about the wisdom of this trend. As the national economies slow Own,
there is great concern that the commitments have been too numerous and
that decreased resources are now spread too thin. Recognition of this fact
in the United States and some of its peer nations now seems like locking
the barn door after the horse is gone.

However, there are ways in which we can put our experience in rapid
development of new, local establishments to good use. First, we can exer-
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else restraint, both nationally and. ternationally, in creating more new
institutions to deal with new problems as they arise: Second, we should
keep the goal of Complementarity 'in mind as we work with developing
nations, although this principle win not be easily implemented, There are
imposing psychological and logistical barriers. When people from devel-

oping countries look to the United States for assistance, they have a
natural wish to acquire from us those components of science and tech-
nology that seem to hive worked best in this country. But single-minded
emphasis on transfer of such capabilities may not be in the long-term best
interest of either nation.

The proprietary interests of nations and private industrial concerns
are a reality and serve some good purposes. We need to find ways of
working around and within them, ta assist the less developed nations to
acquire their own proprietary resources to put into international exchange.
This will require that we give special attention to encouraging the devel-

opment of indigenous resources ia other countries, especially when those
resources are different from our own,

The United States may have assumed an overly generous posture in

its international development programs. In any international activity we
should insist upon an accounting of what each side will invest and what
it hopes to gain. It would be foolish to attempt parity in the inputs and
outputs, and it will probably continue to be necessary for the United
States to put up the major portion of the money on cooperative programs
with many poor nations. However, any situation in which one partner
makes no financial investment whatsoever seems unsound. A small in-
vestment of scarce resources shows the serious intent of the minor partner
and provides some protection against neglect of the work, The same
should be true when the roles are reversed, as they now are in the col-
laborative programs with Brazil, Taiwan, and the OPEC nations, There is
no objection to having another country foot most of the bill in projects
that are primarily focused on their problems and to which the principal
U.S. contribution will be people and their talents. But we should be will- 187

ing to make enough of a cash investment to keep us honest in our
intentions.

The biggest problems are in interaction with developing nations.
Our record in this field is mixed. We have done reasonably well in api-
cultural and medical technology--not as well as might have been hoped
for or expected, but not too badly. We have not done as well in industrial
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t ehnology, perhaps because we shy away from creating many competi-
turs as successful as japan.

There are several outstanding problems in the technology part of our
science and technology effort in international development:

The costs of outright purchase are too high for many potential
countries.
Sale of technology with a permanent lien ou the yield becomes

inueasingly unpopular.
We have worked hard to transfer science to developing nations

with the blithe assurance that indigenous technology will follow; this is
not consistent with our own national history and is now being regarded
a$ fraudulent by some recipient nations.

Successful technology transfer requires adaptation to local condi-
tions, and we have yet to become expert in facilitation of such adaptation.

The greatest need in some countries is for low- and medium-level
technology in which the United States excelled 50 years ago, but which
we have now largely lost.

The greatest world need is for new technologies in developing
and we have not begun to tackle this problem on a large enough

e, although the Commission's Advisory Committee on Technology
ovation has rL a good beginning.

Many pe_ diat we are not getting a fair return on our invest-
techn mogical cooperation with the Eastern European nations,

cially the Soviet Union. We should not make a fetish of trying to make
balance of information transferred exactly even, but we should try to

maximize our returns.
Our strongest and most productive interactions are with Western

Europe, Canada, Japan, Australia, and New Zealand. A free-flowing sys-
tem has been developed, and on the scientific side, at least, the status quo

is seen almost as a natural way of life. There is a relatively high satisfac-
tim level with respect to technology exchange, and, as problems arise,
they are usually treated as problems of economics rather than of tech-
nology. No profound reflection is required to convince one that questions
af economics and technology are strongly linked; a corollary to this con-
clusion is that even scientific interaction may also be in for serious trouble.
It is a fact that we spend a good deal of money on interaction with scien-
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tists of the "West," but it is difficult to do an accounting of what is spent
and what dividends are returned on the investment.

Interaction mechanisms are almost innumerable. Very important in
both science and cost are the superprojects: space exploration, studies of
the oceans and atmosphere, the Antarctic program, and so on. There is
also a slowly increasing number of international institutes, most of which
now seem to be in deep financial trouble. There are countless international
meetings, conferences, and symposia; in recent years the scientists of the
world have moved around the world from meeting to meeting like flocks
of migratory birds. Until very recently there was also a great deal of move-
ment of young scientists, especially postdoctoral fellows, among the West-

ern nations. We need an inventory of these activities and some assessment
of their relative value so that the inevitable cuts in expenditures can be
made wisely.

Any attempt at evaluation and planning should be carried on in
cooperation with scientists and government officials in the other countries
involved. In recent conversations with officers of Western European
academies and similar organizations, it has been apparent that they are
worried about the erosion of international scientific exchange and the
haphazard way in which support is reduced. Interestingly, there seems
to be nearly universal conviction among these people that there are too
many international meetings and that they are generally poorly plaimed.
There is also a surprisingly high level of interest in some of our own
notions concerning complementary research collaboration, enough to
show that we have no monopoly on such thinking. These leading acade-

micians also share the fear that such ideas will be difficult to sell both to
governments and to our fellow scientists, with the latter being the more
difficult to deal with. If the perception is correct, there is a problem,
because scientists will be the agents in carrying out philosophically
changed programs, and any new plan that meets with general disapproval
lfl ,ientific circles will probably -work badly.

In conclusion, it is clear that we need to review philosophy and 169

operations in our in tern ational programs, both nationally and institution-
ally. More attention should be given to the returns that we hope to receive
from individual projects. There is probably a need for some move to
coordinate, and perhaps centralize, our very diverse international rela-
tionships in science and technology.

GEORGE S. = HAMMOND
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WORLD FOOD AND NUTRITION

On December 3, 1974, the President of the United States wrote Dr. Philip
Handler
to enlist the aid of the National Academy of Sciences in a major effort to
lessen the grim prospect that future generations of peoples around the world
will be confronted with chronic shortages of food and with the debilitating
effects of malnutrition.

Explicit in ,the request was an examination of the role of science
and technology. Paradoxically, the request was in part prompted by a food
crisis in which technology or the lack of it seemed a minor element.
Rather, the crisis appeared rooted in economic factors such as the uneven
impact of grain prices on different economies, various political decisions,
the inherent difficulty of ever balancing supply and demand for any re-

170 source, and weaknesses in the mechanics of the international food markt
Thus, for a variety of nontechnological reasons, there has been since 1967
a depletion of the grain stocks of the grain-elporting countries, including
the United States. At the same time, many of the developing countries
were increasing grain imports. In 1972, poor weather reduced the yields
of several major grain harvests, and world food production declined mod-
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cstlyabout 1.6 percent, Among the countries whose harvests were dis-

appointing was the Soviet Union. That countryin a change from earlier

policies, under similar conditions, of slaughtering animals and general
belt tightening among its populationopted to buy massive amounts of

grain, including a significant fraction of the 1973 U.S. wheat harvest. That

action, aside from helping to raise meat prices in the United States, also
further drew down any grain surpluses that might have beea used to
mitigate the plight of ttr. Sahelian countries of West Africa or of India,

Bangladesh, Indonesia. I other countries whose crops were substan-
tially reduced by drotiht and whose people were suffering from serious

malnutrition and starvation.
Other factors contributing to the food crisis included sharp and some-

what puzzling reductions in the Peruvian anchovetta harvest resulting ulti-

mately in increased demand for soybeans; increased competition among

the developed countries for more grain as animo d so their citizel,s
could eat more meat; and the deliberate choice of many developing coun-

tries to invest limited funds in industrialization, rather than in raising agri-
cultural productivity. However, to view food shortages simply as a matter
of economicsthe result of failures of marketing and other systemsis
to seriously misjudge the full nature of the problem and to overlook
potentially effective responses. Growing more food, owing crops with
increased resistance to weather and pests, and other responses amenable

to technology can and must be a part of avoiding future food crises.
Many of tl developing countries, already hard pressed to feed their
people, arc being threatened by even greater pressureS. It is in these
developing countries that 86 percent of the world's population growth

is occurringa 2.5 percent average annual growth in population com-
pared to I percent or less for the developed countries. The gap in food
production per capita between developing and developed countries is
widening, and unless food production can be increased, there will be

even less food available per person in countries that already have ram-
pant malnutrition and widening pockets of starvation. As a U.S. De-
partment of Agriculture report ° pointed out

Econontic Research Service, U.S. Department of culture. 1974. The \Vorlcl Food Situa-
tion and Prospects to 1985. Foreign Agriculti .1 conomie Report No. 98. Washington,
D.C., p. 1.
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while the gmwth of food production was slightly higher in iiig coun-
tries from 1961-65 to 1971, per capita progress was lOvc iuse their
annual population growth was 2.5 percent compared with 1 percent in
deveped countries. Per capita food production in the developed countries in
1971 was 15 percent above the 196145 average and it dropped only slightly
as a result of 1972s shortfall. But the developing countries were producing
only .5 percent mote food per capita in 1971, and the 1972 shortfall pushcli
them back to the per capita level they had reached a decade earlier.

To give an aggregated evaluation that may be wrong in specifics but
probably correct in the meaning, the world's population, according to the
United Nations, will rise from :3,8 billion in 1974 to 6.5 billion in 2000; to
keep up, the annual growth rate of food production, now 2.8 percent, must
rise over the next 12 years to 3.6 percent, The remarkable record from
1954 to 1973, whel world food production increased at a faster rate than
population, must be matched,

Ultimately, Thomas Malthus may be quIte right in his dictate that
pervades all animated nature" and that states that the "power of popu-

lation is indefinitely greater than the power in the earth to produce sub-
sistence for man," That judgment has been kept at bayin spite of a
450 percent increase in -Id population since Malthus pronounced it
principally by two deve lents: the opening of vast new farming lands
the American prairi Olds Punjab, the paddies of Southeast Asia;
and the evolution of w ',nologies to increase the labor efficiency
and productivity of agricultureme 1,,nization, pesticides, new hybrid
varieties, fertilizers, large-scale irrigati in, and so on.

About 30 percent of the world's arable land is now farnA, and,
statistically, there remains a great deal of potentially tillable land. But
much of it is of pow quality, and much of it is in semitropicai and tropical
regions and therefore often 7.,fractory to agricultural technologies pri-
marily fitted to the fecund blqck soils of the temperate zones where most
of the world's grain is grown. Thus, tropical soils, including savannahs and
deserts, are often fleetingly fertile, thin and fragile, unable to bold nutri-
ents as can the soil of a Nebraska wbeatfield. Where there have been
successes, as in the "Green Revolution," they have been somewhat adum-
brated, mainly for institutional reasons rather than technological ones.

An increase in acreage seems desirable if food production is to be
raised substantially. But there are limits. Technology must also be effec-
tively appliednot only new technology but also existing technology
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fitted to different soils and local conditions. What fJ1). be done here is
still uncertain. Scientific farming suitable for the developing countries,

rather than simply a transfer of Western agricultural methods, is a corn-

paratively recent and still scattered phenomenon, and effective ways to

nurture it must be identified and applied.
But can the "have" nations significantly increase their grain yields?

The better-quality farmlands are already being tilled, and new frontiers

are few and poor, both in location and soil quality. The only real alterna-
tive appears to be raising yields per acre. Whether that can be done in:the
United States and other developed countries whose grain yields have
multiplied spectacularly, particularly in the past three decades, is some-

what problematical, A 1975 NBC report, Agricultural Production Efficiency,

warned of "clouds on the horizon," * pointing to some disturbing indica-

tors, such as a tapering since 1965 of the rate of increase in crop yields per

Pound of fertilizer added. While there are emtally reassuring signs that

(for the ire r term, at least) agricultural production efficiency will con-

tinue to increase, the report did assert that for

the long-range future, in addition to such contrail ng influences as climate,
increases in agricultural output will depend large4 upon research results not
yet in hand. Output can continue to rise for many more decades only if
additional technologies become available. And such additional technologies
can come only from new research; it is the research:discoveries evolving now
that will significantly influence food supply in 19D and 2000 and later.

The comment is an apt epigraph for the NRC study on world food and

nutrition problems. The first part of this two-part study is complete: a
6-month effort, whose report has already been issued,t advising federal

agencies on how they could move immediately to support the recom-
mendations made at the World Food Conference in Rome. The second

part of the study is a long-ter r, 24-month effort that is intended to reply
mor- fully to President Ford's let:west to Dr. Handler that the Actdenty

°National Rt. -earch Council. 1975. Agricultural ProNetion Efficiency. National Auailein3. of

Sciences, Washington, D.C., p. 5.
f Published by the Academy in December 1975, the report had three parts:.the Interim Re-
port of the World Food and Nutrition Study; an attached report on Recommended Actions
on Nutrition Research and Deceloyment, prepared under the auspices of the Food and Nu-
trition Board of the Assembly of Life Sciences, and, separately bound but transmitted with

thc Report, a report on Enhancement of Food Production for the United States_
epared under the auspices of the Board on Agriculture and Rmewable Resources of the

Commission on Natural Resources,
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aid in a major effort by the United States Government "to lessen the grim
spect that future generations of people around the world will be con-

fronted with chronic shortages of food and with the debilitating effects of
malnutrition" and that the Academy "make an assessment of this problem
and develop specific recommendathms on how our iesearch and de-

dment capabilities can best be applied to meeting this major chah
len ge."

The President's letter.re-emphasized the magnitude of the food prob-
lem. It is not simply a matter of remedying systems and institutional im-
perfections, but of searching for and applying innovative ways to increase
food production.

Accordingly, the study will focus its final report on an integrated
program to mobilize research and development efforts to increase food
production and decrease malnutrition in the developing countries.
Research will be the central element in the program, encompassing many
elements beyond agricultural productivity: losses in moving food from
field to market tn consumer; food-raising requirements to meet specific
and widespread nutritional problems; food processing; the role of weather
and climate variability in productivity; and, perhaps most critical, bow to
ork,thuze hsw programs and institutions, in the United States and in the
less developed countries, to attack these problems.

There is already immense activity on the food front outside the NRC;
a variety of studies and task forces are seeking and producing information
on and analyses of the food supply complex. The NRC in designing the
study was quite aware of these ';-)rts and of the need to avoid wasteful
repetition. After considerable diseussion within the NRC and with the fed-
eral interagency task force ° cooperating with the NRC in the effort, it was
agreed tha unique contribution can be made by the NRC in examining
the potential of research and development for significantly increasing
food production and combating malnutrition in all countries, and in sug-
gesting a program to accomplish that purpose.

Study on World Food and Nubition, Commission on International Re-
lations. Study Chairman, Han ison Brown of the California Institute of
Technolo id:: Director, Joel Bernstein.

o The task force is comprised of the Science and Technology Policy Of lice of the National
Science Foundation (through which the contract is funded and administered). the Agency
tor International Development, the Departments of State, Agriculture, and Health, Educa-
tion, and WcIfare, and the National Oceanic and Atmospheric Administration.
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A VISIT TO A C 4INESE VILLAGE AND
ARCHAEOLOGICAL SITE

A paleoanthropology delegation of eleven American seholarsarchaeolo-
gi5ts, anthropologists, geologists, botanists, and China expertsvisited the
People's Republic of China between May 15 and June 14, 1975. Their trip

was sponsored by the Committee on Scholarly Communication with the
People's Republic of China ° and the Chinese Scientific and Technical
Aesociation. Traveling a total of some 5,500 kilometers by train, plane, and

car during their 4-week stay, the Americans visited research institutes,
museums, and universities in such cities as Beijing (Peking), Tianjin
( Tientsin), Xian (Sian), Anyang, Chengzhou, Nanjing ( Nanking), Shang=

hai, and Guangzhou (Canton), The delegation also had the opportunity to
see a number of Paleolithic, Neolithic and Bronze Age sites. It is hoped
that what followsan account prepared by the delegation of its visit to
the Ding Cun Paleolithic sitewill give a sense of a "typical day" during

the trip.
Ding Quit (Ding village ) in southwest Shanxi Province is on the banks

of the Fen River some 37 kilometers south of Lin Fen, the district seat,

we stayed. This regionsome GOO kilometers southwest of Beijing

crow flies (or perhaps we should say as the bugou flies, a bird which

arrives a few weeks before the wheat harvest and whose haunting cry
charmed us throughout Shanxi)---is traditionally associated with the capi-

tal of one of the legendary sage emperors who are thought to have ruled

China in the third millennium B.C. It is a region that foreigners rarely
visitonly groups from Korea, Cuba, and Albania had previously visited
Ding Cunso that during the course of our stay our, convoy of cars and
minibuses frequently drove through streets lined by crowds of smiling,
clapping onlookers, some of whom had stood for long periods in the rain
and the dark waiting for a glimpse as we drove by. It was a curious
experience to find ourselves the r:enter of such seemingly unmerited

attention.
We arrived by steam train at 2:50 p.m. on May 26 after a comfortable

5-hour ride down the Fen River valley through a fantastically eroded loess

° The Com ittee was established in 1966 by the American Council of Learned Societies, the
National .cademy of Sciences, and the Social Science Research Council.
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platean and were immediately driven to our hostel, a three-story cement
structure, set back in a courtyard behind a guarded gate that was soon
surrounded by an expectant crowd. After some refreshment, we set out
by 3:50 p.m. for Ding Cun itself, speeding along a paved road lined with
yomig poplars, as our drivers insistently blared their way through a variety
of bicyclists, carts, trucks, and buses. The road ran parallel to a terraced
landscape that descend:; in dissected loess to the Fen River. As elsewhere
in Shanxi and Hopei, the yellow dust in the air obscured the sun, giving
the sky a leaden look and penetrating hair, ears, clothes, and cameras.

Turning off the highway and traveling about 2 kilometers down a dirt
road (specially smoothed for us, as we later discovered) that ran toward
the river, we arrived at the small, central plaza of Ding Cun, dominated
by a large wall painting of workers of the world singing the "Interna-
tionale," the words painted beside it. At that time, we saw none of the
village population. The village itself was immaculate. It consisted of a
complex of houses and walls built of brick and rammed earth, the walls
frequently whitewashed (and painted with sloganse.g., "For industry
study [Da Qing]"; "For agriculture study [Da Jail"; "The whole country
studies the People's Liberation Army"), and all divided by narrow alleys
and an occasional ornamental gate. From an upper balcony we were given
a panoramic view -4. the village with its gray tile roofs; eveTy level plot
of groued terraced into the eroded loess plateau surrounding the village
was under careful cultivation, much of it in winter wheat awaiting har-
vest. We then de .ende,' r ig Cun's barefoot doctor and her aide,
both women in tl eir early oes, who showed us the impressive rural
pharmacy, examination room, and fully adequate supply of Western medi-
cines (including antibiotics such as sulfonamides, penicillins, and tetracy-
clines; drugs such as procaine and adrenalin; and vitamins B,, B, B, C,
and K,, in both injectable and oral form), as well as its large supply of tra-
ditional Chinese herbs. Of particular interest was a birth control chart on
the wall indicating the number of births and deaths for the most recent

176 years and the number of peasants using various forms of contraception.
The barefoot doctor (whose surname was that of the village, Din:,) won
onr hearts with her confidence and aplomb in answering our questions.

Next we crowded into several classes in the elementary school where
we saw children doing fractions and learning how to read (since it was
now about .5:30 p.m, we guessed that thc children had been kept in class
specially for us). The wide-eyed younger children were remarkably well-
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disciplined as the teachers led them through their recitations and as they

sang a song and then applauded us. One of the great pleasures of visiting
China was to see the friendly and totally charming Chinese children; we

left that classroom, as we were to do many others, with broad smiles on

our faces.
We next visited the quarters of city youths who had completed

Middle School and had "volunteered" to serve for 3 or more years in

Ding Con to help the peasants and to learn from them Three or four
lived in a room; the rooms were sparsely furnished, with volumes by Mprx

and Engels (in Chinese) by di:: is. After a trip to the kitchen where we
saw num tou, the north China "bread," being made, we returned to the
long meeting room, with its whitewashed walls, where we sat with our
hosts at two lon. rows of tables, under bare electric light bulbs, with the
portraits of Chainna;) Mao at one end of the room and of Marx, Engels,
Lenin, and Stalin at the other. Our hosts were the local cadres attached
to the Revolutionary Committees, Bureaus of Coltural Affairs, as well as

the Ding Con Cultural Relics Preservation Team. It was typical of the care

with which we were treoted that two members of the Institute of Verte-
brate Paleontology and Paleoantbri,pology (lwe) had come by train from

Beijing in order to show us the site. Another member of the wev, who
spoke English, traveled with us throughout Chi-ri,

As we sipped tea and wine and nibbkd on wine-soaked dates heal
prodoct), we were given a detailed account of the Ding Con production
brigade and the history of the arehaeoogical site. We learned, for exam-

ple, that the peasants earn about 1 yhan (57 cents U.S.) a day; that the
iverage household savings were 150 yuan; that there were 950 people in
Cie Ding Cun production brigade, with 140 big animals and 224 pigs; that

over 100,000 trees had beeli planted; that illiteracy has been eliminated;
that each house has electricity; that the population has doubled since
1949; that private household plots do exist, but they are now cultivated

collectively; and so on. We were told that, thanks to the leadership of
Chairman Mao, life had improved immensely since liberation, and the 117

evident prosperity of the village supported this convincingly.
Tired after our train rick and tour of the village, we were glad when

the orientation session was brought to a close around 7:30 p.m. and we
rode back to Lin Fen in the dark through the usual curious crowds, some

running beside the minibuses for a longer look. Dinner with our Lin Fen
hosts was a staggering banquet of local delicacies (such as golden ingot
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eggs). Another of the great jovg of tourin thc nsiin 00 Ow
dinner that night in Lin Fen was superb.

Pressed for time, we breakfasted at 6:-7P tL uxt morning (surviving
a rm r misunderstanding about Western tasteheavily sugared "coffee-
tea" served as one drink) and were back hi Ding Cun by t;.00. We left the
vehicles soon after leaving the highway am:' walked at our leisure down
the dirt road, which at this point paralleled ;:avirie deeply eroded in the
loess. The steep walls, about 60 meters high, provsled excellent exposures
of the loess and its varied soils, some of which we examined close at hand
in the roadside banks. We passed through the village where we could see
the villagersour first glimpse of the village populationheld back at the'
far end of the street and walked down through the _fields to the archaeo-
logical localities, which lie scattered on the western banks of the Fen
River. The localities were of great interest to us because of their postu-
lated age (Late Pleistocene) and the association of stone tools, fossil ani-
mal bones, pollen, and -human fossils, which might permit rather detailed
reconstructions of past climates, environments, and human adaptations.

The first grow) of sitec was in a cultivated area along the single track
of the Taiyuan-to-Xi.r ailway. Prompted by finds originally made by
peasants in 1953, local archaeological teams have found some 2,000 stone
instruments, 28 species of fossil mammals, 30 molluscan species, and sev-
eral kinds of fossil fish. (We had already examined some of these finds in
the IvrP in Beijing.) These came from consolidated sand and gravel that
lies gradationally below the loess, about 15 meters above the present river.
Because of cultivation and grading, the deposits that produce these arti-
facts and fossils were now covered, but we saw enough to comprehend
their geologic character.

We then walked south for more than a kilometer along the railroad
to Locality 100, famous among paleoanthropologists as the place of dis-
covery of three human teeth, again from alluvial deposits, gradational
below the loess. The geologists in our delegation agreed that this geologic

178 section could be matched in general attributes with Late Pleistocene
stratigraphy elsewhere in the world. During this archaeological ramble
along the loessic banks we were accompanied by our hosts from Fen,
Ding Cun, and the lime. A case of qi shui (the Chinese soda pop) and a
box of glasses had been carried down to the riverbank and Chinese and
Americans all sat and drank beneath a tree. The barefoot doctor, who was
gathering medicinal herbs as we walked, took the occasion to correct a
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mistranslatim in previous day's discussion that had given us
neously high figure for infant mortality in the village; it was clear that our
questioning on this point the day efore must have provoked discussion.

As we walked back through the fields toward Ding Cun at about
11;30 a.m., large numbers of peasants, male and female, bearing their hoes
and other tools on their shoulders, sallied out of the villages and marched
past us towards the fields, well.dressed, smiling, and occasionally clap.

ping.
We drove back to Lin Fen at a leisurely pace, hinched, and, still

coated with the yellow dust, caught the 3;00 prn, train for Xian, the same
train on which we had arrived just 24 hours earlier. And some 20 minutes
later we were rolling past the archaeological sites where we had been so
warmly received and had learned so much.

Ding Cun is undoubtedly a special village that has been prepared for
foreign and Chinese guests; a printed color brochure, in Chinese, describeq
the site, and over 7,000 Chinese have now visited it. But the opportunity
to stroll down dirt lanes in the Chinese countryside, to examine the loessie

strata, and to see the site of major paleolithic finds, all in the company of

Chinese experts, was a rare and agreeable one that permitted important
scientific and social learning to take place. We saw the archaeological sites
and obtained new insights for dating and evaluating the finds. But we saw
more than that. The village of Ding Cun was not just the gateway to the
archaeological site: it was, in the Chinc,c view, the necessary experience
through which scientists must pass in order to undevitand that thoir work

exists for, and is supported by, the people. This blerA of scientific and
social experience was typical, not just of our day in Ding Gun, but of our

entire month in China,

Visit of Paleoanthropology Deleg,a,.%u to the People's fteputhtic

China; Delegation Chairman, F. Clark Howell of the tilvJty ef
California, Berkeley; Mall- Officer, Patrick G. Maddox of the :;ochl
Science Research Council, New York,
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REMOTE SENSING FOR DE VELOPMENT

More than three years into the era of earth resources satellites, the 'United

States is discovering that the heralded (43rnucopia of benefits is not to be
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go ten promptly or easily. First orbited in juk 1972. LandSat-I (formerly
designated mrs-1) is a latecomer in the U.S. space applications program,
whose initial goals were communications, weather monitoring, and, of
course, reconnaissance. These earlier applications catered to well-defined,
technologically sophisticated user communities, quickly able to assimii't;.
and institutionalize the innovation. In contrast, the earth resource sate it
programs potentially affect a great diversity of nset-i, with a great diversity
of management practices and data needs, and hence they face a corre-
spondingly great diversity of prob!--

In the technical performance of ipal sensorthe multispec-
tral scannerLandSat-I (joined in F, L975 by its twin, LandSat-II)
has exceeded expectations; however, i. generation design constraints
in spectral range, spatial resolution, and frequency of coveragehave
limited the value of LandSat data in such sectors as agriculture and
forestry. The right promise of remote sensing from space for the
United States has also been tempered by other factors: the difficulty of
transforming remote-sensing data into information suited to existing de-
cision models, and, more generally, of diffusing a new technology among
a heterogeneity of potential users; and the reluctance of resource man-
agers to convert well-established data collection systems to a source of
uncertain continuity, in the absence of a firm U.S. commitment to an
earth resources sensing program.

With these mixed returns, how should the United States respond to
the keen interest that earth resource satellites have aroused in the less
developed countries ocs)? What merits and effectiveness doesor will
remote sensing have for resource and environmental surveying in coun-
tries with scarce illeansbninan, material, organizationaland one over-
riding ambitioneconomic development? And what, if anything, should
be done to help [mu; use this technology?

The Agency for International Development AID) recently put these
questions to the NW:: Board on Science and Technology for International

180 Development (nosTm), which, since 1970, in a series of reports produced
for Am, has examined aspects of science and technology bearing on prob-
lems of development. Though Am is sponsor and client, the studies are
intended tor the benefit of the international development community as
a whole an: ire widely disseminated free of charge.

1'.'jth the collaboration of the Crin Committee on Remote Sensing

8
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Programs for Earth Resource Surveys, of the NRC COMMission on Natural

Restc,...es, the Board established a Committee on Remote Sensing for

Dew Tipment. At IRISTID's request, Ain agreed to a significant broadening

of t?y,. "onimittee's terms of reference, for it soon became evident that
co, t:(n of space remote sensing in an international context intro-

a IIUY of complex and sensitive issuese.g., legal, political, eco-
',ionic, opera tional, organizationalthat would probably influence the
develcpment ;)f a space remote-sensing system and its acceptability to the
world eommunity. In addition, the study would address such matters as

t}n ofrocts on Luc usage of technological change in space hardware and
in ground data processing and analysis; the complementary role of air-
craft remote sensing; and various options for institutionalizing the space

and ground segments on some international and regional basis.

As the Committee learned at its first meeting, May 27-30, 1975, a

score of Lncs have already taken signifiean eps to foster the use of

remote-sensing data, and many others have cad some experience with

remote-sensing products and applications Indeed, the Lncs' response to
this new technologyby way of domestic policy initiatives, research and
application activities, procurement of services from abroad, and resort to
international organizations for helpsuggests they have a more sanguine

view of the utility of present-level LandSat imagery for themselves than
the United States thus far has found at home. Sr veral Lncs have already

conmlitted themselves to installing their own costly direct acquisftion
StdifIlS and related ground processing facilities, and others have indicated

z- intent to do so. Some Lncs are devising new institutional and opera-
tional machinery in the field of natural resources management for the

processing and thssemination of remote-sensing data to user ageneie.
To developing countries, aiten lacking even bi-Lic information about

their national patrimony, LandSat imagery has proven to lie a great and
initially unanticipated boon. Them, countries found ;ery makes

possible the rapid and inexpensive production of re. scale maps,

which, together with thematic overlays that incorpori a from air-
craft and ground surveys, fill a vital gap in the rlanning anti execution of

many types of development ,ro-ojects and the Ftructuring of a natiolial
riNcurce mv tory. Used especially for these purposes, and 1-or defining

water resources and the geomorphology of large areas, reinote-serising
techniques may well hold more in store for the poorly charted and

8 0
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wicategonzed developing countries over the next several years than for
the leveloped ones. Remote sensing from space, by virtue of its synoptic,
multidisciplinary character, may well induce, in addition, a more inte-
grated LDC perception of their natural resource problems, with conse-
quences for the way LDCS approach the management of their resources.

If space remote sensing serves, needs of the LDES that are different
from those of the United States, are there implications for the evolution
of the technology that should be taken into account? Should one consider,
for instance, the development of a satellite system specifically designed
and oriented to Lnc requirements? Or should the emphasis be on
strengthening and diffusing in the Lucs the ground-based capability to
process and utilize imagery from a common satellite so; ; ce?

These and related questions are being taken up :r1 various inter-
national forums, particularly the United Nations, and tlais will warrant
examination by the NRC Committee. In weighing th: ,uture of remote
sensing for developing countries, the Committee wi also have to face
concerns expressed by a number of wcs (and by lk developed coun-
tries), These natio-as see remote sensing posing a thrcai. to

Their concept of sovereignty, in that it constiutes an invasion of
their national privacy

The imperative of their security, in that open and universal dis-
tribution of imagery (upon which the United States ;And other countries
;mist) may 1.-veal privileged facts relative to national defense or national

In. idinciple of equity, in that some countries, or elern-nts within
a country, will profit more from the technology than others, and perhaps
at their expense

The goal of participation, in that unilateral control and anage-
ment of a global system (by the United Sta creates a new condition of

. pendency of the many on the one, contrary to the aspirations of the
82 world community

tnitiatives in the United Nations to check these untoward effects are
taking two routes: the adoption of an international legal regime with cer-

n restrictive clauses and the establishment of institutional machinery
variously endow-A with management, regulatory, serviee, and other func-
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tions Sound and tip ely or not, these initiatives illustrate the diverse
reactions that remote sensing has evoked from the world community,

As an innovation, space sensing of earth resources presents opportuni-
ties and challenges on many fronts. Not the least of these, in the view of
the Committee, is how a technology of global dimensions, its practical
benefits aside, can be made to affirm interdependence and to promote
international cooperation.

Cmumittet, nit Reniutc Sensing for Development, Conithission on Inter-
national fllt1itiiii cIIttlTlmiiIttL'L Chairman, Harlan clevc':vni. F the
Aspen Institute Program on intemational MT lir Prince!el . 3 t 11

Officer, fulien Engel.

THE INTERNATIONAL INSTITUTE FOB
APPLIED SYSTEMS ANALYSIS

The Internationol Institute for Applied Systems Analysis ilAsA) was char-
tered in 1972 and began operations in Schloss Laxenburg outside Vienna
in July 1973. There 'are 14 member institutions:

The National Academy of Sciences, United States of America
The Academy of Sciences. Union of Soviet Socialist Republics
The Committee for the International Institute for Applied Syqems Analy-

sis, Canada
The Cnmiitee for the Intemaiional Institute for Applied Systems Analy-

sis, Czechoslovak Socialist Republic
The French Association for the Develo ment of Systems Analysis, France
The Academy Sciences of the German Democratic Republic
The Japan Committee for the International Institute for Applied Systems 183

Analysis, Japan
The Max Planck Society for the Advancement of Sciences, Federal Re-

public of Germany
The National Centre for Cybernetics oul Computcr Techniques, Peo-

ple's Republic of Bulgaria

9 I
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The National Research Council, Italy
The Polish Academy of Sciences, Poland
The Royal Society of London, United Kingdom
The Academy of Sciences, Austria (1973)
The Hungarian Committee for the International Institute for Applied

Systems Analysis (1974)

There arc sonic GO to 80 scientists in residence at varlocs ies. BASA and

its programs provide an arena for cooperative work by Easc and West on
common scientific and technical problems of modern societies, and nAsA's
organizational management reflects this. The governing council, which is
composed of one representative from each member institution and which
has the responsibility of outlining the areas of research to be included in
iinsA's programs, is chaired by Jermen Gvishiani of the Soviet Union.
George HaMmond, Foreign Secretary of the NA-1, is the U.S. representa-

,e on the Couneil. The first director of the Institute was Howard Raiffa,
who, upon his return to Harvard UniverSity in the fall of 1975, was suc-

tied by Roger Levien, formerly of the Rand Corporation,
HASA'S chartered objective is to initiate and support éoliaborative and

indHclual research in relation to problems of modern societies arising
from scientific! and technological development." ksit.'s programs were to

coy entree on "methodological and applied research in the related fields
of systems analysis, cybernetics, operations research, and management

hniques..
The initial programs specified nine projects, three being methodologi.

methodology, design and management of large organizations, and
computer systemsand six being applied problem studiesenergy stud-
ies, water resources, eco:ogy and environmental systems, industrial sys-

tems, urban and regional systems, and biological and medical system5.

A pi LIED PROBLEM STUDIES

Euerg) systemsnAsA's first project begun in 1973is still one of the
1nstitute's major activities. Led by Wolf Haefele, on leave from the
Karlsruhe Nuclear Research Center in the Federal Republic of Germany,
the project's medium- and long-range perspective blends an international
focus with emphasis on planning and transition into new modes of energy
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die( to conflict resolotion pyoldems in water resources, Turning from
rit'er hash, management, the research emphasis in 197a and bcymid
millivolt I it wale) resin lives. slid] os poll() non ()1 inland seas, management
of water for food prndnution through irrigation. large-scale svater trans.

lers_ alai the waterielwrgv interface in consideiing inan's effect nu the
el hind e.

llie and enviroi neinalsysteins lojtct, hCd1l hv C, S,
III ig file (T14 lv('tsitV CII Jtj sl I 11)loruhia, demonstrated, throligh vrat_41-
cal :Ind tluarretical amiksis, the henefits of inkgrating ectdogival science,

atid dicy am talysisi.c, of developing a science of ecosystems
uNinagei nen( study of forest ail d pet( milnagemoia bits keen completed,
a)1d Ihe techniqncs developed !caw been use4 in a Minty on lonitiliational
control of fisheries, with an initial focus on Pacific salmou. A ease study
assessing Ow effects of tourism, hydroelectric development, and urbanism
WI high Alpine regime; was undertaken cooperation with trtsir-sco, sig-
nificant ties with tlw United Nations Envirounnental Progrzmninc (uNEr)
inchule joint sponsorship of evloratury workshops on particular prob-
lems, 1)r. I lolling has returned to Vanc011tcr, and die enviromental con.
(VMS a HASA hay(' sorliewilitt fruln ecosystems nianagennent to

0 jEt:'
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analysis of detrimental onvironincinol cif cc ts, svttii increased interaction
with the energy and wate studies,

The urban awl regional project, started in 1974 and led by Harry
Swain, fornierlv tvith the Collodion Ministry of State for Urban Affairs,
inithdly focnsed upon national whim settlement systons, resouree.con-
serving litho; 115111, at al municipal systems. Work On management of urban
emergency servicesumbulance, fire, policeproduced a useful survey
for the urban matiogers. Further studies on national settlement strategies
and regional development problems are of major interest to unsA members
,uid will be taken into consideration in f uture research planning,

hi the other applied areas, the biomedical project examined broad
pop dation screening programs and examined ways iu which resources for
research to combat cancer can he optimally utilized in an intermakmal
context, The hi tegrated industrial systems project centered on the analy-
sis of the most efficient use of resources iii production congruent with a
society's goals and coustraints. Comparative methods of steel production
provided a case study.

1%1 CR 0 1 Ifi IC L. NTUPIES

lii the inethock)lor project, the major function is service to the various
applied areas -f he disciplines represented by the methodology team are
wide. George Dautzig of Stanford University and Tjalling Koopmans of
Yale University were IIANA'S first two methodology project leaders, Michel
Baliuski of the City Univers; ty of New Yorli currently heads the method-
ology group. Leading themes in 1975 were mathematical programming
aml decision analysis, both of which have broad applicability to specific
problems undertaken in the other projects.

Another support area has been the project on planning and manage-
ment in large organizations, headed by Hans Knop of the National Econ.

omy Section, University of Economic Sciences, Berlin. An initial case

I 86 study of the Tennessee Valley Authority started a series of studies of

regional development, including the Bratsk-llimsk region in the Soviet
Union, In the computer sciences project, in-house emphasis has been on
computer networking, but computer-aided design and artificial intelli-
gence have also been of interest to the project, headed by Alexandre
Butrimenko of the Institute for Problems of Information Transmission,

'A 9 1
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t'ssn Academy of Sciences. Working with the coin putci services part-
meta Iii support of the other projects, t he computer seic group reviews
the s tatus of CC)111fl11 ting at 11 ASA.

'nil! hist itt Itc is sponsoring a major publication series siirvcyiti g the
state ol the art in systems analysis (oriented to the practi(ioner) and a
handbook (achlressed tu a wider audio ice). Dr. Levien has headed the
survty ce it was begun in the fall of 1971 and as Director of nAsn will
continue in a major role with the project. Dr. Gvishiani is chairman of the
Survey Editorial Board. The Survey/ Ihuldbook project is planned as a
continuing function ol woo., with updating of volumes as needed,

r BUS PECIS

In the view of the tins Advisory Committee, .n.vsA development and pro-
gram achieved much more in only 2 years of actual operation than would
have been an ticipated. - general opinion is that tbe research effort must
be concentrated bii+ that the breadth of expertise of the resident scientists
should be maintained,

Organizationally, ItAsA is rnergiimg the initial projects (except for the
survey) into four groupings: resources and the environment, human settle-
ments and services, management and technology, and systems decision
sciences. Two themes cut across the four research areas: (a) energy options
for the year 2000 and beyond and (b) questions pertaining to integrated
regional development. These two themes consume 50 percent of the re-
search budget; the remainder of the budget is allocated to tasks in the
research areas.

Finances are a difficult problem for nAsA, The charter established
member contributions in dollar terms, with no way to adjust for inflation.
Two devaluations of the dollar and inflation in Austria eroded the Insti-
tute's real income by almost 50 percent by 1975. A 20 percent dues in-
crease in MB is a holding measure at hest. Since the U.S. and Soviet
contributions were originally each set at $1,000,000 and the other mem- 187

bers' contributions at $150,000, the leaderstip of the United States in
ensuring the Institute's financial viability is critical. That role is made diffi-
cult by the current funding situation in the United States, and especially
in the National Science Foundation, which is responsible for the U.S.
contribution.
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I I A's utility as an instillment of foreign policy is best evaluated
by die White House, the Departownt of State, and the Congress, indi-
cations thus far are that the cooperative efforts of leading scientists and
institutions made possil le hy ii sA are leading to shared perspectives,
whicli, if snecesshil iii even modest ways, will justify the hopes of the
!thunders. As a special international endeavor, the Institaile faces more
conipleN organizational and research problems than a domestic research
institution, which normally would not be evaloated before an existence
of at kast .5 years. However, although it is early in iiAS/CS history,
aricty of reasons call for a thorough review of the scientific program.

The Nue will be working in conjunction with the National Science Foun-
dation, which hopes that a broad review can be initiated before the end
of 1976.

dvisory Committee on the International Institute for Applied Systems
Analysk, Commission on international Relations. Chairman, Alvin
NI. kVeinlwrgt of O,ik Iiidgr Assmiated Universities; Shan °aim%
.Aiwushis Nastnitli. tr.

TUE INTERNATIONAL COUNCIL OF
SCIENTI FIC UNION

The hilemmonal Council of Scientific Unio iosu oougoverii
mental organization of 17 autonomous internatnnial scientific unions
and more than tiO national ineinbers----academics of science, research
councils, and similar scientific institutions, icse's main function is to

improve international scientific communication and cooperation. There
are various ways in which the Council and the 17 member unions
seek to do this. They hold meetings, sponsor publications, organize infor.

188 mail( Hi and data services, and sponsor scientific programs, all for the pur-
pose Of catalyzing and spreading knowledge of new scientific develop-

ments as quickly, widely, and elficien tly as possible. By standard iziug sym-

hols. units, amid nomenclature, they seek to make international scientific
communication free of rnisui iderstanding. Since the testi represents ail the

scienceS, it has an ontstanding and perhaps unique capability for organiz-
lig interdisciplinary cooperation at the international level.

9 6
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The icsu is a nonpolitical organization, and it makes every effort to
mann so, in spite of pressures frnm various national groups to take actions
of a political nature. In line with as nonpolitical character, the inse main-
tains (hat sen Mists from all parts of the world have the right to partici
pate in its activities, regardless of the political postures of their home
countries. In union there is strength, and conseqiiently the icse is often
in a hetter position than ih individual members to intercede with national
governments and intergovernmental orgallizatiOns when there is discrimi-
nation against scientists of a particular nationality or ethnic group.

The icsu is also col werned about the problem of enabling sdciit ists of
developing countries to become a part of world science, that is, to enjoy
the henefits of interaction with sciei aists around the wurld and to con-
tribute tu the common enterprise of increasing mall's knowledge. The lest,

that local scientific and technological competence is an essential
element of economic and social development.

Filially, the icso is dedicated to the principle that science should be
the servant of mankind and should be fully and imaginatively utilized to
improve the human condition.

What is icsu doing to achieve its goals? As space is limited, I will
ribe only two of the hundreds of programs, activities, and actions that
be identified.
Each year tly usands of scientists from all parts of the ssorkl partici-

pate in scientific meetings, usually held for the purpise of discussing the
latest findings in their fields of specialization. Not infrequently there are
visa problems brought about by political polarizations between the nations
in which meetings are being held and those in which particular scientists,
.vho want to participate, live, Since World War II we have Seen numerous
-exclosion principles.' act as barriers to free scientific interchangee.g.,
Last-West, two Germanies, Pakistan-lndia, Arab-Israeli, South Africa-
Third World; visas have been refused scientists wanting to participate in
particular conferences.

The icso has, as a matter of policy, intervened in many such cas
often successfully. In order to increase the effectiveness of such inter-
ventions, the test, Committee on Free Circulation of Scientists was created.
It receies complaints, investigates individual cases, keeps records of prob-
lems, and informs meeting organizers what problems to expect if they
,aceept invitations from particular countries. The Committeenow com-
posed of representatives of the Royal Society (London), the French Acad-
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my of Sciences. tile Soviet Academy of Sciences, and tlw Natkmal
Aciukmiy (if Sciences, and chaired by a member of the Swedish Academy
of Sciences- has keen quite successful.

A second example of u:se activities is the Global Atmospheric Re-
search Prognon (cAlle), which is hen ig Anatol jointly by the icsu and the
World Metemological Organization (see page 95 lor more oil (;A 111').

Thl. goal of the program is to increase our knowledge of the circulation
of the earth's atmosphere and thereby enable us to improve m nnerical
models of the atmosphere used in weather forecasting L1id long-range
climate predictions. !lyre, then, is a program that has the potential of I ,oth

increasing scientific knowledge and benefiting manhind.
The first major undertaking of this progrant was the GAIU) Aflantic

Tropical Experiment (civrr), which took place in the stunner of 1971 and
emainued for 100 days, centerilig on an area of the ocean about one-third
ol the distance from Senegal to Brazil. The interpretation of the data
amassed during the experiment is just beginning, but there are already

signs that thi:; research will have an important impact on thinking about
one of the central problems of atmospheric science: tropical convection
and (load systems and their interaction with atmospheric circulation
patterns.

c,vir illustrate% very well the advantages to our country of inter-
national scientific cooperation. Could American scientists have done this
alonc '? ln the first place, scientists of the United States and twelve other
countries had the privilege of using the territory of Senegal as the base
for their research. Day-to-day operations were planned in Dakar, where

an American and a Soviet scientist shared responsibility for direction.
From Dakar, more than 300 aircraft missions ,.vere flown to observe
atmospheric phenomena. Obviously, this could not have been clone with-
oat the full cooperation of thc Senegalese governrnent.

What about manpower and equipment? INfost of the planes were
Am 'can, !nit most of the thirty or forty ships were not; in the main, they

190 were Soviet and British. What about cost? The initial mit of GATE was
$50 million. Of this, our Country covered fit) percent. Another 30 percent
of the cost was covered by the Soviet Union, and the remaining 10 per-
cent was paid by the other participating emintries: Brazil, Canada, Fin-
land, France, the Federal Republic of Germany, the German Deniocratie
Republic, Mexico, the Netherlands, Portugal, Senegal, and the United
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Kingdom, Note I at three developing countries j- 1 this tflort. Also
note that all the data collcted throngh joint are available to
American scientists, and that tlwrefore we ditain ,c1 $50 million worth of
research for 41:30

Thy cAni, program has clearly been a bargain to all cniiveriivd. iii
other ways and in differing scales, the otber icso programs are bargains
as well, not only for thi! United Skaes, but for ,111 mankind.°

[Iirriini Brown, Presi: Ifflumittional Council of S(1(91011,2 Uniolls

C:overni mrd National flco.ircIo

-

More informatkin on ow activities is available from the Board on International Organiza-
tions and Prograno: of the NRC Commission on International Minims or directly from
the Icsu Socronoint, 51 Boulevard de Montmorency, 75016 Paris, France.
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Toward:
Natioiial
Health Policy

Laggi g behind many Other countries, including its neighbor to the north,
the United States moves at a glacial pace toward a national health strat-
egy. Yet its health system is bracing for a whirhvind of change, which, to
some within the system, seems a harsh reward for decades of remarkable
progress, Defenders of the status quo are right to remind us that the tuber-
culosis sanatorinms have been emptied, that vaccines and antibiotics have

nearly banished the dread of fever in a child, and that so many of the
diseases that we still cannot prevent are now at least correctable.

principal motive for reform, however, is not the failure of the
public tkA adjust its expectations to a slower tempo of conquest of the
chronic aiseases nor a revolt over the problems of access to a health system
that has grown more complex and anonymous, The real national dissatis-
faction with health care is with its soaring cost in dollars, a cost that 195

increases faster than the general rate of inflation. To economists, the cost
spiral seems particularly ominous because, if it is measured by changes in
mortality rates or in longevity, there appears to be a steadily declining

f benefit to cost. Indeed, some economists and epidemiologists now
view tb effects of medical care as marginal and believe that other fac-

fl n 9
4.1 ki



iNsfrer r smin E

torssueh as housing, polluti(m, poverty, and crimeloom larger as
determinants of the quality of life and of premature mortality.

This viewpoint only half perstiadcs the politicians, whose scale of
values is more practical. In the allocation of public funds, only defense
and perhaps highways can match the priority accorded access of the
.itizea to medical care. To guarantee this access to larger and larger frae-

t ions of the population, more and more public motley is required annually
increasingly from the federal government.

Because of its mounting role as guarantor of health care, and because
of the stnnig remedies available to it, the federal government has become
the single most compelling force for changing the health system toward
greater cost-effectiveness. The question now is not whether but how com-

' .tely shall a largely voluntary fee-for-service industry be converted to
a prepaid, highly regulated public service system. The answer is not
revealed in any generally adopted strategy. It is being determined largely
by a series of political compromises. At risk of transformation in this pro-
cess are the traditional ways in which physicians and other health profes-
sionals are trained, located, and paid; tile cou tent and style of professional
practiw and the nature of ethical and legal contracts between physician,
patient. and society; the division of responsibilities between medical
schools and universities the financing, the management, the affiliations,
and even the design of hospitals and clinics; and the support and empha-
sis of biinnedical research and the growth and uses of medical technology.

Because of the complex issues of policy arid conflict related to these
pending transformations, the Acadenly created the Institute of Medicine
in I.970. The institute initiates studies both on its own and in response n
requests from Congress or the executive branch. The present program
consists of seven categories, which are interrelated and represent more a
syncytium than isolated cells. These categories are the support and direc-
tions of health science research; education and 11101Ipower policies; assur-
ing quality in health care; the financing and organization of the health

196 system; reorientation of the system to a preventive mode; ethics, the
law, and social choices; and the development of national health goals
and strategies.

Some view of the breadth of cikrt is obtained from examples of
projects now completea review of the National Cancer Program Plan;
a groundbreaking study of the costs of educating physicians and other
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health rofe ionals; detailed policy statements concerned with health
maintenance organizations and qi utlity assurance; conference reports on
ethical and regulatory aspects of health care; annual reviews of the
Administration's health budget; and it study of who is known about the
medical effects of abortion.

The largest single study that we have ever undertaken is the most
searching analysis ever made of the financial underpirming of hospital
pregraduate and postgraduate training of mulieal and osteopathic physi-
cians. The congressional charge for the Social Security Adininistration
Stmly (now completed) relates to the ways Medicare and Medicaid
funds are used to reimburse practicing physicians and residen ts during the
complex interactions that provide medical care to patients while educat-
ing the next generation of doctors. Embedded in the charge also are ques-
tions about the dynamics of how some 1,500 teaching hospitals decide

w many subspecialists of one kind or another they will turn out yearly,
how federal funds influence the use of foreign medical graduates, and
bow the specialist chooses the location for his practice. The recommenda-
tions requested from the Institute cannot help but materially affect the
structure and impact of national health insurance.*

Staff work has already begun on other projects pertaining to cost of
health Care, such as a study to find alternatives to adjudication of nal-
practice as torts and the now intolerable burden of amortizing the mal-
practice costs through the present insurance mode,

The Institute of Medicine feels a particular oh1igatiur to encourage
scientific and health care institutions not to lose sight of tte economic

-realities of health care costs ill their decision-making processes and setting
of priorities. No one should be allowed to forget the comparison in cost
between a Drinker respirator and a dose of polio vaccine. llowever, bio-
medical research, the oldest continuous reform movement within medi-
cine itself, sometimes has had the paradoxical effect of making health
more expensive. The problem here is not knowledge, but the use of
knowledge. One issue is the lack of satisfactory attention to predicting
the effects of certain health technologies before commitment of vast
resources to their development. This is one of the fundamentals of set-
ting priorities in allocation of resources for biomedical research and

The nvort of the tidy Medi r Miriam en I Porkies, was lstted in
March 1976

v

197



INSTITU TE Or MD1IL E

develeprrient. Another issue is the sometimes premature extension of dis-
coveries to clinical diagnosis and treatment 'without assessment of effec-
tiveness or continued monitoring to relate ultimate benefits to costs. When
these benefits do not materially improve the quality of life of an individual
or when the ,costs impinge unfairly on other priorities of society, the prob.
lems Lecorne ethical as well as technical.

One investigation that we are engaged in entails a harder look at the
decision-rnaking processes involved in human experimentation. The im-
portance of these 'soles moves to a grand scale as large randomized dink
cal trials becionie increasingly important. Who can best reach the decision
that sufficient collective doubt exists, and that the possibilities of getting
answers are Erin enough to begin a trial? What algorithms can be invoked
in peer and ethical review procedures that preserve the possibility of
honest inquiry wiffe protecting human dignity and rights within the spirit
and the intent of the law? How can the risks to subjects and investigators
be indemnified?

Another hnpotttnt target for similar examination by the Institute is
the available proos5 for determining the eacacy of established medical
procedures. hkre- is :a pending series of difficult questions whose solution
national teal th irisurance is certain to make imperative. There is insuffi-
cient riethocl, logic, and commitment to provide the answers.

Under its curreot grant from the Andrew W. Mellon Foundation, the
Institute is enabled not only to examine the decision-making processes
themselves butt tr, explore the social dimensions and the long-range con-
sequences of major technical, administrative, and political decisions
affecting the heaith system.

Such analyses may, indeed, provide the process nnd the substance
from vihiell a coh erem national health strategy or policy at last emerges,

DONALI3 S. FREDII N
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t y Projects

MANPOWER POLICIES FOR PFI MART
HEALTH CARE

Primary health care is less available than it should be in much of the
United States, according to Increasingly intense comment by physicians,
other health workers, legislators, governmen t officials, and the general
public. There is less consensus, however, on what functions are comprised
in "primary health our and who should perform those functions.

In nik1-1975, the Institute of Medicine began an effort to sort out the

policy questions, determine whether knowledge is available to help

answer the questions, and come up with recommendations for public
policy actions thut can guide the development of a manpower supply for 199

primary health care. The stock, is supported in equal shares by Institute
core funds from the Robert Wood Johnson and W. IC. Kellogg foundations.

Complaints about the inadequacy of primary care have arisen from
uch diverse but related situations as the inability of some persons to

engage a physician, the feelings of others that the physician they do
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engage is not warmly enough concerned with their plight, and the rising
price of medical care delivered by professionals whose post-high-school
education may take up to 20 years.

Several modes of medical practice have appeared during the past
dedde to allay some of tle concern about the disappearance of the
legendary GP. Family practice became a specialty, and thus is more effec.
tively competitive with other specialties in attracting medical-graduates.
Physicians' helpers were more formalized as products of training programs
for physicians' assistants and nurse practitioners. Specialists in such
fields as internal medicine, pediatrics, and obstetrics and gynecology
expanded their activities as physicians of "kst contact." And tk idea of
the health care 'team- has been taken up in many settings in order to
spread the work load,

Still and all, these developments in medical practice have not fully
met the problems that evoked them, and, in fact, they have raised new
problems. Family practice is only one of several models for primary care
and Las not demonstrably met the needs of the whole population. Physi .
cians helpers are proving very valuable b ut would be even more so if
some wide agreement could be reached on what services they can per-
form under what supervisory arrangements. Health care teams seem to
have a great potential for effectiveness in primary care, but first there las
to be some consensus on who should direct the team. In sum, as the
institute's study plan states,

liC cause the functional responsibilities and role interrelationships among the
many providers of primary care services are uncertain, it is not at all clear
whether the diverse manpower initiatives currently being implemented by
different segments of society are cpmplementary pieces of a cohesive health
manpower strategy that will, in fact, be able to riled future societal needs
for primary care.

On a schedule that may extend 2 years, the Institute examination has
begun with the assembly of a steering committee, which has the job of
defining the study's principal issues. These might include not only such
current concerns as physician rnalilistribittion, hut aim questions of the
-caring" function, disease prevention, continuity of care; integration of
services other than medical, and the consequences of recent manpower
developments, such as the family practice specialists and physicians'
ass is t an ts
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The study's second p htse will be the pulling together of inforniation
required for the committve,'s com:leration of the policy issues previously
defined. A beginning search of the pertinent scholarly treatises is provid-
ing some impressions about vvhat does and does not exist among the
numerous studies on one or another aspect of primary care. A few
examples:

Primary health care is a larger entity than primary therapeutic
treatment; it also inchides disease prevention and health promotion.

Physician extenders (nurses or assistants) have been evaluated on
the basis of structure, process, patient load, and costs, but not on the
basis of outcome for the consumer.

The decline in number of CPS has not been offset by the entry of
specialists into primary care, but geographic distribution may be more
rucial than physician numbers to the availability of primary care.

Coordination of care often is compromised by inadequate organi-
zation and communication,

The potential for primary clue to reduce medical care costs, by
providing ambulatory services in clinics as a substitute for some hospitali-
zation, is not realizable under many third-party payments plans:

The third and final phase of the study is the steering committee's
development of policy recommendations based, as the study plan states,
on "consideration of 'what is' combined with expert professional judgment
f 'what should be in the supply of primary health care workers?'

Coinmittee on Manpower Fatties for Primary Health Care, Institute
of Medicine. Steering Committee Chairman, E. Harvey Estes, M.
of the 1Dide University !Medical Center, Staff Officer, Ouida Upcinireh.

EVALUATINC QUALITY ASSURANCE
IN HEALTH CARE

Iii dusty, quality control is now a large subdiscipline of the engineering
sciences. In the health enterprise, however, quality controlmore usually
and optimistically called 'quality assurance"has not until recently be-

0 8
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gun to pull itself together into a field of study. The reality that quality
assurance in health care is a feld for considerable study las been under-
scored by the federal government's creation of a nationwide system of
Professional Standards Review Organizations (Psaos), now being assem-
bled to review the appropriateness and quality of institutional health
services financed by the Medicare, Medicaid, and Child Health programs.
The predicted nearness of some kind of national health insurance plan
makes the study of quality assurance even more urgent, the presumption
being that if government is to guarantee health care for everybody, it
cannot entrust the detnitioa of that care solely to the professions that
provide it.

In mid-1975, the Ins titute of Medicine embarked on a year-long study
to collect the scattered knowledge of the development of quality assur-
ance programs for health care, evaluate the effectiveness of the many
different predecessor programs that experimented with portions of the
task now handed to PSII0s, and, probably most important, identify the
types of knowledge that are missing but needed to build an effectual
system of quality control.

The study was contracted to the Institute by the Department of
Health, Education, and Welfare. It is a lineal descendant of two para-
graphs in Section 4 of Public Law 93-222, the llealth Maintenance Orga-
nization Act of 1973. That entire section called for a sweeping assessment
of health care quality assurance mechanisms, the construction of funda-
mental principles for the conduct of any quality assurance program, and
even for the evaluation of quality from the standpoint of the consumer.
The present study is only a portion of the grand investigation outlined
in the limo Act.

The present study also is a collateral descendant of two Institute-
initiated activities undertaken after the enactment of Public Law 92-603,
the Social Security Amendments of 1972 that spawned ',silos. The first
was a year's study of policy issues involved in the establishment of Psaos

202 or any other publicly sanctioned mechanisms for the review of profes-
sional standards for medical care. That examination, by an Institute panel
beaded by Dr. Robert j. liaggerty, then professor of pediatrics at the
University of Rochester, resulted in a policy statement, Advancing the
Qvality of liealth Care, ihe statement, published in August 1974, was a
detailed discussion of principles fundamental to any quality assurance
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system, along with an exploration of the present state of quality measure-
ment methods, the kind of data needed to determine the eflicacy of health
care, the variety of expertise that might be required to make judgments
in a large-scale quality control program, the costs and bendts of quality
assurance programs of various scopes, and the ways in which quality
measurements might be used to further education of health care providers.

The second recent Institute activity antecedent to the present study
was the November 1974 membership meeting, whose 154-day program
was entirely devoted to quality assurance issues. The keynote presentation
by Dr. Aveclis Donabedian, University of Michigan professor and pioneer-
ing scholar in health care quality assessment, suggested the job was far
from done. The study of health care quality, he said, "is so complex and so
much of it remains unexplored or known only by rumor or conjecture, that
all I can hope to provide is a rough sketch that . . points the way to
farther exploration into parts of it that now remain in partial shadow or
virtual darkness." Nothing said by the succeeding speakers indicated any
greater confidence in the exis ting knowledge.

Additionally, long before the creation of PSROS, the Institute con-
ducted as its first major study an examination of contrasts in health status,
begun in 1969 by the Panel on Health Services Research of the Institute's
predecessor, the Board on Medicine. The objectives of that study were to
develop and test a methodology for comparing the effects of various forms
of health care delivery on selected population groups. The study devised
a method that used particular diseases as "tracers" of the quality of care
received in various medical settings. The concept and technical details of
the tracer metWod were explained in Contrasts in Health Status, Volume 2,
published in Juno 1973, Volume 1, also published that month, was an
assessment of perinatal mortality in New 'York City as a measure of the
quality of prenatal care. Volume 3, published in February 1974, de-
scribed a trial of the tracer method to assess the health status of children
in a sample of more than 1,400 families residin g in high- and low-income
areas of Washington, D.C.

Against that background, the present study is, in the words of the
contract, "to provide an explication and synthesis of current knowledge
about the study and development of quality assurance systems . . .," as
well as to evaluate the systems themselves and map routes to the most
important territories now marked "unexplored," Along

210

the way, the study
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may look into such specific matters as the application of quality assessment
to ambulatory and long-term care; the effect of quality assurance pro-
grams on physician behavior and the comparative effectiveness of such
feedback as sanctions, peer pressure, or continuing education; the cost of
quality review in systems that otherwise appear workable; and the manner
in which the consumer might be influenced to seek appropriate and high-
quality medical services. in addition, as a shorter-term study-within-a-
study, the reliability of discharge information that is abstracted from
hospital medical records will be assessed to determine its usefulness for
evaluation purposes.

Evaluating Quality Assurance in Health Care, Institute of Mdicinr
Steering Committee Chairman, Robert J. Haggerty of the llarvisrc
School of Public IIcalth; Stall Director, Linda Dem lo.
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Appendix A

On Potential
Sources of Bias

Prospective members of a study committee are requested to complete this
"bias" fann whenever the committee may deal with matters involving
value jndgments as well as the evaluation of purely quantitative material.

Reports of appointed committees and other bodies of the National Academy of
ScienceqNational Academy of Engineering/Institute of Medicine/National
Research Council which consider technical matters directly relevant to issues
of public interest or policy frequently contain conclusions and recommenda-
tions that necessarily rest upon professional value judgments as well as upon
piantiWivly evaluated data.

When this is the case, some instances will arise in which it is inappropri-
ate to appoint to membership an individual who has a substantial professional
or flnanorAl interest that would be affected by the outcome of the deliberations.
In other lustances, however, it may be imperative that appointments be made
in such 0 way as to represent a balance of interests or opinions known to be in
conflict.

It is for these reasons that you are requested to complete the form on the
reverse bemof, showing: (I) industrial or commercial affiliations over the last
ten years, as an employee, director, officer, or consultant; (2) sources of re-
search skr.)port over the last five years; (3) the names of companies in which
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you now hold financial interests in an amount exceeding $10,000 in market
value, which also represent more than 10% of your current holdings.

More subtle is the question of other potential sources of bias, e.g., views or
conclusions to which you are publicly connnitted, other than through formal
publication in scientific or emineering journals, on matters within the purview
of the group to which you are appointed. You are asked on the reverse hereof
to indicate any such activities or commitments which, in your judgment, might
reasonably appear to others as potentially compromising of your independence
of judgment, and hence in some measure prejudicial to the work of the group
on which you serve.

If, during your term of service, any of these conditions should change, a
letter explaining the circumstances should be provided for the file.

Each of our committees and other similar bodies is asked to discuss the
matter of potential sources of bias at its first meeting and once annually there-
after. On those occasions the chairman will share with the other members such
information from these statements as may appear relevant. We shall treat the
statements themselves as privileged to those of our offices whose proper busi-
ness they are; the information given will not be made more widely available
except under the most unusual circumstances, and then only with the approval
of the individual to whom it pertains.
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NATIONAL ACADEMY OF SCIENCES NATIONAL ACADEMY OF ENO EFuNo

INSTITUTE OF MEDICINE

October, 1975

NATIONAL RESEAME eGrUNCLL

MflLY OF COMM 10
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(Above lines to be completed by cognizant o
pointee

fore form is sent to ap.

1. INDUSTRIAL OR COMMERCLAL AFFILIATIONS DURING LAST TEN YEA

As an employee tate position) (b) A

(c) As a consultant

ctor or Corporate 0

2. souncEs ov RESEARCH SUPPORT DURING LAST FIVE YEARS (ode yer)

COMPANIES IN WIIICH yOU HAVE CURRENT FINANCIAL INTENIESTS Please list

only holdings with market value in excess of $10,000 vihicli also amount to
more than 10% of your total investments. Please do not list actual amounts.)

4. ADDITIONAL INFORMATIoN (e.g., views expressed publicly relevant to natters
within the purview of the group to which you are appointed, other than in
formal publication in scientific or engineering, journals; see fourth paragraph
on reverse side.

Date
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Signature

This statement is privileged to those offices whose proper husin ss it is. It lath
not he made more widely available except with the apDroval of the individual
to whom it pertains.
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cuidelines
forReview
of Reports

These guidelines, prepared by the Report Review Committee, are ro-

vided to all reviewers of NBC reportswhether they are reviewing for the
involved Assembly or Commission or for the Report Review Committee.

Every report from the Academy complex TAS-NAE-NBC- before it is

issued, is reviewed by a group other than the authors. The purpose of the re-
view is to help authors make their report as accurate and clear as possible and
to provide greater assurance that the authoring committee and the institution
are creditably represented by the reports published in their name. Whereas the
reports are prepared by carefully constituted committees of experts, the review
group consists of scientists, physicians, and engineers usually not specializing
in the subject matter of the report.

It is their task to read reports thoughtfully and critically, to make appro-
priate comments and suggestions, and to identify in advance possible difficult
or troublesome questions that are pertinent and that might otherwise be asked 213
in embarrassing ways after the report is made public. The reviewing group
may disagree with the authors and is free to press its views upon them as
strongly as it wishes, but it must bear in mind that the authors must sub-
scribe to the final formulation. Reports are issued in the name of the Academy
and over the signature of the authors. Thus, both have responsibility for the
final product. In this connection, it should be noted that, throughout the

I 9
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21,4

Academy complex, the revi w is monitored by the Report Review
Cminnittee.

Here aro some kev plostions dot ivvktis should bear in mind when
reading draf Os):

I, Is the report clear and concise?
2. Are the data adequate for the argument presented?
3. Are the uncertainties in the data recognized?
4. Is the report complete?
5, Is the report fair?
6. Could the "conflict of interest" issue harm the report?
7. Are political questions handled with circumspection?
8, flow does the report relate to other published mat rial on the same

subject?

These questions, as expanded below, may not all apply to a particular
report. Also, the reviewing panel need not be concerned with detailed editorial
comments, which can be handled more efficiently by the Editorial Office at the
tune of editing of the final draft,

l. Is it clear and concise?

Is there an adequate introduction or summary? Is the task of the study stated
clearly and are the conclusions adequately developed and explicitly fornm-
fated? Is the argument and exposition put in such a way as to be intelligible to
the intended audience? Are thu style and level of the report consistent through-
out or, if not, are the parts intended for different audiences clearly distin-
guished? Are technical terms adequately explained? Do figures and tables
really support inferences made from them in the text? Does each have an
essential function? Are there places at which additional figures or tables would
clarify the text? Are there statements that are ambiguous or may be misunder:
stood? Is there too much detail or needless repetition? Is there excess jargon?
Are there arguments that should be recast and made more cogent? Are there
illogical or incomplete arguments?

In short, do the authors make a clear case for their conclusions from the
standpoint of a less involved or less committed audience?

2. A e th data adequate for the arguments presented?

Does the report meet high standards of scientific and technical excellence? Are
the appropriate questions analyzed quantitatively? Does the report present
adequate data for the problems considered? Do the conclusions follow from the

data?

2 2 0



APPENDIX B

3. Are the uncertainties in the data recognized?

Does the report adequately present any uncertainties intrinsic to the data? Are
systematic errors noted? Are appropriate statistical methods used? Are the
possible influences of these uncertainties on the conclusions suitably noted?

4. Is it complete?

Is the report as complete as is needed for the purpose? Are important relevant
subjects omitted? Is some pertinent experimental evidence omitted or inade-
quately represented? Are some topics slighted and others overemphasized? If
so, does this bias the report as a whole?

Does the report add something new or is it just a restatement of well-
known facts?

Finally, does the title fit the contents?

5. Is it fair?

Are the viewpoints of others fairly presented? If there are strong criticisms of
institutions or individuals, are they necessary to the case at hand? If so, are
they non-pejorative and adequately documented? If the government policy or
action is attacked, is the policy or action in question adequately explained and
is the criticism well fonnulated?

6. Conflict of interest

Is material that might appear to be special pleading appropriately supported?
Are recommendations being made that will benefit a particular institution (in-
cluding NAS-NAL-Nnc-I0M) or group of institutions with which the authors are
connected? Does the analysis in the report reveal or suggest bias or favoritism?

7. Are political questions handled with circumspection?

Are there recommendations to the government that may not be appropriate
coming from the Academy as an institution? If these are proposals to govern-
ment agencies, are they based on adequate scientific and technical grounds? If
there are suggestions for legislation, do they address the substantive general
problem, leaving the details to appropriate political institutions?

8. How does the report relate to other published material on the same subject?

Does it add enough that is new in the way of hard information or perspective
to be worth the effort invested in it?

1
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Conclusions:

Virtnally none of the questions listed above is such that simple yes or no
answers will be obtained from reading the draft report. Exercise of sensitive
judgment is essential. The authors should be given the benefit of the doubt
unless the possibility exists that the report will not creditably represent the
writers of the report or the National Academy of Sciences,

The Pres.s. and Publicity

In the event that a reviewer is questioned by reporters on a document he had
reviewed, he is free to discuss the report only after he has determined that the
report has been released to the public. However, he should refrain from refer-
ences to earlier drafts and should keep in mind that the deliberations of the
review panel are internal to the Academy complex and, thus, remain privileged.
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.1975*

ASSEMBLY OF BEHAVIORAL AND SOCIAL SCIENCES

Assessing Demand for Outdoor Recreation. (Committee on Assessment of Demand for
Outdoor Recreation Resources; 123 pp.; available from the U.S. Department of the
Interior, Bureau of Outdoor Recreation, 18th and C Streets, N.W, Washington,
D.C. 20240.)

Compensation Formula far Hearing Loss. (Committee on Hearing, Rioacoustics, and
Riomechanics; 4 pp.; limited number of copies available from the committee.)

Protecting Individual Privacy in Evaluation Research. (Committee on Federal Agency
Evaluation Research; 131 pp.; available from the NAs Printing and Publishing
Office; ISBN 0-309-02404; $7.00.)

Toward an Understanding of Metropolitan America. (Social Science Panel on the Sig-
nificance of Community in the Metropolitan Environment, Advisory Committee to
the Department of Housing and Urban Development; 193 pp.; available from Can-
field Press, 805 Montgomery Street, San Francisco, California 95033; ISDN 0-08
385492-9; $3.95.)

Visual Elements in Flight Simulation. (Committee on Vision; 70 pp.; limited number
of copies available from the committee.)

* Reports from the r.hts Printing and Publishing Office are available from the Printing and
Publishing Office, National Academy of Sciences, 2101 Constitution Avenue, N.W., Washing-
ton, D.C. 20418. For National Technical Information Service (Nils) reports, write to the
National Technical Information Service, Springfield, Virginia 22161. For reports available
from a committee, write to the committee, National Academy of Sciences. Other reports are
available from the sources noted. Prices and availability subject to change.
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ASSEMBLY OF ENGINEERING

Building Effective Minority Programs in Engineering Education. (Committee on
Minorities in Engineering; 135 pp.; limited number of copies available from the
committee. )

Information and Data Exchange for Ocean Engineers: An Approach to Improvement.
(Panel on Marine Engineering information and Data Exchange, Marine Board; 85
pp.; limited number of copies available from the board.)

Mining in the Outer Continental Shelf and in the Deep Ocean. (Panel on Operational
Safety in Marine Mining, Marine Board; 119 pp.; available from the NAs Printing
and Publishing Office; Ism 0-309-02405-6; $6.25.)

New Experiments in Research and Development Incentives. (Ad Hoc Panel on Ex-
perimental Imo Incentives; 24 pp.; limited number of copies available from the
assembly.)

Practical Applications of Space Systems. (Space Applications Board; 67 pp.; Support-
ing Paper 1: Weather and Climate, Panel on Weather and Climate, 25 pp.; Sup-
porting Paper 2: Uses of Communications, Panel on Uses of Communications, 46
pp.; Supporting Paper 3: Land Use Planning, Panel on Land Use Planning, 55 pp.;
Supporting Paper 4: Agriculture, Forest, and Range, Panel on Agdculture, Forest,
and Range, 47 pp.; Supporting Paper 5: Inland Water Resources, Panel on Inland
Water Resources, 77 pp.; Supporting Paper 6: Extractable Resources, Panel on Ex-
tractable Resources, 22 pp.; Supporting Paper 7: Environmental Quality, Panel on
Environmental Quality, 56 pp.; Supporting Paper 8: Marine and Maritime Uses,
Panel on Marine and Maritime Uses, 37 pp.; Supporting Paper 9: Materials Proces-
sing in Space, Panel on Materials Processing in Space, 30 pp.; Supporting Paper
10: Institutional Arrangements, Panel on Institutional Arrangements, 46 pp.; Sup-
porting Paper 11: Costs and Benefits, Panel on Costs and Benefits, 75 pp.; Sup-
porting,Paper 12: Space Transportation, Panel on Space Transportation, 31 pp.;
Supporting Paper 13: Information Services and Information Processing, Panel on
Information Services and Information Processing, 29 pp.; Supporting Paper 14:
Technology Support, Panel on Technology Support, 12 pp.; limited number of
copies available from the board.)

A Review of Short Haul Passenger Transportation. (Committee on Transportation;
147 pp.; available from the NAS Printing and Publishing Office, ism 0-309-02445
5; $6.25.)

afety of Outer Continental Shelf Petroleum Operations: Third Report of the Review
Committee. (Review Committee on Safety of Outer Continental Shelf Petroleum
Operations, Marine Board; 12 pp.; limited number of copies available from the
board.)

Safety of Outer Continental Shelf Petroleum Operations: Fourth Report of the Review
Committee. (Reitiew Committee on Safety of Outer Continental Shelf Petroleum
Operations, Marine Board; 25 pp.; limited number of copies available from the
board.)

ASSEMBLY OF LIFE SCIENCES

Amputee Clinics in the United S ales and Canada. [Eighth Edition]. (Committee on
ProstheticOrthotic Education and the Committee on Prosthetics Research and De-
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velopment, Division of Medical Sciences; 81 pp.; limited number of copies avail-
able from the Committee on Prosthetics Research and Development.)

Animals for Research: A Directory of Suppliers of Laboratory Animals, Animals from
Nature, Fluids, Tissues and Organs [Ninth Edition]. (Institute of Laboratory Ani-
mal Resources, Division of Biological Sciences; 194 pp.; available from the WAS
Printing and Publishing Office; IsaN 0-309-02326-2; $4.50.)

Communication and Sensory Aids for the DeafBlind. Report of a workshop held at
the National Center for DeafBlind Youths and Adults, November 29-30, 1973.
(Committee on Prosthetics Research and Development, Division of Medical Sci-
ences; 15 pp.; limited number of copies available from the committee.) .

Epidemiology of Lumbar Disb Lesions in the Military in World War II. (Medical
Follow-up Agency, Division of Medical Sciences; 11 pp.; limited number of copies
available from the agency.)

Follow-up Studies of World War Il and Korean War Prisoners: Morbidity, Disability,
and Maladjustments [Part 22]. (Medical Follow-up Agency, Division of Medical
Sciences; 22 pp.; limited number of copies available from the agency.)

Food Chemicals Codex [Second Edition]. (Committee on Food Protection, Food and
Nutrition Board, Division of Biological Sciences; 44 pp.; available from the NAs
Printing and Publishing Office; ISBN 0-309-01949-4; $20.00.)

Genetic Screening: A Study of the Knowledge and Attitudes of Physicians. (Commit-
tee for the Study of Inborn Errors of Metabolism, Division of Medical Sciences; 89
pp.; limited number of copies available from the committee.)

Genetic Screening: Procedural Guidance and Recommendations. (Committee for the
Study of Inborn Errors of Metabolism, Division of Medical Sciences; 53 pp.; limited
number of copies available from the committee.)

Genetic Screening: Programs, Principles, and Research. (Committee for the Study of
Inborn Errors of Metabolism, Division of Medical Sciences; 388 pp.; available from
the NAS Printing and Publishing Office; Ism 0-309-02403X; $6.00.)

Lung Cancer Mortality in World War I Veterans with Mustard-Gas Injury: 1919
1965. (Medical Follow-up Agency, Division of Medical Sciences; 7 pp.; limited
number of copies available from the agency.)

Mobility for Spinal-Cord-impaired People. Report of a workshop held at Los Amigos
Hospital, Downey, California, February 22-24, 1974. (Committee on Prosthetic
Orthotic Educafion and the Committee on Prosthetics Research and Development,
Division of Medical Sciences; 180 pp.; limited number of copies available from
the Committee on Prosthetics Research and Development.)

Nickel: Medical and Biological Effects of Environmental Pollutants. (Panel on Nickel,
Committee on Medical and Biologic Effects of Environmental Pollutants, Division
of Medical Sciences; 277 pp.; avail"sle from the NAS Printing and Publishing
Office; isnN 0-309-02314-9; $10.75.)

NIH (National Institutes of Health] Rodent Repository. (Committee on Maintenance
of Genetic Stocks, Institute of Laboratory Animal Resources, Division of Biological
Sciences; 38 pp.; limited number of copies available from the institute.)

Nonhuman Primates: Usage and Availability for Biomedical Programs. (Committee on
Conservation of Nonhuman Primates, Institute of Laboratory Animal Resources,
Division of Biological Sciences; 122 pp.; limited number of copies available from
the institute.)
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Nutrition and Fertility Interrelationships: Implications for Policy and Action. (Sub-
committee on Nutrition and Fertility, Committee on International Nutrition Pro-
grams, Food and Nutrition Board, Division of Biological Sciences; 60 pp.; available
from the NAS Printing and Publishing Office; ISBN 0-309-02341-6; $4.50.)

Oral Contraceptives and Nutrition. (Committee on Nutrition of the Mother and the
Preschool Child, Food and Nutrition Board, Division of Biological Sciences; 3 pp;
limited number of copies available from the board.)

Population and Food: Crucial Issues. (Committee on World Food, Health and Popula-
tion, Division of Biologjcal Sciences; 50 pp.; limited number of copies available
from the division.)

Preoperative Irradiation for Carcinoma of the Rectum and Rectosigmoid Colon: Re-
port of a National Veterans Administration Randomized Study. (Medical Follow-up
Agency, Division of Medical Sciences; 6 pp.; limited number of copies available
from the agency.)

Preoperative Radiotherapy for Colorectal Cancer. (Medical Follow-up Agency, Divi-
sion of Medical Sciences; 8 pp.; limited number of copies available from the
agency.)

Prevention of Microbial and Parasitic Hazards Associated with Processed Foods:
Guide for the Food Processor. (Committee on Food Protection, Food and Nutrition
Board, Division of Biological Sciences; 166 pp.; available from the NAS Printing and
Publishing Office; ISBN 0-309-02345-9; $5.75.)

Prosthetics and Orthotics Research Reference Catalogue, Volume Two: Article Num-
bers 2501 to 3064, (Committee on Prosthetic-Orthotic Education and the Commit-
tee on Prosthetics Research and Development, Dii.ision of Medical Sciences; 352
pp.; available from the NAS Printing and Publishing Office, ISBN 0-309-02402-1;
$27.00.)

Relationship of Cell Type and Lymph Node Metastasis to Survival After Resection of
Bronchial Carcinoma, (Medical Follow-up Agency, Division of Medical Sciences;
5 pp.; limited number of copies available from the agency.)

Report of the Colombian and Peruvian Primate Censusing Studies. (Committee on
Conservation of Nonhuman Primates, Institute of Laboratory Animal Resources,
Division of Biological Sciences; 104 pp.; limited number of copies available from
the institute.)

Research in Zoos and Aquariums. A symposium held at Houston, Texas, October
6-11, 1973. (Institute of Laboratory Animal Resources, Division of Biological Sci-
ences; 215 pp.; available from the NAs Printing and Publishing Office; ISBN 0-309-
02319-X; $7,25.)

The Solitary Pulmonary Nodule: Ten-Year Follow-up on Veterans Administration-
Armed Forces Cooperative Study. (Medical Follow-up Agency, Division of Medical

234 Sciences; 6 pp.; limited number of copies available from the agency.)
S andards for Cardiopulmonary Resuscitation and Emergency Cardiac Care, (Com-

mittee on Emergency Medical Services, Division of Medical Sciences, and American
Heart Association; available from the American Heart Association, 2007 I Street,
N.W., Washington, D.C. 20006.)

Summary Statement of the Asilomar Conference on Recombinant DNA Molecules.
(Organizing Committee for the International Conference on Recombinant DNA
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Molecules, Division of Medical Sciences; 13 pp.; limited nuniber of copies a
able from the disision.)

Survey of Analgesic Drug Prescribing Patterns. (Committee on Problems of Drug
Dependence, Division of Medical Sciences; 274 pp.; available from the Drug Abuse
Council, Inc., 1828 L Street, N.W, Washington, D.C. 20036.)

Synthetic Substitutes for Opiate Alkaloids: A Feasibility Study. (Committee on Proh-

lems of Drug Dependence, Division of Medical Sciences; 77 pp.; available from the
Drug Abuse Council, Inc., 1828 L Street, N.W., Washington, D.C. 20036.)

Three-Dimensional Shape Sensing and Reproduction of Limbs and Limb Remnants.
A report of a conference held at the University of British Columbia, Vancouver,
Canada, October 18, 1973. (Committee on Prosthetics Research and Development,
Division of Medical Sciences; 56 pp.; limited number of copies available from the

committee.)

ASSE Y tat' MATHEMATICAL AND PHYSICAL SCIENCES

Assessment of the Impact of World Data Centers on Geophysics. (Committee on Data
Interchange and Data Centers, Geophysics Research Board; 35 pp.; limited number
of copies available from the committee.)

Catalog of United States Contributions to the International Hydrological Decade
1965-1975. (U.S. National Committee for the International Hydrological Decade;
255 pp.; limited number of copies available from the committee.)

Cornpatability Gutde for Adjacent Loading of Bulk Liquid Cargoes. (Committee on
Hazardous Materials; 21 pp.; limited number of copies available from the commit-
tee.)

Environmental Impact of Stratospheric Flight: Biological and Climatic Effects of Air-
craft Emissions in the Stratosphere. (Climatic Impact Committee, 348 pp.; avail-
able from the NAS Printing and Publishing Office; ISEN 0-309-02346-7; $8,00.)

Establishment of a Solar Energy Research Institute. (Solar Energy Research Institute
Committee; 50 pp.; available from.the Office of Public Affairs, Technical Informa-
tion Center, U.S. Energy Research and Development Administration, Oak Ridge,
Tennessee 37830.)

Fellowship and Research Opportunities in the Mathematical Sciences, 1975-1976.
(Office of Mathematical Sciences; 43 pp.; limited number of copies available
from the office.)

Fire Hazard Classification of Chemical Vapors Relative to Explosion-Proof Electrical
Equipment: Report IV. (Committee on Hazardous Materials; 42 pp.; limited num-
ber of copies available from the committee.)

Interim Report of the Panel on Atmospheric Chemistry. (Panel on Atmospheric Chem-
istry, Climatic Impact Committee; 8 pp.; limited number of copies available from
the committee.)

Long-Term Worldwide Effects of Multipte Nuclear-Weapons Detonations. _o mit-
tee to Study the Long-Term Worldwide Effects of Multiple Nuclear Weapons
Detonations; 213 pp.; available from the NAS Printing and Publishing Office; isaN
0-309-02418-8; $8.50.)

240

235



APPENDIX D

236

Matrix of Electrical and Fire Hazard Properties and Classifications of Chemscals.
(Committee on Hazardous Materials; 36 pp.; limited number of copies available
from the committee.)

Nuclear Science: A Survey of Funding, Facilities, and Manpower. (Cornrmttee on
Nuclear Science; 130 pp.; limited number of copies available from the committee.)

Nuclear Techniques in Hydrology: Current Status and Prospective Uses. (U.S. Na-
tional Committee for the International Hydrological Decade; 43 pp.; limited num-
ber of copies available from the committee.)

Opportunities and Choices in Space Science, 1974. (Space Science Board; 187 pp.;
limited number of copies available from the board.)

Opportunities for Permafrost-Related Research Associated with the Trans-Alaska
Pipeline System. Report of a workshop held at Scottsdale, krizona, March 19-22,
1975. (Committee on Permafrost, Polar Research Board; 37 pp.; limited number of
copies available from the board.)

Products from Jojoba: A Promising New Crop for Arid Lands. (Committee on Jojoba
Utilization; 30 pp.; limited number of copies available from the Office of Chemistry
and Chemical Technology.)

Proposed National Resource for Cornputation in Chemistry: A User-Oriented Facility.
(Office of Chemistry and Chemical Technology; 51 pp.; limited number of copies
available from the office.)

Report on United States Antarctic Research Activities, 1974-75, and United States
Antarctic Research Activities Planned for 1975-76. (Polar Research Board; 90 pp.;
limited number of copies available from the board.)

System for Classification of the Hazards of Bulk Water Transportation of Industrial
Chemicals. (Committee on Hazardous Materials; 42 pp.; limited number of copies
available from the committee.)

Understanding Climatic Change: A Program for Action._ (Panel on Climatic Variation,
Committee for the Global Atmospheric Research Program; 239 pp.; available from
the nAs Printing and Publishing Office; ISBN 0-309-02323A $8.50.)

United States Space Science Program: Report to CosPAR [COMMittee on Space Re-
search]. Eighteenth Meeting, Varna, Bulgaria, June 1975. (Space Science Board;
90 pp.; limited number of copies available from the board.)

Views of the National Academy of Sciences Committee on Radio Frequencies Con-
cerning Frequency Allocations for the Radio Astronomy Service in Preparation for
the World Administrative Radio Conference-1979 [First Revision]. (Committee
on Radio Frequencies; 24 pp.; limited number of copies available from the coin-

COMMISSION ON numAN nEsouncEs

Doctorate Recipients from United States Universities: Summary Report, 1974. (Com-
mission on Human Resources; 27 pp.; limited number of copies available from the
commission.)

Graduate School Adjustments to the -New Depression" in Higher Education. (Na-
tional Board on Graduate Education; 96 pp.; available from the NAs Printing and
Publishing Office; isuN 0-309-02328-9; $4.75.)
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Mutual Educational Exchange Program Under the Fulbright-Hays Act, 1976-1977:
University LecturingAdvanced Research. (Council for International Exchange of
Scholars; 44 pp,; limited number of copies available from the council.)

Personnel Needs and Training for Biomedical and Behavioral Research. (Committee

on a Study of National Needs for Biomedical and Behavioral Research Personnel;
84 pp.; limited number of copies available from the commission.)

Research Training and Career Patterns of Bioscientists: The Training Programs of the
National Institutes of Health, (Committee on a Study of the Impact of the Nin
Research Training Programs; 160 pp.; limited number of copies available from the
Committee on the Study of National Needs for Biomedical and Behavioral Research

Personnel.)
Science Development: An Evaluation Study. Technical Report Number 4, (National

Board on Graduate Education; 182 pp.; available from the NM Printing and Pub-
lishing Office; ISBN 0-309-02329-7; $5,75.)

Science Development, University Development, and the Federal Government. Report
Number 4. (Board on Graduate Education; 48 pp.; limited number of copies avail-

able from the board.)

COMMISSION ON INTERNATIONAL RELATIONS

Arid Lands. of Sub-Saharan Africa; Stag Progress Report, September 1973june 1974;

Stag Final Report, July 1974December 1974; Appendices to the Staff Final Re7
port. (Advisory Panel on Arid Lands of Sub-Sahman Africa, Board on Science and
Technology for International Development; Stag Progress Report, 118 pp.; Stag
Final Report, 36 pii; Appendices,' 277 pp,; limited number of copies available

from the commission.)
Childhood in China. Report of the American Delegation on Early Childhood Develop-

ment in the People's Republic of China, (Committee (in Scholarly Communication
with the People's Republic of China; 241 pp.; available from the Yale University

Press, 92A Yale Station, New Haven, Connecticut 00520; ISDN 0-300-01917-3;
$12,50 cloth; $3.95 paper)

"Earthquake Research in China," (Report of the American Seismology Delegation,

Frank Press, et al., LosTransactions, American Geophysical Union 56: 838-881,
1975) (Cosponsored by the Committee on Scholarly Communication with the Peo-
ple's Republic of China of the National Academy of Sciences, the Social Science
Research Council, and the American Council of Learned Societies)

Herbal Pharmacology in tlw People's Republic of China. (Committee on Scholarly
Communication with the People's Republic of China; 269 pp.; available from the
NAS Printing and Publishing Office; ISBN 0-30942438-2; $8.00,)

An International Centre for Manatee Research. Report of a workshop held in George.

town, Guyana, February 7-13, 1974. (Cosponsored by the National Academy
of Sciences of the United States of America, the National Research Council of
Guyana, and the International Development Centre of Canada; 34 pp,; limited
number of copies available from the Board on Science and Technology for
International Development.)

Language and Linguistics in the People's Republic of China. Based on Accounts of
the Linguistic Delegation, October 16November 13, 1975, (Committee on Schol-
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arly Communication with the People's Republic of China; 168 pp.; available from
the University of Texas Press, Austin, Texas 78712; ISBN 0-292-7415-6; $9.50
cloth, $3,95 paper.)

Natural Products for Sri Lanka's Future. Report of a workshop held in Colombo, Sri
Lanka, June 2-6, 1975. (Cosponsored by the National Academy of Sciences of
the United States of America and the National Science Council of Sri Lanka;
53 pp.; limited number of copies available from the Board on Science and Tech-
nology for International Development.)

Plant Studies in the People's Republic of China: A Trip Report of the American Plant
Studies Delegation. (Committee on Scholarly Communication with the People's Re-
public of China; 205 pp.; available from the NAS Printing and Publishing Office;
ISBN 0-309-02348-3; $7.25.)
miner on Industrial Energy Conservation and Seminar 'on Solar Space Heating and
Cooling: Staff Summary Report. Seminars held in Seoul, Korea, November 13-15,
1974. (Cosponsored by the Board on Science and Technology for International
Development of the U.S. National Research Council and the Ministries of Science
and Technology and of Commerce and Industry, Republic of Korea; 24 pp.;
limited number of copies available from the board.)

The Winged Bean: A High-Protein Crop for the Tropics. (Advisory Committee on
Technology and Innovation, Board on Science and Technology for International
Development; 41 pp.; limited number of copies available from the commission.)

World Food and Nutrition Study: Interim Report. (Steering Committee for the NBC

Study on World Fbod and Nutrition; 82 pp.; available from the NAS Printing and
Publishing Office; ISBN 0-309-02436-6; $5.50.) (This report includes the Recant-
mended Actions on Nutrition Research and Development, prepared by the Food
and Nutrition Board of the Assembly of Life Sciences.)

COMMISSION ON NATURAL RESOURCES

Agricultural Production Efficiency. (Committee on Agricultural Production, Board on
Agriculture and Renewable Resources; 199 pp.; available from the NAS Printing
and Publishing Office; ISBN 0-309-02310-6; $6.50.)

Air Quality and Stationany Source Emission Control. Report to the Committee on
Public Works, U.S. Senate. (909 pp.; available from the U.S. Government Printing
Office, Documents Department, Washington, D.C. 20402; Y4.1396/10:94-4,
$8.60.)

Assessing Potential Ocean Pollutants. (Study Panel on Assessing Potential Ocean Pol-
lutants, Ocean Affairs Board; 438 pp.; available from the NAS Printing and Publish-
ing Office, ism 0-309-02325-4; $6.75.)

Biological Oceanography: Some Critical Issues, Problems, and Recommendations.
(Panel on Biological Oceanography, Ocean Affairs Board; 28 pp.; available from
the National Technical Information Service; ADA 016717; $3.75 paper, $2.25
microfiche.)

Decision Making for Regulating Chemicals in the Environment. (Committee on Prin-
ciples of Decision Making for Regulating Chemicals, Environmental Studies Board;
232 pp.; available from the NAS Printing and Publishing Office; ISBN 0-309-02401-
3; $12.75.)
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Disposal in the Marine Environment: An Oceanographic Assessment. An Analytical
Study for the U.S. Environmental Protection Agency. (Ocean Disposal Study Steer-
ing Committee, Ocean Science Committee, Ocean Affairs Board; 76 pp.; available
from the NAs Printing and Publishing Office; IsuN 0-309-02446-3; $5.00.)

First Annual Report of the Steering Comniittee for Analytical Studies for the U.S.

Environmental Protection Agency. (Steering Committee for Analytical Studies for
the U.S. Environmental Protection Agency; 30 pp.; limited number of copies avail-
able from the commission.)

Interim Storage of Solidified High-Level Radioactive Wastes. (Panel on Engineered
Storage, Committee on Radioactive Waste Management; 82 pp.; available from the
NAs Printing and Publishing Office, ISBN 0-309-02400-5; $8.50.)

Mineral Resources and the Environment. (Committee on Mineral Resources and the
Environment; 348 pp.; available from the NAS Printing and Publishing Office; ISBN
0-309-02343-2; $6.00.)

Mineral Rewurces and the Environment: Appendices. (Committee on Mineral Re-
sources and the Environment; Appendix to Section I: Materials Conservation
through Technology, 560 pp., PH 239580, $13.25 paper, $2.25 microfiche; Appen-
dix to Section II: Estimation of Mineral Reserves and Resources, 23 pp., PB 239581,
$3.75 paper, $2.25 microfiche; Appendix to Section III: Implications of Mineral
Production for Health and the Environment, 120 pp., en 239582, $5.25 paper,
$2.25 microfiche; Appendix to Section IV: Demand for Fuel and Mineral Resources,
89 pp po 239583, $4.25 paper, $2.25 microfiche; appendices available from the
National Technical Information Service.)

Nutrient Requirements of Sheep. Fifth Revised Edition. (Subcommittee on Sheep
Nutrition, Committee on Animal Nutrition; 72 pp,; available from the NAs Printing

and Publishing Office; Isar,: 0-309-02212-6; $3.00.)
Pest Control: An Assessment of Present and Alternative Technologies. (Environmental

Studies Board; 5 volumes; tsBN 0-309-02409-9; $26.00 per set. Volume I: Con-

temporary Pei(Control Practices and Prospects, 506 pp., isnN 0-309-02410-5,
$11.75; Volume II: Corn/Soybeans Pest Control, 169 pp., Isms 0-309-02411-0,
$5.50; Volume III: Cotton Pest Control, 139 pp., ISBN 0-309-02412-9, $5.00;
Volume IV: Forest Pest Control, 170 pp, ism.: 0-309-02413-7, $5.75; Volume V:

Pest Control and Public Health, 282 pp., ISBN 0-309-02414-5; $8.00; all volumes
available from the NAS Printing and Publishing Office.)

Petroleum in the Marine Environment. Report of a Workshop on Inputs, Fates and
the Effects of Petroleum in the Marine Environment, held in Air lie, Virginia, May
21-25, 1973. (Ocean Affairs Board; 107 pp.; available from the NAs Printing and
Publishing Office; ISBN 0-309-02311-4; $6.50.)

Planning for Environmental Indices. (Planning Committee on Environmental Indices,
Environmental Studies Board; 47 pp.; available From the National Technical Infor-
mation Service; pn 240-971; $4.25 paper, $2.25 microfiche.)

Principles for Evaluating Chemicals in the Environment. (Committee for the Working
Conference on Principles of Protocols for Evaluating Chemicals in the Environ-
ment, Environmental Studies Board; 454 pp.; available from the NAs Printing and
Publishing Office; isBN 0-309-02248-7; $11.50.)

Report of the Ad Hoe Panel on Forecasting Coal Technology. (Co mittee on Mineral
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Resources and the Environment; 27 pp.; limited number- of copies available from
the committee.)

Report of the Conference on Air Quality and Automobile Emissions, May 15, 1975,
and Supplementary Statement, July 29, 1975. (Committee on Environmental Deci-
sion Making; Report, 26 pp.; Supplementary Statement, 12 pp.; limited number of
copies available from the committee.)

Underground Disposal of Coal Mine Wastes. (Study Committee to Assess the Feasi-
bility of Returning Underground Coal Mine Wastes to the Mined-Out Areas, En-
vironmental Studies Board; 172 pp.; available from the NAS Printing and Publishing
Office; ISBNCL-Z09-02324-6; $6.25.)

U.S. Directory of Marine Scientists. (Ocean Science Committee, Ocean Affairs Board;
325 pp.; available from the NAs Printing and Publishing Office; ISBN 0-309-02408-
0; $6.50.)

World Food and Nutrition Study: Enhancement of Food Production for the United
States. (Board on Agriculture and Renewable Resources; 187 pp.; available from
the sus Printing and Publish Mg Office; ISBN 0-309-02435-8; $6.00.)

ccatAnsmoN ON socaurEcHNIcAL sYs coMs

Aerospace Cost Savingshnplications for NASA [National Aeronautics and Space Ad-
ministration] and the Industry. (National Materials Advisory Board; 128 pp.;
limited number of copies available from the board.)

Characteristics of irr-180 and TI-100 for Welded High-Strength Structures. (Ad Hoc
Committee on Welding High-Strength Structures, National Materials Advisory
Board; 82 pp.; limited number of copies available from the board.)

Criteria for Underground Heat Distribution Systems. Federal Construction Council
Technical Report 66. (Standing Committee on Mechanical Engineering, Building
Research Advisory Board; 79 pp.; available from the NAS Printing and Publishing
Office; ISBN 0-309-02320-3; $3.50.)

Digest of Literature on Dielectrics, Volume 37, 1973. (Committee on Digest of Litera-
ture, Conference on Electrical Insulation and Dielectric Phenomena; 740 pp.; avail-
able from the NAs Printing and Publishing Office; ISBN 0-309-02437-4; $40.00.)

Directory of Fire Research in the U.S., 1971-1973. Seventh Edition. (Committee on
Fire Research; 361 pp.; available from the NAS Printing and Publishing Office;
ISDN 0-309-02327-0; $9.25.)

Earthquake Prediction and Public Policy. (Panel on Public Policy Implications of
Earthquake Prediction, Advisory Committee on Emergency Planning; 142 pp.;
available from the NAs Printing and Publishing Office; ism 0-309-02404-8;
$6.50.)

Effrethvness of the Army Technical Data Package in Technology Transfer for Pro-
curenwnt. (Ad Hoc Committee on Technology Transfer via the Technical Data
Package, National Materials Advisory Board; 95 pp.; linnted number of copies
available from the board.)

Engineering Aspects of the Tornadoes of April .3-4, 1974. (Committee on Natural
Disasters; 110 pp.; limited number of copies available from the committee.)

EngincerMg Report on the Alanagita Earthquake of December 23 , 1972 . (Committee
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on Natural Disasters; 1 1 pp.; limited number of copies available from the corn
mittee.)

Fire Safety and Fire Hazards Related to Polymeric Materials in Cars of Washington
Metropolitan Area Transit Authority. (Committee on Fire Safety Aspects of Poly-

7c Materials, National Materials Advisory Board; 35 pp.; available from the
National Technical Information SerViCe; PB 244971; $3.75 paper, $2.25 microfiche.)

Incendiarism: An Overview and An Appraisal. A report of a Conference on Arson and
Incendiarism held in Washington, D.C., July 29-30, 1975. (Committee on Fire
Research; 7 pp.; limited number of copies available from the committee.)

Landslide of April 25, 1974, on the Mantaro River, Peru. (Committee on Natural Dis-
asters; 72 pp,; limited number of copies available from the committee.)

Mechanical Rope and Cable. (Ad Hoc Committee on Mechanical Rope and Cable,
National Materials Advisory Board; 96 pp.; available from the National Technical
Information Service; ADA 013345/4cL; $5.50 paper, $2,25 microfiche.)

Methodology for Estimating the Characteristics of Coastal Surges from Hurricanes.
(Science and Engineering Committee on the Prevention and Mitigation of Flood
Losses, Building Research Advisory Board; 34 pp.; limited number of copies avail-
able from the board.)

Problems and ,Legislatice Opportunities in the Basic Materials Industries. (Ad Hoc
Committee on Opportunities in the Basic Materials Industries, National Materials
Advisory Board; 119 pp.; limited number of copies available from the board.)

Sealift Readiness Program: The Commercial Implications of a Military Contingency
Call-up of U,S. Flag Merchant Ships. (Panel on Seale Readiness, Maritime Thins-
portation Research Board; 102 pp.; limited number of copies available from the
board.)

Structural Ceramics. (Committee on Structural Ceramics, National Materials Advisory
Board; 86 pp.; available from the National Technical Information Service, ADA
015879; $4.75 paper, $2.25 microfiche.)

Toward an improved U.S. Merchant Marine: A Recommended Program of Studies.
(Panel on the Growth of the U.S. Merchant Marine, Maritime Transportation Re-
search Board; 105 pp.; limited number of copies available from the board.)

COmMISSION ONSOCIOTECHNICAL SI$TENis, TRANSpOnTATIDN itEsEAnCht BOAnD

Air Travel and Aviation Facilities Planning. Record 529. (Transportation Res
Board, 38 pp.; available from the board; isarc 0-309-02376-9; $2.00.)

Application of &anomie Analysis to Transportation Problems. Record 550. (Transpor-
tation &search Board; 67 pp.; available from the board; istsr4 0-309-02456-0;
$3.20.)

Application of Interactive Graphics in Citizen Participation. Record 553. (Transpor-
tation Research Board; 49 pp.; available from the board; tsar: 0-309-02457-9;
$2.40.)

Asphalt Properties and Performance. Record 544. (Transportation Research B rd;
85 PP.; avai/able from the board; MN 0-309-02399-8; $3.20.)

Better Use of Existing Transportation Facilities. Special Report 153. (Transportation
Research Board; 250 pp.; available from the board; istsr4 0-309-02381; $9.80.)
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Bituminous Emtdsions jor Highway Pavements, National Cooperative Highway Re-
search Program Synthesis of Highway Practice 30. (Transportation Research Board;
76 pp.; available from the board; isms 0-309-02337-8; $4.80.)

Bus Use of Highways: Vanning and Design Guidelines. National Cooperative High-
way Research Programs Fieport 155. (Transportation Research 13oard; 161 pp.;
available from the board; ISBN 0-309-02308-4; $7.60.)

Concrete and Steel Bridges. Record 547. (Transportation Research Board; 72 pp.;
available from the board; isaa 0-309-02452-8; $3.40.)

Concrete Pavement Construction and Joints and Loader-Truck Production Studies.
Record 535. (Transportation Research Board; 96 pp.; available from the board;
ISBN 0-309-02386-0; $4,20.)

Corrosion, Concrete, Quality Control and Paint Beads, Record 59. (Transportation
Research Board; 112 pp,; available from the board; Isrm 0-309-02390-4; $4.80.)

Crash Cushions of Waste Materials, National Cooperative Highway Research Program
Report 157. (Transportation Research Board; 73 pp.; available from the board; ISBN
0-309-02332-7; $4.30.)

Design Concepts far a National Network of Transportation Research Information Ser-
vices (TRISNET), (Transportation Research Board; 78 pp.; available from the Na-
tional Technical Information Service; au 245311; $4.75 paper, $2.25 microfiche.)

Driver Performance Studies. Record 530. (Transportation Research Board; 40 pp.;
available from the board; max 0-309-02377-7; $2.40.)

Eliect of Roadway Geometries on Trabie Operations. Record 5.41. (Transportation Re-
search Board; 54 pp.; available from the beard; ISBN 0-1309-02394-7; $2.60.)

Efiects of Natural Elements and Chemicals an Bitumen-Aggregate Combinations,
1966-1974. Bibliography 56. (Transportation Research Board; 35 pp.; available
from the board; ISBN 0-309-02371-8; $2.00.)

Freeway Entry, Flow, and Control. Record 533. (Transportation Research Board; 138
pp.; available from the board; ISBN 0-309-02384-X; $5.60.)

Hazardous Materials Transportation and Highway Maintenance. Record 554. (Trans-
portation Research Board; 74 pp.; available from the board; isatv 0-309-02460-9;
$3.40.)

Highway Tunnel Operations. National Cooperative Highway Research Program Re-
port 31. (Transportation Research Board; 29 pp.; available from the board; ism
0-309-02338-6; $3.20.)

Inland Waterway Transportation. Record 545. (Transportation Hese rch Board; 30
pp., available from the board; low 0-309-02450-1; $2.00.)

Mitigating Adverse Environmental Effects of Highway Construction. Record 551
(Transportation Research Board; 42 pp.; available from the board; ism 0-309-
02455-2; $2,20.)

242 Motor Vehicle Noise Control. Special Report 152. (Transportation Research Board;
104 pp.; available from the board; ISBN 0-309-02379; $4,60.)

Motorist and Transit-User Services. Record 536. (Transportation Research Board; 48
pp.; available from the board; isnia 11-309-02387-4; $2.40,)

Operation and Maintenance of Transportation Facilitie8: Statements of Rasearch Prob-
lems. Special Report 158. (Transportation Research Board; 129 pp.; available from
the board; isnx 0-309-02398-X; $5.60,)
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Partial-Lane Pavement Wklcning. National Cooperative Highway Research Program
Synthesis of Highway Practice Report 28, (Transportation Research Board; 30 pp.;
available from the board; Ism 0,-309-02333-5; $3.20.)

Pavement and Soil Characteristics. Record 537. (Transportation Research Board; 81
pp,; available from the board; mrs 0-309-02388-2; $3.80.)

pcc [Portland Cement Concrete] Pavements for Low-Volume Roads and City Streets.
National Cooperative Highway Research Program Synthesis of Highway Practice
Report 27, (Transportation Research Board; 31 pp.; available from the board;
ISBN 0-309-02309-2; $3.60.)

Polymer Concrete, Record 542. (Transportation Research Board- 87 pp.; available
from the hoard; Isom 0-309-02395-5; $3.20.)

Regional Bus Transportation. Record 546. (Transportation Re. arch Board; 58 pp.;
available from the board; ism 0-309-02451-X; $2,60.)

Research Needs for Evaluating Urban Public Transportation. Special Report 155.
(Transportation Research Board; 123 pp.; available front the board; isnN 0-309-
02383-155; $5.25.)

Roadside Hazards and Safety Improvements. Record 543. (Transportation Research
Board; 51 pp.; available from the board; ISBN 0-309-02396-3; $2.40.)

Selection of Safe Road-side Cross Section-s National Cooperative Highway Research
Program Synthesis of Highway Practice Report 27, (Transportation Research
Board; 57 pp.; available from the board; isnN 0-309-02335-1; $4.40.)

Skid Resistance. Record 523. (Transportation Research Board; 152 pp.; available from
the board; ISBN 9-309-02368-8; $6.60.)

Soil and Bock Mechanics, Culverts, and Compaction. Record 548. (Transportation
Research board; 105 pp,; available from the bOard; ISBN 0-309-02453-6; $4.60.)

Traffic Control and Motori-st Information. Record 531. (Transportation Research
Board; 82 pp.; available from the board; ISBN 0-309-02378-5; $3.60.)

Tran.sportation Decision-Making: A Guide to Social and Environmental Considera.
tions. National Cooperative Highway Research Program Report 156. (Transporta-
tion Research Roard; 135 pp.; available from the board; isaN 0-309-02331-9;
$7.20.)

Transportation Programming Process, Special Report 157. (Transportation Research
Board; 75 pp.; available from the board; IsaN 0-309-02391; $3.40.)

Travel Behavior and Values. Record 534. (Transportation Research Board; 89 pp.;
available front the board; Ism/ 0-309-02385-8; $3.20.)

Treatment of Soft Foundation.s for Highway Embankments. National Cooperative
Highway Research Program Synthesis of Highway Practice Report 29. (Transpor-
tation Research Board; 25 pp.; available from the hoard; ISBN 0-309-02334-3;
$3.20.)

Urban Accident Patterns. Record 540. (Transportation Research Board; 58 pp.; avail-
able from the board; ISBN 0-309-02393-9; $2.60.)

Weaving Areas; Design and Analysis. National Cooperative Ilighvay Research Pro-
gram Report 159. (Transportation Research Board; 119 pp.; available from the
board; ISBN 0-309-02336-X; $6.40.)
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Legalized Abortion and the Public Health. (Ins titu e of Medicine; 188 pp.; limited
number of copies available from the institute.)

Legalized Abortion and the Public Health: Summary and Conclusions, (Institute of
Medicine; 10 pp.; limited number of copies available from the institute.)

Medicare-Medicaicl Reirnbursernent Policies: Effects on Teaching Hospitals, Physician
Distribution, and Foreign Medical GraduatesInterim Report. (Institute of Medi-
cine; 57 pp.; limited number of copies available from the institute.)

commit At,E ON SCIENCE AND PUBLIC POLICY (NATIONAL, ACADEMY OF SCIENCES)

Employment Froblarns in Astronomy. (Astronomy Manpower Committee, Committee
on Science and rublic Policy; 44 pp.; limited number of copies available from the
Committee on Science and Public Policy.)

Materials and Man's Needs: Materials Science and Engineering, (Committee on the
Survey of Materials Science and Engineering, Committee on Science and Public
Policy: Volunze The History, Scope, and _Nature of Materials Science and Engi-
neering, 289 pp., PH 245979As, $8.75 paper, $2.25 microfiche; Volume II: The
Needs, Priorities, and Opportunit(es for Materials Research, 379 pp, pu 245981/As,
$10.25 paper, $2.25 microfiche; Volume ; The Institulional Framework for Ma-
terials Science and Engineering, 294 pp, pa 245980/As, $8.75 paper, $2.25 micro-
fiche; Volume 11': Aspects of Materials Technology Abroad, 326 pp., ra 245982/As,
$9.50 paper, $2.25 microfiche; available ham the National Technical Information
Service.)
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